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PROCEEDINGS
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GEOLOGICAL SOCIETY OF LONDON.

SESSION 1901-1902.

November 6th, 1901.

J. J. H. Teall, Esq., M.A., V.P.R.S., President, in the Chair.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' Note on a Submerged and Glaciated Rock-Valley recently

exposed to view in Carmarthenshire/ By Thomas Codrington, Esq.,

M.Inst.C.E., F.G.S.

2. ' On the Clarke Collection of Eossil Plants from New South

Wales.' Bv E. A. Newell Arber, Esq., B.A. (Communicated by

Prof. T. McKenny Hughes, M.A., F.R.S., F.G.S.)

3. ' On an Altered Siliceous Sinter from Builth (Brecknockshire).'

By Frank Rutley, Esq., F.G.S.

The following specimens, photographs, and maps were exhibited :

—

Rock-Specimens and Microscope-Sections, exhibited by Frank
Rutley, Esq., F.G.S , in illustration of his paper; also Lantern-

Slides and Photographs by Frederick Chapman, Esq., A.L.S.,

F.R.M.S.

Specimens of Permo-Carboniferous and Triassic Plants from New
South Wales, exhibited in illustration of the paper by E. A. Newell
Arber, Esq., B.A.

Photographs of the Towy Valley at Drysllwyn (Carmarthen-
shire), exhibited by Thomas Codrington, Esq., M.Inst.C.E., F.G.S.,

in illustration of his paper.
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Photographs of Tertiary Volcanoes of the North-east of Ireland,

taken and exhibited by Arthur T. Metcalfe, Esq., F.G.S.

Nine Sheets of the Carta Geologica della Calabria,
10000q,

by

E. Cortese & G. Di Stefano, presented by the Royal Geological

Survey of Italy.

Folios 59 to 71 of the Geologic Atlas of the United States, pre-

sented by the U.S. Geological Survey.

November 20th, 1901.

J. J. H. Teall, Esq., M.A., V.P.R.S., President, in the Chair.

George Elmsley Coke, Esq., The Ropewalk, Nottingham ; William
George Eearnsides, Esq., B.A., Addingford Hill, Horbury (York-

shire) ; J. Malcolm Maclaren, Esq., B.Sc, 62 Sydney Street, S.W.

;

and Harry Edward Heath Smedley, Esq., F.L.S., 13 Havergal
Villas, Green Lanes, South Tottenham, N., were elected Fellows

of the Society.

The List of Donations to the Library was read.

Dr. Vattghan Cornish, in exhibiting Photographs of Waves and
Ripples in Water, Cloud, Sand, and Snow, said that he need only

refer to the photographs showing the action of wind upon snow,

which were the most recent of the series of pictures which he was ex-

hibiting that evening. He had spent from December to March in the

winter of 1900-1901 studying the snow in the provinces of Quebec,

Manitoba, and British Columbia. When the wind blew, one saw the

processes of wind-erosion and of the accumulation of drifted material

proceeding with a rapidity which is not attained when wind acts

upon heavier or harder materials. He particularly commended to

geologists the study of wind-erosion of snow hardened by pressure

and low temperature. The cutting and carving, and the revelation of

previously invisible stratification, went on at a surprising rate, and
one could see the structures change from form to form under one's

very eyes, and thus quickly gain such an insight into the processes

of wind-erosion as, in the case of more stubborn rock, could only be

obtained by prolonged study. The advantage, moreover, of studying

the process in snow was not merely one of time, but consisted partly

in the recognition of transitional stages which were so apt to be

missed when observations were necessarily intermittent, as was the

case with those of erosion of harder rocks.

The following communications were read :

—

1. 'Notes on the Genus LicJias/ By Frederick Richard Cowper
Reed, Esq., M.A., F.G.S.
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2. ' Some Remarks on the Meteorological Conditions of the

Pleistocene Epoch.' By Dr. Nils Ekholm. (Communicated by
Prof. W. W. Watts, M.A., F.G.S.)

3. ' On the Origin of certain Concretions in the Lower Coal-

Measures.' By Herbert Birtwhistle Stocks, Esq., F.I.C., F.C.S.

(Communicated by Prof. W. W. Watts, M.A., F.G.S.)

In addition to the photographs mentioned on p. ii, the following

specimens, etc., were exhibited :

—

Specimens of Lichas, exhibited by E. R. C. Heed, Esq., M.A.,

F.G.S., in illustration of his paper.

Copies of Memoirs containing Charts, etc., exhibited in illus-

tration of Dr. Nils Ekholm's paper.

Specimens and Lantern -slides of Lower Coal-Measure Concretions,

exhibited in illustration of the paper by H. B. Stocks, Esq., F.I.C.,

F.C.S.

December 4th, 1901.

J. J. H. Teall, Esq., M.A., V.P.R.S., President, in the Chair.

Edward Alexander Newell Arber, Esq., B.A., Trinity College,

Cambridge ; Stanley Clay, Esq., The Gold Coast Amalgamated
Mines, Limited, 10 & 11 Austin Friars, E.C. ; John Smith Flett,

M.A., D.Sc, Geological Survey of England, 28 Jermyn Street,

S.W. ; Guy Mortimer Fry, Esq., 1 Wynn Road, Tankerton, Whit-
stable ; Thomas Stephen Hart, Esq., M.A., School of Mines,

Ballarat (Victoria) ; the Rev. George John Lane, The Manse, Croft

Terrace, Alston (Cumberland) ; Thomas Henry Digges La Touche,

Esq., Superintendent, Geological Survey of India, Calcutta ; Harford

John Lowe, Esq., The Oaklands, Abbey Road, Torquay ; Frederic

Philip Mennell, Esq., The Rhodesia Museum, Bulawayo (South

Africa) ; Alexander Mitchell, M.D., 87 Regent Street, W. ; Arthur
Berry Nowell, Esq., Assoc.M.Inst.C.E., Wise House, Dacca, Eastern

Bengal (Iudia) ; Ernest Hubert Lewis Schwarz, Esq., Assistant

Geologist, Geological Survey of the Cape of Good Hope, South African

Museum, Cape Town ; Clement H. Stott, Esq., Pietermaritzburg

(Natal) ; the Rev. Francis St. John Thackeray, M.A., F.S.A., Maple-
durham Vicarage, Reading ; and Luke Williams, Esq., Mount Reid
Mine, Mount Reid (Tasmania), were elected Fellows of the Society.

The List of Donations to the Library was read.

Prof. Boxxey, in exhibiting a series of specimens of Smaragdite-

Euphotide from the Saasthal, remarked that they illustrated its

variations in mineral composition : the pyroxenic constituent being



iv PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Feb. IC)02,

sometimes diallage, sometimes rather acicular hornblende, sometimes
glaucophane, but generally smaragdite; the felspathic constituent

passing from a rather changed felspar to the so-called saussurite;

garnets are sometimes common, and white mica occasional; these

different kinds pass one into another. The rock also varies greatly

in coarseness, and often exhibits a distinctly streaky structure. He
described the locality where the rock occurs in situ.

Dr. Vatjghan Cornish, in exhibiting photographs of ' Snow-
Mushrooms ' taken by him in January 1901, at Glacier House,
near the summit of the Canadian Pacific Railway in the Selkirk

Mountains, west of the Rockies (British Columbia), altitude 4000
feet, said that the snowfall had been 25 feet measured, then

represented by a 5-foot layer upon the ground. It is said that

there is not much wind here, and that the snow mostly falls

at a temperature near the melting-point. It has the reniform

habit in great perfection, and its clinging masses are very beautiful.

The most remarkable thing about it is the formation of symmetrical

caps, which overhang by a yard and more the supporting pedestal.

The stumps of the felled trees usually have bases 2 to 4 feet in

diameter, which support the whole depth of snow and are frequently

of such a height as to produce, with the cap of snow, an almost

perfect reproduction of a mushroom. Their nearly perfect symmetry
was attained, he believed, by gradual growth until the limit of

cohesion was reached in all directions. The tree-stumps being almost

exactly circular, the complete cap is also circular. These caps are

very stable, the great weight of superincumbent snow welding the

lower layers into a tenacious mass. Their study has, at least, a

suggestive value for geologists.

Prof. Lapworth referred to the good work that Dr. Vaughan
Cornish was doing in observational science by his photographs of

the various surface-shapes assumed by water, sand, snow, etc.,

under the undulatory movements of the wind. He spoke of the

resemblances of many of these shapes to well-known geological

fold- forms, and gave it as his opinion that the symmetrical mush-
room-like snow-shapes shown upon these beautiful photographs

were the effects of symmetrical wind-eddies, and might be compared
with the so-called ' mushroom-folds ' and mountains without roots

of the pre-Alpine regions, shapes also probably due to more or less

symmetrical tri-dimensional movements.

The following communications were read :

—

1. 'On a new Genus belonging to the Leperditiadae, from the

Cambrian Shales of Malvern.' By Prof. Theodore Groom, M.A.,

D.Sc, F.G.S.

2. ' The Sequence of the Cambrian and Associated Beds of the

Malvern Hills/ By Prof. Theodore Groom, M.A., D.Sc, F.G.S.

With an Appendix on the Brachiopoda by Charles Alfred Matley,

Esq., B.Sc, F.G.S.
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The following specimens were exhibited, in addition to those

mentioned on pp. iii-iv :

—

Specimens and Lantern-slides of Malvern Fossils, exhibited by

Prof. Theodore Groom, M.A., D.Sc, F.G.S., and C. A. Matley, Esq.,

B.Sc, F.G.S., in illustration of the former's paper and the latter's

appendix.

December 18th, 1901.

J. J. H. Teall, Esq., M.A., V.P.R.S., President, in the Chair.

John T. Bebbington, Esq., 28 Coningsby Road, Anfield, Liverpool

;

Henry T. Leighton, Esq., 37 Arch Street, Bugeley (Staffordshire)

;

Alexander Gordon Milne Thomson, Esq., Maybank, Maryfield,

Dundee ; and Thomas Leonard Walker, M.A., Ph.D., Professor of

Mineralogy & Petrology in the University of Toronto (Canada),

were elected Fellows ; and Dr. Alexander Petrovich Karpinsky, of

St. Petersburg, and Prof. Alfred Lacroix, of Paris, were elected

Foreign Members of the Society.

The List of Donations to the Library was read.

Prof. H. G. Seelet drew attention to a Skull of Equus fossilis from

Keswick, exhibited by Mr. J. Postlethwaite, F.G.S., and said that

it belonged to a species of horse, but the skull appeared to be

broader and natter in front of the orbits than in Equus caballus

;

and it gave evidence on the upper surface of being an aged specimen,

an inference which was supported by the palatal conditions. The
teeth are worn down, so as to approximate to the condition of aged

teeth of Equus fossilis, as sometimes found in river-valley gravels;

but he was not aware that these teeth had previously been met
with in association with this form of skull. He understood that

the specimen had been found near the surface beneath an ancient

building at Keswick, and that there was no evidence as to its

geological antiquity.

Mr. Postlethwaite said that the skull which the previous speaker

had described was found beneath the floor of one of the rooms of a

farmhouse known as ' Birketfield/ the property of Mr. J. M. Moorsom,
about 6 miles east of Keswick. The house, which is of considerable

age, was being altered and repaired, and it was in taking up one of

the floors, for the purpose of relaying, that the skull was found.

The surface-deposit on the farm is Glacial Drift.

Prof.W. W. Watts called attention to the exhibited set of Twenty-
two Photographs, the first of three sets to be published as typical

examples of Geological Photographs by the British Association

Committee on Geological Photographs.
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The following communications were read :

—

1. ' Coal- and Petroleum-Deposits in European Turkey.' By
Lieut.-Colonel Thomas English, F.G.S.

2. ' On the Geological and Physical Development of Dominica :

with JS
Totes on Martinique, St. Lucia, St. Vincent, and the Grena-

dines.' By Prof. Joseph William Winthrop Spencer, Ph.D., M.A.,
E.G.S.

3. ' On the Geological and Physical Development of Barbados,

with Notes on Trinidad.' By Prof. Joseph William WT
inthrop

Spencer, Ph.D., M A., E.G.S.

In addition to the exhibits mentioned on p. v, the following

specimens, etc., were exhibited :

—

Specimens of Coal- and of Petroleum-Deposits, and Lantern-Slides

of Views of the Country north of the Gulf of Xeros, in Eurojjean

Turkey, exhibited by Lieut.-Colonel Thomas English, E.G.S., in

illustration of his paper.

January 8th, 1902.

J. J. H. Teall, Esq., M.A., V.P.H.S., President, in the Chair.

James Foulds, Esq., A.R.C.S., F.C.S., Myrtle Grove, Dymond
Iload, Heckmondwike (Yorkshire); and William Maclay, Esq.,

Thornwood, Langside, Glasgow, were elected Eellows of the Society.

The following Eellows, nominated by the Council, were elected

Auditors of the Society's Accounts for the preceding year : Horace
W. Moxcxton, Esq., F.L.S., and Bedeokd McNeill, Esq.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' A System of Glacier-Lakes in the Cleveland Hills/ By
Percy Fry Kendall, Esq., F.G.S., Lecturer in Geology at the York-
shire College, Leeds.

2. ' The Glaciation of Teesdale, Weardale, and the Tyne Valley,

and their Tributary Vallevs.' By Arthur Richard Dwerryhouse,

Esq., B.Sc, E.G.S.

Lantern-Slides and Diagrams were exhibited by Mr. P. E. Kendall

and Mr. A. 11. Dwerryhouse in illustration of their respective papers.
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January 22nd, 1902.

1

J. J. H. Teall, Esq., M.A., F.R.S., President, in the Chair.

Alfred William Gibb, Esq., M.A., B.Sc., 1 Belvidere Street,

Aberdeen ; and Theodore Heinrich Watermeyer, Esq., 90 Louisville

Road, Balham, S.W., were elected Fellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' The Fossiliferous Silurian Beds and Associated Igneous Rocks
of the Clogher Head District (County Kerry).' By Charles Irving

Gardiner, Esq., M.A., E.G.S., and Prof. Sidney Hugh Reynolds,

M.A., E.G.S.

2. A Process for the Mineral Analysis of Rocks.' By William
Johnson Sollas, D.Sc, LL.D., E.R.S., E.G.S., Professor of Geology
in the University of Oxford.

The following specimens and maps were exhibited :

—

Rock-specimens, Microscope-Sections, and Lantern-Slides, exhi-

bited by C. I. Gardiner, Esq., M.A., F.G.S., and Prof. S. H. Reynolds,

M.A., E.G.S. , in illustration of their paper.

Lantern-Slides and Apparatus, etc., exhibited by Prof. W. J.

Sollas, D.Sc, LL.D., E.R.S., E.G.S., in illustration of his paper.

Geological Map of Iceland by T. Thoroddsen,
6uQ

1

00(
-

j
(published by

the Karlsberg Fund).

Livraison IV, containing 7 sheets, of the Carte Geologique Inter-

nationale de l'Europe
,1>50

*

>00Q
.

February 5th, 1902.

J. J. H. Teall, Esq., M.A., F.R.S., President, in the Chair.

Frederic John Dixon, Esq., Assoc.M.Inst.C.E., Ganstead Rise,

Harrogate ; George Enoch Lawton, Esq., Aidenswood House,

Lawton (Cheshire) ; Francis Hylton Molesworth, Esq., Turramurra,

Sydney (New South Wales) ; and Herbert .Kelsall Slater, Esq.,

Bangalore, Mysore Province (India), were elected Fellows of the

Society.
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The List of Donations to the Library was read.

I

Mr. H. Batjerman, in exhibiting a remarkable Crystal of Cinnabar
from the mercury-mines in the province of Kwei-chau (China),

observed that it was a completely developed penetration-twin of two
rhombohedra, attached to a mass of crystalline quartz. He drew
attention to the simple character of the form from this locality, as

compared with those of the crystals from Almaden and Avala.

The following communications were read :

—

1. ' The Matrix of the Suffolk Chalky Boulder-Clay.' By the

Rev. Edwin Hill, M.A., F.G.S.

2. ' On the Relation of certain Breccias to the Physical Geography
of their Age.' By Prof. Thomas George Bonney, D.Sc, LL.D,,

F.R.S., F.G.S.

The following specimens, etc. in addition to that mentioned above,

were exhibited:—
Specimens of the Matrix of the Suffolk Chalky Boulder-Clay,

exhibited by the Rev. Edwin Hill, M.A., E.G.S., in illustration of

his paper.

Diagrams and Lantern-Slides of Breccias from the Flysch of

Sepey and from the Rothliegende near Eisenach, exhibited by Prof.

T. G. Bonney, D.Sc, LL.D., F.R.S., F.G.S., in illustration of r^s

paper.



ANNUAL GENERAL MEETING,

February 21st, 1902.

J. J. Harris Teall, Esq., M.A., F.R.S., President,

in the Chair.

Eeport of the Council eor 1901.

The Society shared the general sorrow at the death of Her late

Majesty, Queen Victoria. The President gave expression to the

grief felt by the Fellows by adjourning the Meeting of January

23rd, 1901, immediately after the formal business had been taken

;

and at a later period the President and Council, on behalf of

themselves and the Fellows, presented an Address to the King,

expressing their sorrow for the death of the late Queen and

welcoming His Majesty's accession to the throne. The text of this

Address will be found at p. lxxxvii of the Proceedings of the last

Session. To this Address a gracious reply was received.

The financial prosperity of the Society is again a matter for con-

gratulation. The number of Fellows has undergone scarcely any
change : 52 Fellows were elected (the same number as in 1899,

but 7 less than in 1900), of whom 31 paid their Admission Fees

before the end of the year. 17 Fellows who had been elected in

the previous year paid their Admission Fees in. 1901, the total

accession of new Fellows during the past twelve months amounting
therefore to 51.

On the other hand, there was a total loss of 5o Fellows—36 by
death, 13 by resignation, and 6 by removal from the List because

of non-payment of their Annual Contributions.

From the foregoing statistics it will be seen that the actual

decrease in the number of Fellows is 4 (as compared with a

decrease of 10 in 1900).

Of the 36 Fellows deceased, 5 had compounded for their Annual
Contributions, 25 were Contributing Fellows, and 6 were Non-
Contributing Fellows. On the other hand, 7 Fellows during 1901
became Compounders.
The total accession of Contributing Fellows is thus seen to be

4-1 (51-7), and the total loss being also 44 (25+ 13+ 6), the

number of Contributing Fellows during 1901 remained stationary,

as compared with an increase of 1 in 1900 and of 12 in 1899.

Turning now to the Lists of Foreign Members and Foreign

Correspondents, it may be recalled that, at the close of 1900, there

was one vacancy in the List of Foreign Correspondents. This

c2
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was filled up early in the year, during the course of which the

Society suffered the loss, by death, of 2 of its Foreign Members.
The vacancies thus arising were filled up, but the 2 resulting

vacancies in the List of Foreign Correspondents still remain

unfilled.

The total number of Fellows, Foreign Members, and Foreign

Correspondents, which stood at 1334 on December 31st, 1900, had

decreased to 1329 at the end of the year under review.

Proceeding now to consider the Income and Expenditure of the

Society during the first year of the twentieth century, the figures

set forth in detail in the Balance-sheet may be summarized as

follows :

—

The total Receipts, including the Balance of £388 14s. lOd.

brought forward from the previous year, amounted to £3503 17s. Sd.,

being £285 14s. lOd. more than the estimated Income.

The total Expenditure during 1901 amounted to £3100 5s. 5d.,

being £196 7s. 7d. less than the estimated Expenditure for that

year. These figures ii; elude a very large item of non-recurring

Expenditure, namely, the cost of Hedecoration of the Society's

Apartments. It was estimated that this would involve an Ex-
penditure of £500, and, as will be seen from the Balance-sheet,

the actual cost was £508 lis. lie?., which is perhaps as close an

approximation to the Estimate laid before the Fellows at the last

Annual General Meeting as could fairly be expected.

The Council have to announce the completion of Vol. LYII and

the commencement of Vol. LV1II of the Quarterly Journal.

Mr. C. Davies Sherborn, F.G.S., who, during the past year, pre-

pared and edited the Catalogue-slips which the Society supplies to

the Regional Bureau of the International Catalogue of Scientific

Literature, has undertaken to continue this work on the Society's

behalf during 1902. These slips, as before explained, deal solely

with geological papers published in the British Islands, and there-

fore do not cover the same ground as the Society's own Record of

Geological Literature.

The attention of the Council having been drawn to the necessity

of a new catalogue of the Society's Library, a Committee was
recently appointed to enquire into this matter, and, after full con-

sideration, its report was adopted by the Council in the following

terms :

—

(1) All books in the Library relating to geology are to be catalogued.

(2) All papers of a geological nature are to be catalogued, whether separate
or in serials.

(3) In the catalogue each separate publication or paper in a serial is to be
included under three heads :

—

(a) Author, (h) Subject, and (c) Locality.

(4) A sum of £80 shall be placed on the estimates for 1902 for the commence-
ment of the work.

This new Catalogue is to be, in the first instance, a manuscript

card-catalogue, the question of printing and publishing it being

reserved for further consideration. The Council are glad to announce
that they have secured the valuable services of Mr. C. Davies
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Sherborn, who has undertaken to carry out the work on the lines

laid down. This work will necessarily take a considerable time to

complete.

A full account of the Proceedings at the Special General Meeting

held on March 27th, 1901, to consider the state of the Society's

Museum, has been published at pages xcii-xciii of the last volume
of the Quarterly Journal. After that meeting the Rev. J. F.

Blake made an offer to undertake, without any remuneration, the

task of editing and preparing for publication a catalogue of the

type- and other important specimens in the Society's Museum, based

on Mr. C. Davies Sherborn's manuscript catalogue. This otter was
accepted by the Council, and on this arduous work the Rev. J. F.

Blake has been now engaged for many months past. It is esti-

mated that the cost of printing and publishing this Catalogue will

amount to .£100, an item which is accordingly included in the

Estimates for the current year. The Council recommend that no
farther action be taken with regard to the Museum, till this Cata-

logue has been placed in the hands of the Fellows.

On April 22nd, the Rev. J. F. Blake addressed a communication

to the Council referring to the ' Suggestions for Certain Improve-
ments, 1901,' which he had caused to be printed and issued to the

Fellows generally. The matters dealt with in the pamphlet have

been, for some time under the consideration of the Council, and
certain of them have been reserved for future deliberation.

One of the chief points dealt with was the present method of

election of the Council and the Officers. The Council desire to

point out that, at the time of the revision of the Bye-Laws in 1889,

the draft of the Bye- Laws as revised was submitted to Counsel and
approved by him ; but, without laying great stress on this point,

they think that before making any radical change in the method of

balloting, the following modifications of the usual practice should

be tried :
—

(«) Fellows should be invited to send in to the Secretaries before

January 1st in each year the names of any person or persons whom they

may desire to see placed on the Council, and the Council should carefully

consider all such names in making their recommendations to the Fellows at

the Annual General Meeting.
(b) That the names of those recommended for retirement by the

Council be printed in italics at the foot of the first column in the existing

form.

(c) That the names of those recommended for election by the Council

be printed in italics at the foot of the second column in the existing form.

The proposals b and c will be found embodied in the Balloting-

Lists sent out for the present Annual General Meeting.

With regard to some of the other matters raised in the Rev. J. F.

Blake's pamphlet,

(d) The Council do not recommend that questions should be allowed to

be put to the Secretaries at Ordinary General Meetings. It is always

open to any Fellow to address the Secretaries in writing on any point

concerning the Society, and due attention is always given to such commu-
nications.
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(e) They consider that the Report of the Council should only be taken

as read when a motion to that effect is carried nemine contradieente.

(/) They consider that it is within the province of any Fellow to ask at

the Annual General Meeting for a separate vote on any item of the

Estimates, subject to the approval of the Chairman.

(g) They do not consider it desirable that the scope of the Annual
General Meeting should be enlarged so as to encroach upon the functions

of Special General Meetings. They desire to call attention to the fact

that free comment on the affairs of the Society is provided for under Bye-

Laws, Section X, Article 20, and to recommend that the usual practice

should be followed in this respect.

The late Mr. Daniel Pidgeon, F.G.S., by his will dated March
17th, 1898, gave expression to the following wishes, leaving their

fulfilment to the discretion of Mrs. Pidgeon :

—

'First that she will give or bequeath One Thousand Pounds to the Council

of the Geological Society of London in trust for the creation of an Annual
Grant derivable from the interest on said One Thousand Pounds to be used at

the discretion of said Council in whatever way may in their opinion best pro-

mote Geological Original Research, their Grantees being in all cases not more
than 28 years of age.'

The testator died on March 13th, 1900, and Mrs. Pidgeon, having

decided on giving immediate effect to her husband's wishes, exe-

cuted a Deed, on January 6th of the present year, establishing

a Trust to be known as the Daniel Pidgeon Pund, and the sum of

One Thousand Pounds was placed by her solicitors at the Society's

disposal for the purpose of carrying out the provisions of the Trust.

The Council have drawn up a provisional scheme for the adminis-

tration of the aforesaid Trust, the particulars of which will be

announced in due course.

Attention having been drawn to the imperfection of the present

method of reporting the Discussions on papers read before the

Society, the Council have had the subject under their consideration,

and it is hoped that by giving to the Secretaries fuller discretion

a better result may be obtained. Por the future, the Secretaries

are empowered to report the remarks of a Pellow who does not

send in a written abstract, although such report is to be sub-

mitted to him for approval before publication.

The following Awards of Medals and Funds have been made by
the Council :

—

The Wollaston Medal is awarded to Dr. Priedrich Schmidt, in

recognition of the value of his researches concerning the mineral

structure of the earth, and more particularly for his contributions

to our knowledge of the Cambrian and Silurian Rocks and Fossils

of Esthonia aud Livonia and his geological exploration of Siberia.

The Murchison Medal, together with a sum of Ten Guineas from

the Murchison Geological Pund, is awarded to Mr. Prederic William

Harmer, in recognition of his numerous and valuable papers on the

Glacial and Pliocene Deposits of East Auglia.

This year it has been decided to award two Lyell Medals.

One of these Medals, together with a sum of Twenty-five Pounds
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from the Lyell Geological Fund, is awarded to Prof. Anton Fritsch,

in recognition of his contributions to the Pal-aeon tology of the

Palaeozoic Rocks of Bohemia.

The other Lyell Medal, together with a sum of Twenty-five Pounds
from the Lyell Geological Fund, is awarded to Mr. Richard Lydekker,

in recognition of his valuable additions to our knowledge of the

Palaeontology of the Vertebrata, especially in India and South

America.

The Balance of the Proceeds of the Wollaston Donation Fund is

awarded to Mr. Leonard James Spencer, in recognition of his services

to Mineralogy, and to encourage him in further research.

The Balance of the Proceeds of the Murchison Geological Fund
is awarded to Mr. Thomas H. Holland, as an acknowledgement of

his contributions to the study of the Rocks of British India, and to

assist him in further work.

The Balance of the Proceeds of the Lyell Geological Fund is

awarded to Dr. Wheelton Hind, in recognition of the value of his

researches among the Carboniferous Rocks of Great Britain, and to

stimulate him to further work.

A sum of Twenty-one Pounds from the Proceeds of the Barlow-
Jameson Fund is awarded to Mr. William Maynard Hutchings, in

recognition of his valuable contributions to Petrology, and to en-

courage him in further work.

Report of the Library and Museum Committee eor 1901.

The Additions made to the Library show no falling off, either

in number or interest, from the usual standard.

During 1901 the Library received by donation 186 Volumes of

separately published Works, 291 Pamphlets and detached Parts of

Works. 186 Volumes and 60 detached Parts of Serial Publications,

and 18 Volumes of Newspapers.

The total number of accessions to the Library by Donation is thus

seen to amount to 390 Volumes, 291 Pamphlets, and 60 detached

Parts.

The number of Maps, which have been presented by various

Donors, is also considerable. Without reckoning the 12 latest

published folios of the Geologic Atlas of the United States, 200
Sheets of Maps were received, 58 of which were Ordnance Survey

Maps.
Although the task of selection from among the numerous Dona-

tions mentioned in the foregoing paragraphs is necessarily difficult,

your Committee may perhaps be allowed to direct special attention

to the following :—The late Lady Prestwich's Essays, Descriptive

& Biographical (with a Memoir by her sister, Louisa E. Milne)

;

the late Prof. Lindstrom's ' Researches on the Visual Organs of the

Trilobites
;

: Mr. A. C. Seward's Catalogue of the Mesozoic Plants
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in the Natural History Museum ; the Geological Survey Memoir
on Central & Western Fife & Kinross-shire ; the late Sir J.

William Dawson's ' Fifty Years of Work in Canada'; Prof. A.
Issel's work on ' Bradyseismic Oscillations of the Earth's Crust,' and
35 other memoirs by the same author : Dr. F« L. Kitchin's mono-
graph of the Jurassic Brachiopoda of Cutch ; Mr. F. II. C. Eeed's

'Geological History of the Kivers of East Yorkshire'; Prof. A. G.

Nathorst's ' Two Summers amid the Arctic Ice ' ; the Egyptian

Geological Survey memoirs on the Dakhla Oasis and the Kharga
Oasis ; Part IV of Dr. A. Smith Woodward's Catalogue of the Eossil

Eishes in the Natural History Museum ; and Dr. J. C. Thresh's

Beport on the Water-Supply of the County of Essex. Moreover,

numerous publications were received from the Geological Survey

Departments of Canada, the various States of the Australian

Commonwealth, India, Mysore, Denmark, Sweden, Norway, Einland,

Bussia, Saxony, Hungary, Servia, Portugal, and Japan. The
wonted liberality of the United States Geological Survey was sup-

plemented by that of the Survey Departments of the various States,

such as Alabama, Arkansas, Indiana, Iowa, and Maryland. The In-

stitution of Mining & Metallurgy presented a complete set of their

Transactions, beautifully bound ; aud Dr. Henry Woodward &
Mr. Horace B. Woodward presented two copies (one framed) of their

Table of the British Strata.

Among the Maps, special interest attaches to Mr. J. E. Dunn's
gift of the first edition (1873) of his Geological Sketch-map of

Cape Colony. From the Geological Survey of Italy 11 Sheets of

Maps were received; from that of Japan, 14 Sheets; from that

of Rumania, 5 Sheets ; from that of Hesse, 4 Sheets ; and from

that of the United States (exclusive of the Geologic Atlas), 97
Sheets.

The Books and Maps enumerated above were the gift of 174
Personal Donors ; 111 Government Departments and other Public

Bodies ; and 180 Societies and Editors of Periodicals.

The Purchases made on the recommendation of the standing

Library Committee included 58 Volumes and 12 Parts of separately

published Works ; 20 Volumes and 8 Parts of works published

serially ; and 8 Sheets of Maps.

The total Expenditure incurred in connexion with the Library

during 1901 was as follows :

—

£ s. a.

Books, Periodicals, etc. purchased 56 10 11
Binding of Books and Mounting of Maps. . . . 129 11 2

o£186 2 1

The Society's Collection of Portraits of eminent Geologists has

been enriched by the following Donations :—A Framed Engraving

of Wollaston, presented by Dr. Henry Woodward ; and a Framed
Photographic Portrait of Sir Archibald Geikie, presented by himself.
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Museum.

No addition has been made to the Collections during the past

year, but great progress was made with the work of glazing the

drawers, no less than 814 being thus rendered fairly impervious to

dust, at a total cost of ,£26 12s. Id.

Eor the purpose of study and comparison the Collections wero
examined on 10 different occasions during the year, the contents of

about 50 drawers being thus examined.

The Eev. J. F. Blake was engaged on 46 days in the summer and
autumn in going through the Collections for the purposes of the

Catalogue which he has voluntarily undertaken to prepare. He
was assisted on several occasions in the course of this investigation

by Mr. W. P. D. Stebbing. The proposed Catalogue and other

matters connected with the Museum are referred to more fully in

the Council's Annual Keport.

The appended Lists contain the Names of Government Depart-

ments, Public Bodies, Societies, Editors, and Personal Donors, from
whom Donations to the Library have been received during the year

under review :

—

I. Government Departments and other. Public Bodies.

Alabama Geological Survey. University (Ala.).

American Museum of Natural History. New York.
Argentine Government.
Arkansas Geological Survey. Little Rock (Ark.).

Australian Museum. Sydney (N.S.W.).
Austria.—Kaiserlich-konigliche Geologische Reichsanstalt. Vienna.

. Kaiserlich-konigliehes Naturhistorisches Hofmuseum. Vienna.
Bavaria.—Koniglich Bayerisches Oberbergamt. Munich.
Belgium.—Academie Royale des Sciences, des Lettres & des Beaux-Arts de

Belgique. Brussels.

. Musee Royal d'Histoire Natuvelle. Brussels.
Berlin.—Konigliche Preussiscbe Akademie der Wissenscliaften.
Birmingham, University of.

Bohemia.—Royal Museum of Natural History. Prague.
British Guiana.—Department of Mines. Georgetown.
British South Africa Company; London.
Buenos Aires.—Museo Nacional.
California.—State Mining Bureau. San Francisco.
California University. Berkeley.
Cambridge (Mass.).—Museum of Comparative Zoology, Harvard College.
Canada.—Geological & Natural History Survey. Ottawa.
Chicago.—' Field ' Columbian Museum.
Christiania.—The University.
Denmark.—Danmarks Geologiske Undersogelse. Copenhagen.

. Kongelige Danske Videnskabernes Selskab. Copenhagen.
Dublin.—Royal Irish Academy.
Egypt.—Geological Survey. Cairo.

Finland.—Finlands Geologiska Undersokning. Helsingfors.
France.—Depot de la Marine. Paris.

. Ministere des Travaux Publics. Paris.

. Museum d'Histoire Naturelle. Paris.
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Germany.—Kaiserliche Leopoldinisch-Carolinische Deutsche Akademie der

Naturforscher. Halle.

Great Britain.—Army Medical Department. London.
-. British Museum (Natural History). London.
. Colonial Office. London.
. Geological Survey. London.
. Home Office. London.
. India Office. London.
. Ordnance Survey. Southampton.

Holland.—Departement van Kolonien. The Hague.
Hungary.—Konigliche Ungarische Geologische Anstalt (Magyar Foldtani

Tarsulat). Budapest.
India.—Geological Survey. Calcutta.

. Indian Museum. Calcutta.

Indiana.—Department of Geology. Indianapolis (Ind.).

Iowa Geological Survey. Des Moines (Iowa).

Italy.—Reale Comitate Geologico. Rome.
Japan, Earthquake Investigation Committee. Tokio.

. Geological Survey. Tokio.

Jassy, University of.

Kingston (Canada).-—Queen's College.

La Plata, University of.

La Plata Museum. La Plata.

London.—City of London College.
. Royal College of Surgeons.
. University College.

Maryland Geological Survey. Baltimore (Mil.).

Mexico.—Institute Geologico. Mexico City.

Michigan College of Miues. Houghton (Mich.).

Michigan Geological Survey. Lansing (Mich.).

Minnesota.—Geological & Natural History Survey. Minneapolis (Minn.).

.Missouri.—Geological Survey. Jefferson City (Mo.).

Munich.—Konigliche Bayerische Akademie tier Wissenschaften.
Mysore Geological Department. Bangalore.

New Jersey Geological Survey. Trenton (N.J.).

New South Wales.—Agent-General for, London.
. Department of Lands. Sj'dney.

. Department of Mines & Agriculture. Sydney.

. Geological Survey. Sydney.
New York Museum. Albany (N.Y.).

New Zealand.—Department of Mines. Wellington.
Norway.-—Meteorological Department. Christiania.

Paris.—Acade-mie des Sciences.

Perak Government. Taiping.

Pisa.—Ro3'al University.

Portugal.—Commissao dos Trahalhos geologicos. Lisbon.

Prussia.—Ministerium fur Handel & Gewerbe. Berlin.

. Konigliche Preussische Geologische Landesanstalt. Berlin.

Queensland.—Agent-General for, London.
. Department of Mines. Brisbane.
. Geological Survey. Brisbane.

Redruth School of Mines.
Rome.—Reale Accademia dei Lincei.

Rumania.—Museum of Geology & Palaeontology. Bucharest.

Russia.—Comite Geologique. St. Petersburg.
•—— . Section Geologique du Cabinet de S.M. l'Empereur. St. Petersburg.

Saxony, Geological Survey of. Leipzig.

South Australia.—Agent-General for, London.
. Government Geologist. Adelaide.

Spain.—Comision del Mapa Geologico. Madrid.

St. Petersburg.—Academie Imperiale des Sciences.

Stockholm.—Kongliga Svenska Vetenskaps Akademi.
Sweden.—Sveriges Geologiska Undersokning. Stockholm.
Tiflis.—Kaukasisches Museum.
Tokio.—Imperial University.

-. College of Science.

Toronto, University of.

Tufts College (Mass.).
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Turin.—Eeale Accademia delle Scienze.

. Regio Museo Industriale Italiano.

United States Geological Survey. Washington (D.C.).

. Department of Agriculture. Washington (D.C.).

. National Museum. Washington (D.C.).

Upsala University.
. Mineralogical & Geological Institute.

Victoria (Austr.).—Agent-General for, London.
( ). Department of Mines, Melbourne.

Vienna.—Kaiserliche Akademie der Wissenschaften.

Washington (D.C.).—Smithsonian Institution.

Western Australia,—Agent-General for, London.
. Department of Mines. Perth.
. Geological Survey. Perth.

Wisconsin.—Geological & Natural History Survey. Madison (Wise).

ft

II. Societies and Editors.

Adelaide.—Royal Society of South Australia.

Alnwick.—Berwickshire Naturalists' Club.

Auckland (N.Z.).—New Zealand Institute of Mining Engineers.

Bahia.—Institute Geographico & Historico.

Barnsley.—Midland Institute of Mining, Civil, & Mechanical Engineers.

Basel.—Naturforschende Gesellschaft.

Bath.—Natural History & Antiquarian Field Club.

Belfast.—Natural History & Philosophical Society.

Belgrade.— ' Amiales geologiques de la Peninsule balkanique.'

Berlin.—Deutsche Geologische Gesellschaft.

. Gesellschaft Naturforschender Freunde.

. ' Zeitschrift fur Praktische Geologic'
Bern .—Schweizerische Naturforschende Gesellschaft.

Bishop Auckland.—Wearside Naturalists' Field Club.

Bomba\r Branch of the Ro3'al Asiatic Society.

Bordeaux.—Societe Linneenne.
Boston Society of Natural History.

Boston (Mass.).—American Academy of Arts & Sciences.

Brunswick.—Verein fur Naturwissenschaft zu Braunschweig.
Brussels.—Societe Beige de Geologie, de Paleontologie & d'Hydrologie.

-. Societe Malacologique de Belgique.

Budapest.—Foldtani Kozlony (Geological Magazine).

Buenos Aires.—Institute Geografico Argentine
. Sociedad Cientifica Argentina.

Calcutta.
—

' Indian Engineering.'
. Asiatic Society of Bengal.

Cambridge.—Philosophical Societ5\

Cape Town.—South African Philosophical Society.

Cardiff.—South Wales Institute of Engineers.
Chicago.—Academy of Sciences.

. ' Journal of Geology.'

Christiania.—' Nyt Magazin for Naturvidenskaberne.'
Cincinnati Society of Natural History.
Colombo.—Ceylon Branch of the Royal Asiatic Society.

Colorado Springs.—' Colorado College Studies.'

Copenhagen.—Dansk Geologisk Forening.
C6rdoba (Argentine Republic).—Academia Nacional de Ciencias.

Cracow.—Academie des Sciences (Akademia Umiejetnosci).
Croydon Microscopical & Natural History Club.
Darmstadt.—Verein fur Erdkunde.
Davenport (Towa).—Academy of Natural Sciences.

Denver (Colo.).—Colorado Scientific Society.

Dijon.—Academie des Sciences.

Dorpat.—Naturforschende Gesellschaft.

Douglas.—Isle of Man Natural History & Antiquarian Societ}\

Dresden.—Naturwissenschaftliche Gesellschaft.

Dublin.—Royal Dublin Society.

Edinburgh.—Geological Society.
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Edinburgh.—Royal Physical Society.
. Royal Scottish Geographical Society.

. Royal Society.

. Scottish Natural History Society.

Ekaterinburg.—Societe Ouralienne d'Amateurs des Sciences Naturelles.

Frankfurt am Main.—Senckenbergische Naturforschende Gesellschaft.

Freiburg im Breisgau.—Naturforschende Gesellschaft.

Geneva.—Societe Physique & d'Histoire Naturelle.

Giessen.—Oberhessische Gesellschaft fur Natur- & Heilkunde.

Glasgow.—Geological Society.

Gratz.—Naturwissenschafclicher Verein fiir Steiermark.

Haarlem.—Societe Hollandaise des Sciences.

Halifax (N.S.).—Nova Scotian Institute of Science.

Hamilton (Canada).—Hamilton Association.

Hampstead Scientific Society.

Hereford.—Woolhope Naturalists' Field Club.

Hermannstadt.—Siebenbiirgischer Verein fiir Naturwissenschaften.
Hertford.—Hertfordshire Natural History Society.

Hull Scientific & Naturalists' Club.
Indianapolis.—Indiana Academy of Science.

Kiev.—Societe des Naturalistes.

Lausanne.—Societe Vaudoise des Sciences Naturelles.

Lawrence.— ' Kansas University Quarterly.'

Leeds.—Yorkshire Geological & Polytechnic Society.

Leicester Literary & Philosophical Society.

Leipzig.—' Zeitschrift fur Krystallographie & Mineralogie.'

Liege.—Societe Geologique de Belgique.
. Societe Royale des Sciences.

Lille.—Societe Geologique du Nord.
Lima.—" Revista de Cieneias.'

Lisbon.—Sociedade de Geographia.
Liverpool Geological Society.

London.—' Academy.'
. ' Athenaeum.'
. British Association for the Advancement of Science.

. British Association of Waterworks Engineers.

. "Chemical News.'

. Chemical Society.

. ' Colliery Guardian.'

. Eastrlndia Association.

. 'Geological Magazine.'

. Geologists' Association.

. Institution of Civil Engineers.

. Institution of Mining & Metallurgy.

. Iron & Steel Institute.

. ' Iron & Steel Trades' Journal.'

. ' Knowledge.'

. Linnean Society.

. ' London
;
Edinburgh, & Dublin Philosophical Magazine.'

. Mineralogical Society.

. ' Nature.'

. Paheontographical Society.

. ' Quarry.'

. Ray Society.

. Royal Agricultural Society.

. Royal Astronomical Society.
•

•. Royal Geographical Society.

. Royal Institution.

. Royal Meteorological Society.

. Roj'al Microscopical Society.—- Royal Photographic Society of Great Britain.

. Royal Society.

. Society of Arts.

. Society of Biblical Archaeology.

. Society of Public Analysts.

. Victoria Institute.

. ' Water.'

. Zoological Societv.
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Madison.—Wisconsin Academy of Sciences.

Manchester Geological Society.

. Literary & Philosophical Society.

Mexico.—Sociedad Cientitica ' Antonio Alzate.'

Milan.—Reale Istituto Lombardo di Scienze & Lettere.

Montreal.—Natural History Society.

Moscow.—Societe Imperiale des Naturalistes.

Nancy.—Academie de -Stanislas.

New Haven (Conn.).
—'American Journal of Science.'

. Connecticut Academy of Sciences.

New York.—Academy of Sciences.

. American Institute of Mining Engineers.

. Brooklyn Institute of Arts & Sciences.

Newcastle-upon-Tyne.—Institution of Mining Engineers.
. North of England Institute of Mining & Mechanical Engineers.

Northampton.—Northamptonshire Natural History Society.

Niirnberg.—Naturhistorische Gesellschaft.

Ottawa.—Royal Society of Canada.
Padua.—Reale Accademia di Scienze, Lettere & Arti.

Paris.
—

' Revue Scientifique.'

. Societe Francaise de Mineralogie.

. Societe Geologique de Prance.

. ' Spelunca.'

Penzance.—Royal Geological Society of Cornwall.

Perth.—Perthshire Society of Natural Science.

Philadelphia.—Academy of Natural Sciences.

. American Philosophical Society.

. Wagner Free Institute of Science.

Pisa.—Societa Toscana di Scienze Naturali.

Plymouth.—Devonshire Association for the Advancement of Science.

Portland (Me.).—Society of Natural History.

Rennes.—Societe Scientifique & Medicale de l'Ouest.

Rochester (N.Y.).—Geological Society of America.
Rome.—Societa Geologica Italiana. %

Rugby School Natural History Society.

Salem (Mass.).—Essex Institute.

Santiago de Chile.—Deutscher Wissenschaftlichcr Verein.
-—

-. Sociedad Nacional de Mineria.
. Societe Scientifique du Chili.

Scranton (Pa.).
—

' Mines & Minerals.'

Spezia.—Societa Gerolamo Guidoni.

St. John (N.B.).—Natural History Society of New Brunswick.
St. Petersburg.—Russische Kaiserliche Mineralogische Gesellschaft.

Stockholm.—Geologiska Forening.

Stuttgart.—' Centralblatt fur Mineralogie, Geologie & Palaontologie.'
. ' Neues Jahrbuch fur Mineralogie, Geologie & Palaontologie.'
. Verein fur Vaterlandische Naturkunde in Wurttemberg.
. ' Zeitschrift fur Naturwissenschaften.'

Sydney (N.S.W.).—Australasian Association for the Advancement of Science.
. Australasian Institute of Mining Engineers.
. Linnean Society of New South Wales.
. Royal Society of New South Wales.

Topeka (Kan.).—Kansas Academy of Sciences.

Toronto.—Canadian Institute.

Toulouse.—Societe d'Histoire Naturelle.

Truro.—Royal Institution of Cornwall.
Vienna.— ' Berg;- & Hiittenmannisches Jahrbuch.'

. Kaiserlich-Konigliche Zoologisch-Botanische Gesellschaft.

Washington (D.C.).—Academy of Sciences.
. Biological Society.

. Philosophical Society.

Wellington (N.Z.).—New Zealand Institute.

Wiesbaden.—Nassauischer Verein fur Naturkunde.
York.—Yorkshire Philosophical Society.
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III. Personal Donors.

Abel, O.

Ahlenius, K.
Allen, H. A.
Allen, R.
Ameghino, F.

Ami, H. M.
Andrews, C. W.

Ball, J.

Baltzer, A.
Bauermau, H.
Beadnell, H. J. L.

Becker, G. F.
Belinfante, L. L.
Bennett, F. J.

Bielavski, J. B. M.
Birge, E. A.
Blatchlv, W. S. •

Blanford, W. T.

Boehm, A.
Bonney, T. G.
Branner, J. C.

Brown, H. Y. L.
Brown, ,T.

Bullen, Rev.R.A.
Burckhardt, C.

Choffat, P.

Clark, W. B.

Claypole,E.W. (the late).

Clinch, G.
Coghlan, T. A.
Cole, G.W.
Collins, J. H.
Cooin&ra-Swamy, A. K.
Cornish, V.
Crane, Miss A.
Credner, H.
Crick, G. C.

Dawson, G. M. (the late).

Dawson, R.
Dieseldorff, A.

Dollfus, G. F.

Doyle, P.

Dunn, E. J.

Ekholm, N.
Elsden, J.V.
Emmons, S. F.

Fisher, Rev. O.
Forster, A. E.

Foster, C. Le N.
Francis, W.
Frick, J.

Galton, F.

Geer, G. de.

Girardot, A.
Gosselet, J

.

Gray, C. J.

Green well, A.
Gresley, W. S.

Groom, T. T.

Habershon, M. H.
Hamberg, A.
Hanks, H. G.
Harle, E.
Harmer, F. W.
Harris, G.
Hauthal, R.
Hawell, J.

Hayden, H.
Hayden, H.E.
Herbertson, A. J.

Hill, E.

Hobson, B.
Hoegbom, A. G.
Holland, T. II

.

Hollender, A.
Holmes, T. V.
Howard, F. T.

Hume, W. F.

Issel, A.

Jackson, B. I).

Jenny, F.
Jones, T. R.

I Kalecsinski, A. von.

Kerforne, F.

! Keyes, C. R.
Knenunel, H. 15.

Lambe, L. M.
Lapparent, A. de.

Lebedev, N. I.

Lebesconte, P.

Lebour, G. A.
Liebisch, T.

Lindgren, W.
Lindstrom, G. (the late).

Lobley, J. L.
Loriol, P. de.

Lonis, H.
Lyman, B. S.

Maclaren, J. M.
Maclehose, J.

Malfatte, P.

Mansel-Pleyclell, J. C.

Martin, E. A.
Matosch, A.
Meli, R.
Merrill, G. P.

Milne, Miss L. E.
Mojsisovics, E. von.

Monckton, H. W.
Moreno, F. P.

Morton, Miss.

Mullner, J.

Mnret, E.

Murray, Sir John.

Nsegele, E.
Xares, Sir George S.

Xathorst, A. G.
Newton, E. T.

Nordenskiold, O.

Omboni, G.

Parkinson, J.

Pavlow, A. P.
Penck, A.
Perkins, H. I.

Peroche, J.

Pittman, E. F.
Piatt, S. S.

Pratt, J. H.

Rabot, C.

Ramond, G.
Raulin, V.
Reade, T. M.
Reed, F. R. C.

!
Renevier, E.
Richtcr, E.
Richthofen, Baron F.

von.

Rigaux, E.
Rowe, A. W.

i Sacco, F.

Sarasin, C.

Sawyer, A. R.
Schardt, H.
Schwarz, E. H. L.
Seeley, H. G.
Sheppard, T.
Sherborn, C. I).

Small, E. W.
Smeeth, W. F.

Smyth, B. B.
Somervail, A.
Spurr, J. E.
Stache, G.
Stebbing, W. P. I).

Stirling, J.

Stobbs, J. T.

Thomann, P.

Thresh, J. C.

Thurean, G.
Tietze, E.

Tcerncpiist, S. L.

Tornqnist, A.
Trechmann, C. 0.

Van Hise, C. R,
A'esterberg, A.
Yinassa de Regnj', P.

Walker, B. E.
Watts, W. W.
Wellbnrn, E. D.
Westlake, E.

Whitaker, W.
Winchell, N. H.
Woodward, H.
Woodward, H. B.

Zeiller, R.
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Comparative Statement of the Number oe the Society at the

Close op the Years 1900 and 1901.

Dec. 31st, 1900. Dec. 31st, 190L

Compounders 283 285
Contributing Fellows 924 924
Non-contributing Fellows . . 48 42

1255 1251
Foreign Members 40 40
Foreign Correspondents .... 39 38

1334 1329

Comparative Statement, explanatory of the Alterations in the Number
of Fellows, Foreign Members, and Foreign Correspondents at the

close of the years 1900 and 1901.

Number of Compounders, Contributing and Non- ] 19-c
contributing Fellows, December 31st, 1900 . . f

Add Fellows elected during the former year and
\ 1

^
paid in 1900

J

Lt

Add Fellows elected and paid in 1900 . . . . 34

1306
Deduct Compounders deceased 5

Contributing Fellows deceased 25
Non-contributing Fellows deceased 6

Contributing Fellows resigned 13
Contributing Fellows removed 6

00

1251
Number of Foreign Members and Foreign ) ^„

Correspondents, December 31st, 1900 . . . . }
Deduct Foreign Members deceased 2

Foreign Correspondents elected
) 9

Foreign Members
J — 4

75

Add Foreign Members elected 2

Foreign Correspondent elected .... 1

— 3
— 78

1329
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Blake, J. H., Esq.

Edwards, T., Esq.

Johnson, D., Esq.

Deceased Eellows

Compounders (5).

Keader, G. P., Esq.

Tate, Prof. E.

Resident and other Contributing Fellows (25).

Black, C, Esq.

Bott, A., Esq.

Boyle, A. E., Esq.

Browne, A. E., Esq.

Claypole, Dr. E. W.
Crane. E., Esq.

Dawson, Dr. G. M.
Dixon, J., Esq.

Eunson, H. J., Esq.

Evans, J. J., Esq.

Eorster, G. B., Esq.

Haider, A. H., Esq.

Henry, L. C, Esq.

i Hodgson, Eev. J.

Jeffcock, T. W., Esq.

Kirby, C, Esq.

Lewis, H., Esq.

|

Manson, R. T., Esq.

|

Nelson, Eev. G. H.
Rothwell, E. P., Esq.

|

Saunders, Sir E.

Schvarcz, Prof. J.

Shipman, J., Esq.

! WardelL E. N., Esq.

Williams, A., Esq.

Beardsley, A., Esq.

Mathews, W., Esq.

Paull, J. M., Esq.

Non-contributing Fellows (6).

Powrie, J., Esq.

Eidsdale, E. L. J., Esq.

Saxton, Maj.-Gen. G. H.

Deceased Foreign Members (2).

Lindstrorn, Prof. G.
|

JSordenskiold, Baron A. E.

Fellows Resigned (13).

Bates, Rev. J. C.

Chadwick, S., Esq.

Colville, H. K., Esq.

Draper, D., Esq.

Gardiner, H. J., Esq.

Lapage, E. H., Esq.

Leverson, Lt.-Col. J. J.

Merritt, W. H., Esq.

Regester, W., Esq.

Rollo, Lord.

Sessions, W., Esq.

Symes, R. G., Esq.

Whitty, I. J., Esq.
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Fellows Removed (6).

East, J. J., Esq.

Fawns, S., Esq.

Foote, J". A., Esq.

Kilgour, G., Esq.

Markes, J. F., Esq.

Thomas, W., Esq.

The following Personages were elected Foreign Members during the

year 1901 :—

Dr. Alexander Petrovich Karpinsky, of St. Petersburg.

Prof. Alfred Lacroix, of Paris.

The following Personage was elected a Foreign Correspondent during

the year 1901 :

—

Prof. Friedrick Joharm Becke, of Vienna.

After the Reports had been read, it was resolved :

—

That they be received and entered on the Minutes of the Meeting,

and that such parts of them as the Council shall think fit be printed

and circulated among the Fellows.

It was afterwards resolved:

—

That the thanks of the Society be given to Mr. J. J. H. Teall,

retiring from the office of President.

That the thanks of the Society be given to Mr. H. W. Monckton
and Mr. W. Whitaker, retiring from the office of Vice-President.

That the thanks of the Society be given to Mr. William Hill,

Prof. J. W. Judd, Mr. H. W. Monckton, Mr. F. W. Rudler, Mr. W.
Whitaker, and Mr. H. B. Woodward, retiring from the Council.

After the Balloting-glasses had been closed, and the Lists examined
by the Scrutineers, the following gentlemen were -declared to

have been duly elected as the Officers and Council for the ensuing

year :

—

vol. lviii. d
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OFFICERS AND COUNCIL.—1902.

PRESIDENT.

Prof. Charles Lapworth, LL.D., F.E.S.

VICE-PRESIDENTS.

Sir Archibald Geikie, D.Sc., D.C.L., LL.D., F.E.S. L. & E.

J. E. Marr, Esq., M.A., F.E.S.

Prof. H. A. Miers, M.A., F.E.S.

Prof. H. G. Seeley, F.E.S., F.L.S.

SECRETARIES.

E. S. Herries, Esq., M.A.
Prof. W. W. Watts, M.A.

FOREIGN SECRETARY.

Sir John Evans, K.C.B., D.C.L., LL.D., F.E.S., F.L.S.

TREASURER.

W. T. Blanford, LL.D., F.E.S.

COUNCIL.

F. A. Bather, M.A., D.Sc.

W. T. Blanford, LL.D., F.E.S.

Sir John Evans, K.C.B., D.C.L.,

LL.D., F.E.S.

Prof. E. J. Garwood, M.A.
Sir Archibald Geikie, D.Sc, D.C.L.,

LL.D., F.E.S. L.&E.
Prof. T. T. Groom, M.A., D.Sc.

Alfred Harker, Esq., M.A.
E. S. Herries, Esq., M.A.
W. H. Hudleston, Esq., M.A., F.E.S.,

F.L.S.

Prof. Charles Lapworth, LL.D.,

F.E.S.

Lieut. - General C. A. McMahon,
F.E.S.

J. E. Marr, Esq., M.A., F.E.S.

Prof. H. A. Miers, M.A., F.E.S.
Eight Eev. John Mitchinson, D.D.,

D.C.L.

E. T. Newton, Esq., F.E.S.

G. T. Prior, Esq., M.A.
Dukinfield H. Scott, M.A., Ph.D.,

F.E.S., F.L.S.

Prof. H. G. Seeley, F.E.S., F.L.S.

Prof. W. J. Sollas, M.A., D.Sc,
LL.D., F.E.S.

Arthur Sopwith, Esq., M. Inst. CJE.

J. J. H. Teall, Esq., M.A., F.E.S.

Prof. W. W. Watts, M.A.
Henry Woodward, LL.D., F.E.S.
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LIST OF

THE FOREIGN MEMBERS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1901.

Date of
Election.

1874. Prof. Albert Gaudry, Paris.

1877. Prof. Eduard Suess, Vienna.

1880. Prof. Gustave Dewalque, Liege.

1880. Baron Adolf Erik Nordenskiold,

.

Stockholm. {Deceased?)

1880. Prof. Ferdinand Zirkel, Leipzig.

1884. Cominendatore Prof. G. Capellini, Bologna.

1885. Prof. Jules Gosselet, Lille.

1886. Prof. Gustav Tsckermak, Vienna.

1887. Prof. J. P. Lesley, Philadelphia, Pa., U.S.A.
1888. Prof. Eugene Renevier, Lausanne.
1888. Baron Ferdinand von Richthofen, Berlin.

1889. Prof. Ferdinand Fouque, Paris.

1889. Gekeimrath Prof. Karl Alfred von Zittel, Munich.
1890. Prof. Heinrick Rosenbusch, Heidelberg.

1891. Prof. Charles Barrois, Lille.

1892. Prof. Gustav Lindstrom, Stockholm. (Deceased.)

1893. Prof. Waldemar Christofer Brogger, Christiania.

1893. M. Auguste Michel-Levy, Paris.

1893. Dr. Edmund Mojsisovics von Mojsvar, Vienna.
1893. Dr. Alfred Gabriel Nathorst, Stockholm.

1894. Prof. George J. Brush, New Haven, Conn., U.S.A.
1894. Prof. Edward Salisbury Dana, New Haven, Conn., U.S.A.
1894. Prof. Alphonse Renard, Ghent.

1895. Prof. Grove Karl Gilbert, Washington, D.C., U.S.A.
1895. Dr. Friedrich Schmidt, St. Petersburg.

1896. Prof. Albert Heim, Zurich.

1897. M. E. Dupont, Brussels.

1897. Dr. Anton Fritsch, Prague.
1897. Prof. Albert de Lapparent, Paris.

1897. Dr. Hans Reusch, Christiania.

1898. Geheimrath Prof. Hermann Credner, Leipzig.

1898. Mr. Charles Doolittle Walcott, Washington, B.C., U.S.A.
1899. Prof. Marcel Bertrand, Paris.

1899. Senhor Joaquim Felipe Nery Delgado, Lisbon.

1899. Prof. Emmanuel Kayser, Marburg.
1899. M. Ernest Van den Broeck, Brussels.

1899. Dr. Charles Abiathar White, Washington, D.C., U.S.A.
1900. M. Gustave F. Dollfus, Paris.

]900. Prof. Paul Groth, Munich.
1900. Dr. Sven Leonhard Tornquist, Lund.
1901. Dr. Alexander Petrovich Karpinsky, St. Petersburg.

1901. Prof. Alfred Lacroix, Paris.

d2
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LIST OF

THE FOREIGN CORRESPONDENTS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1901.

Date of
Election.

1866. Prof. Victor Raulin, Montfaucon cVAryonne.

1874. Prof. Igino Cocchi, Florence.

1879. Dr. Emile Sauvage, Boulogne-sur-Mer.

1889. M. R. D. M. Verbeek, Buitenzorg, Java.

1890. Herr Felix Karrer, Vienna.

1890. Prof. Adolpli von Kcenen, Gottingen.

1892. Prof. Johann Lelimann, Kiel.

1892. Major Jolm W.Powell, Washington, B.C., U.S.A.

1893. Prof. Alexis Pavlow, Moscow.

1893. M. Ed. Rigaux, Boulogne-sur-Mer

.

1894. Prof. Joseph Paxson Iddings, Chicago, III., U.S.A.

1894. M. Perceval de Loriol-Lefort, Canipagne Frontemex.

1894. Dr. Francisco P. Moreno, La Plata.

1894. Prof. August Rothpletz, Munich.

1894. Pro!*. J. H. L. Vogt, Christ iania.

1895. Prof. Konstantin de KroustchofF, St. Petersburg.

1895. Prof. Albreclit Penck, Vienna.

1896. Prof. S. L. Penfield, New Haven, Conn., U.S.A.

1896. Prof. Johannes Walther, Jena.

1897. M. Louis Dollo, Brussels.

1897. Mr. Alpheus Hyatt, Cambridge, Mass., U.S.A. (Deceased.)

1897. Prof. Anton Koch, Budapest.

1897. M. Emmanuel de Margerie, Paris.

1897. Prof. Count H. zu Solms-Laubaeh, Strasburg.

1898. M. Marcellin Boule, Paris.

1898. Dr. W. H. Dall, Washington, B.C., U.S.A.

1899. Prof. Charles Emerson Beecher, New Haven, Conn., U.S.A.

1899. Dr. Gerhard Holm, Stockholm.

1899. Prof. Theodor Liebisch, Gottingen.

1899. Prof. Franz Loevvinson-Lessing, Dorpat.

1899. M. Michel F. Mourlon, Brussels.

1899. Prof. Henry Fairfield Osborn, New York. U.S.A.

1899. Prof. Gregorio Stefanescu, Bucharest.

1899. Prof. Rene" Zeiller, Paris.

1900. Prof. Arturo Issel, Genoa.

1900. Prof. Ernst Koken, Tubingen.

1900. Prof. Federico Sacco, Turin.

1901. Prof. Friedrieh Johann Becke. Vicuna.
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AWARDS OF THE WOLLASTON MEDAL

ESTABLISHED BY

WILLIAM HYDE WOLLASTON, M.D., F.E.S., F.G.S., etc.

' To promote researches concerning the mineral structure of the earth, and to

enable the Council of the Geological Society to reward those individuals of any

country by whom such researches may hereafter be made,'— ' such individual not

being a Member of the Council.'

Mr. G. Poulott Scrope.

Prof. Carl F. Naumann.
Dr. Henry C. Sorby.

Prof. G. P. Deshayes.

Sir Andrew Ramsay.

Prof. James D. Dana.

Sir P. de M. Grey Egerton.

Prof. Oswald Heer.

Prof. L. G. de Koninck.

Prof. Thomas H. Huxley.

Mr. Robert Mallet.

Dr. Thomas Wright.

Prof. Bernhard Studer.

Prof. Auguste Daubree.

Prof. P. Martin Duncan.

Dr. Franz Ritter von Hauer.

Dr. W. T. Blanford.

Prof. Albert Gaudry.

Mr. George Busk.

Prof. A.L.O. Des Cloizeaux.

Mr. J. Whitaker Hulke.

Mr. H. B. Medlicott.

Prof. Thomas G. Bonney,

Prof. W. C. Williamson.

Prof. John W. Judd.

Baron Ferdinand von

Richthofen.

Prof. Nevil S. Maskelyne.

Prof. Karl Alfred von Zittel.

Sir Archibald Geikie.

Prof. Eduard Suess.

Mr. Wilfrid H. Hudleston.

Prof. Ferdinand Zirkel.

, Prof. Charles Lapworth.

, Prof. Grove K. Gilbert.

, Prof. Charles Barrois.

, Dr. Friedrich Schmidt.

1831. Mr. William Smith. 1867.

1835. Dr. G. A. Mantell. 1868.

1836. M. Louis Agassiz. 1869.

1837.
iCapt. T. PrCautley.

( Dr. H. Falconer.

1870.

1871.

1838. Sir Richard Owen. 1872.

1839. Prof. C. G. Ehrenberg. 1873.

1840. Prof. A. H. Dumont. 1874.

1841. M. Adolphe T. Brongniart. 1875.

1842. Baron L. von Buch. 1876.

1843.
I M. £lie de Beaumont.

1 M. P. A. Dufrenoy.

1877.

1878.

1844. Rev. W. D. Conybeare. 1879.

1845. Prof. John Phillips. 1880.

1846. Mr. William Lonsdale. 1881.

1847. Dr. Ami Boue. 1882.

1848. Very Rev. W. Buckland. 1883.

1849. Sir Joseph Prestwich. 1884.

1850. Mr. William Hopkins. 1885.

1851. Rev. Prof. A. Sedgwick. 1886.

1852. Dr. W. H. Fitton. 1887.

1853.
1 M. le Vicomte A. d'Archiac.

1 M. E. de Verneuil.

1888.

1889.

1854. Sir Richard Griffith. 1890.

1855. Sir Henry De la Beche. 1891.

1856. Sir William Logan. 1892.

1857. M. Joachim Barrande.

j Herr Hermann von Meyer. 1893.
1858.

I Prof. James Hall. 1894.

1859. Mr. Charles Darwin. 1895.

1860. Mr. Searles V.Wood. 1896.

1861. Prof. Dr. H. G. Bronn. 1897.

1862. Mr. R. A. 0. Godwin-Austen. ! 1898.

1863. Prof. Gustav Bischof.
i 1899.

1864 Sir Roderick Murchison. \ 1900.

1865 Dr. Thomas Davidson.
!

1901.

1866. Sir Charles Lvell. 1902.
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AWAEDS

OF THE

BALANCE OF THE PROCEEDS OF THE WOLLASTON

'DONATION FUND.'

1831. Mr. William Smith.

1833. Mr. William Lonsdale.

1834. M. Louis Agassiz.

1835. Dr. G. A. Mantell.

1836. Prof. G. P. Deshayes.

1838. Sir Richard Owen.

1839. Prof. C. G. Ehrenberg.

1840. Mr. J. De Carle Sowerby.

1841. Prof. Edward Forbes.

1842. Prof. John Morris.

1843. Prof. John Morris.

1844. Mr. William Lonsdale.

1845. Mr. Geddes Bain.

1840. Mr. William Lonsdale.

1847. M. Alcide d'Orbigny.

3
Cape-of-Good-Hope Fossils.

1848
'

) M. Alcide d'Orbigny.

1849. Mr. William Lonsdale.

1850. Prof. John Morris.

1851. M. Joachim Barrande.

1852. Prof. John Morris.

1853. Prof. L. G. de Koninck.

1854. Dr. S. P. Woodward.
1855. Drs. G. and F. Sandberger.

1856. Prof. G. P. Deshayes.

1857. Dr. S. P. Woodward.
1858. Prof. James Hall.

1859. Mr. Charles Peach.

jProf. T. Rupert Jones.
1860. JMr.w.K. Parker.

1861. Prof. Auguste Daubree.

1862. Prof. Oswald Heer.

1863. Prof. Ferdinand Senft.

1864. Prof. G. P. Deshayes.

1865. Mr. J. W. Salter.

1866. Dr. Henrv Woodward.
1867. Mr. W. H. Baily.

1868. M. J. Bosquet.

1869. Mr. William Carruthers.

1870. M. Marie Rouault.

1871. Mr. Robert Etheridge.

1872. Dr. James Croll.

1873. Prof. John W. Judd.

1874. Dr. Henri Nyst.

1875. Prof. L. C. Miall.

1876. Prof. Giuseppe Seguenza.

1877. Mr. R. Etheridge, Jun.

1878. Prof. William J. Sollas.

1879. Mr. Samuel Allport.

1880. Mr. Thomas Davies.

1881. Dr. Ramsay H. Traquair.

1882. Dr. George J. Hinde.

1883. Prof. John Milne.

1884. Mr. E. Tulley Newton.

1885. Dr. Charles Callaway.

1886. Mr. J. Starkie Gardner.

1887. Mr. Benjamin N. Peach.

1888. Mr. John Home.
1889. Dr. A. Smith Woodward.
1890. Mr. W. A. E. Ussher.

1891. Mr. Richard Lydekker.

1892. Mr. Orville A. Derby.

1893. Mr. John G. Goodchild.

1894. Mr. Aubrey Strahan.

1895. Prof. W. W. Watts.

1896. Mr. Alfred Harker.

1897. Dr. Francis A. Bather.

1898. Prof. E. J. Garwood.

1899. Prof. J. B. Harrison.

1900. Mr. George T. Prior.

1901. Mr. Arthur W. Rowe.
1902. Mr. Leonard J. Spencer.
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AWARDS OF THE MURCHISOM MEDAL

UNDER, THE CONDITIONS OF THE

'MURCHISON GEOLOGICAL FUND/

ESTABLISHED UNDER THE WILL OF THE LATE

SIR RODERICK IMPEY MURCHISON, Bart., F.R.S., F.G.S.

' To be applied in every consecutive year in such manner as the Council of the

Society may deem most useful in advancing Geological Science, whether by
granting sums of money to travellers in pursuit of knowledge, to authors of

memoirs, or to persons actually employed in any enquiries bearing uponfthe

science of Geology, or in rewarding any such travellers, authors, or other persons,

and the Medal to be given to some person to whom such Council shallj grant

any sum of money or recompense in respect of Geological Science.'

1873. Mr. William Davies.

1874. Dr. J. J. Bigsby.

1875. Mr.W.J.Henwood.
1876. Mr. Alfred R. C. Selwyn.

1877. Rev. W. B. Clarke.

1878. Prof. Hnims Bruno Geinitz.

1879. Sir Frederick M'Coy.

1880. Mr. Robert Etheridge.

1881. Sir Archibald Geikie.

1882. Prof. Jules Gosselet.

1883. Prof. H. R. Goeppert.

1884. Dr. Henry Woodward.

1885. Dr. Ferdinand von Roemer.

1886. Mr. William Whitaker.

1887. Rev. Peter B. Brodie.

1888. Prof. J. S. Newberrv.

1889.

1890.

1891.

1892.

1893.

1894.

1895.

1896.

1897.

1898.

1899.

1900.

1901.

1902.

Prof. James Geikie.

Prof. Edward Hull.

Prof. W. C. Brogger.

Prof. A. H. Green.

Rev. Osmond Fisher.

Mr. William T. Aveiine.

Prof. Gustav Lindstrdm.

Mr. T. Mellard Reade.

Mr. Horace B. Woodward.
Mr. Thomas F. Jamieson.

Mr. Benjamin N. Peach.

Mr. John Home.
Baron A. E. Nordenskiold.

Mr. A. J. Jukes-Browne.

Mr. Frederic W. Harmer.
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AWARDS

OF THE

BALANCE OF THE PROCEEDS OF THE

'MURCHISON GEOLOGICAL FUND.'

1873. Prof. Oswald Heer.

1874. Mr. Alfred Bell.

1874. Prof. Ralph Tate.

1875. Prof. H. G. Seeley.

1876. Dr. James Croll.

1877. Rey. John Frederick Blake.

1878. Prof. Charles Lapworth.

1879. Mr. James W. Kirkby.

1880. Mr. Robert Etheridg-e.

1881. Mr. Frank Rutley.

1882. Prof. Thomas Rupert Jones.

1883. Dr. John Young.

1884. Mr. Martin Simpson.

1885. Mr. Horace B. Woodward.

1886. Mr. Clement Reid.

1887. Mr. Robert Kidston.

1888. Mr. Edward Wilson.

1889. Prof. GreiiYille A. J. Cole.

1890. Mr. Edward Withered.

1891. Rev. Richard Baron.

1892. Mr. Beeby Thompson.

1893. Mr. G. J. Williams.

1894. Mr. George Barrow.

1895. Mr. Albert C. Seward.

1896. Mr. Philip Lake.

1897. Mr. S. S. Buckman.

1898. Miss Jane Donald.

1899. Mr. James Bennie.

1900. Mr. A. Vaughan Jennings.

1901. Mr. Thomas S. Hall.

1902. Mr. Thomas II. Holland.
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AWARDS OF THE LYELL MEDAL

UNDER THE CONDITIONS OE THE

< LYELL GEOLOGICAL FUND/

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE

SIR CHARLES LYELL, Bart., F.R.S., F.G.S.

The Medal 'to be given annually' (or from time to time) 'as a mark of honorary

distinction and as an expression on the part of the governing body of the Society

that the Medallist (who may be of any country or either sex) has deserved well

of the Science,'
—

' not less than one third of the annual interest [of the fund] to

accompany the Medal, the remaining interest to be given in one or more portions

at the discretion of the Council for the encouragement of Geology or of any of

the allied sciences by which they shall consider Geology to have been most

materially advanced, either for travelling expenses or for a memoir or paper

r thauthor, or the language in which any such memoir or paper may be written.

1876. Prof. John Morris.

1877. Sir James Hector.

1878. Mr. George Busk.

1879. Prof. Edinond Hebert.

1880. Sir John Evans.

1881. Sir J. William DaAvson.

1882. Dr. J. Lycett.

1883. Dr. W. B. Carpenter.

1884. Dr. Joseph Leidy.

1885. Prof. II. G. Seeley.

1886. Mr. William Pengelly.

1887. Mr. Samuel Airport.

1888. Prof. Henry A. Nicholson.

1889. Prof. W. Boyd Dawkins.

1890. Prof. Thomas Rupert Jones.

1891. Prof. T. McKenny Hughes.

1892. Mr. George H. Morton.

1893. Mr. E. Tulley Newton.

1894. Prof. John Milne.

1895. Eev. John Frederick Blake.

1896. Dr. A. Smith Woodward.
1897. Dr. George Jennings Hinde.

1898. Prof. Wilhelm Waagen.
1899. Lt.-Gen. 0. A. McMahon.
1900. Mr. John Edward Marr.

1901. Dr. Ramsay H. Traquair.

-,

qq9 f Prof. Anton Fritsch.

t- Mr. Richard Lydekker.
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AWARDS

OF THE

BALANCE OF THE PROCEEDS OE THE

'LYELL GEOLOGICAL FUND.'

1876. Prof. John Morris.

1877. Mr. William Pengelly.

1878. Prof. Wilhelm Waagen.
1879. Prof. Henry A. Nicholson.

1879. Dr. Henry Woodward.
1880. Prof. F. A. von Quenstedt.

1881. Prof. Anton Fritsch.

1881. Mr. G. R. Vine.

1882. Rev. Norman Glass.

1882. Prof. Charles Lapworth.

1883. Mr. P. H. Carpenter.

1883. M. Ed. Riganx.

1884. Prof. Charles Lapworth.

1885. Mr. A. J. Jukes-Browne.

1886. Mr. D. Mackintosh.

1887. Rev. Osmond Fisher.

1888. Mr. Arthur H. Foord.

1888. Mr. Thomas Roberts.

1889. M. Louis Dollo.

1890. Mr. C. Davies Sherborn.

1891. Dr. C. I. Forsyth-Major.

1891. Mr. George W. Lamplugh.

1892. Prof. J. Walter Gregory.

1892. Mr. Edwin A. Walford.

1893. Miss Catherine A. Raisin.

1893. Mr. Alfred N. Leeds.

1894. Mr. William Hill.

1895. Mr. Percy FrypKendall.

1895. Mr. Benjamin Harrison.

1896. Dr. William F. Hume.
1896. Dr. Charles W. Andrews.

1897. Mr. W. J. Lewis Abbott.

1897. Mr. Joseph Lomas.

1898. Mr. William H. Shrubsole.

1898. Mr. Henry Woods.

1899. Mr. Frederick Chapman.

1899. Mr. John Ward.

1900. Miss Gertrude L. EUes.

1901. Dr. John William Evans.

1901. Mr. Alexander McIIenry.

1902. Dr. W neelton Hind.
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AWARDS OF THE BIGSBY MEDAL,

FOUNDED BY THE LATE

Dr. J. J. BXGSBY, F.E.S., F.G.S.

To be awarded biennially ' as an acknowledgement of eminent services in any depart-

ment of Geology, irrespective of the receiver's country; but he must not be

older than 45 years at his last birthday, thus probably not too old for further

work, and not too young to have done much.'

1877. Prof. Othniel C. Marsh.

1879. Prof. Edward D. Cope.

1881. Prof. Charles Barrois.

1883. Dr. Henry Hicks.

1885. Prof. Alphonse Renard.

1887. Prof. Charles Lapworth.

1889. Mr. J. J. Harris Teall.

1891. Dr. George M. Dawson.

1893. Prof. William J. Sollas.

1895. Mr. Charles D. Walcott.

1897. Mr. Clement Keid.

1899. Prof. T. W. E. David.

1901. Mr. George W. Lamplugh.

AWARDS OF THE PROCEEDS OF THE BARLOW-
JAMESON FUND,

ESTABLISHED UNDER THE WILL OF THE LATE

Dr. H. C. BARLOW, F.G.S.

The perpetual interest to be applied every two or three years, as may be approved by

the Council, to or for the advancement of Geological Science.'

1879. Purchase of Microscope.

1881. Purchase of Microscope -

Lamps.

1882. Baron C. von Ettingshausen

,

1884. Dr. James Croll.

1884. Prof. Leo Lesquereux.

1886. Dr. H. J. Johnston-Lavis.

1888. Museum.

1890. Mr. W. Jerome Harrison.

1892. Prof. Charles Mayer-Eymar.

I

1893. Purchase of Scientific In-

struments for Capt. F. E.

Younghusband.

1894. Dr. Charles Davison.

1896. Mr. Joseph Wright.

1896. Mr. John Storrie.

1898. Mr. Edward Greenly.

1900. Mr. George C. Crick.

1900. Prof. Theodore T. Groom.

1902. Mr. W. M. Hutchings.
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Estimates for

INCOME EXPECTED.
£ s. d. £ s. d.

Compositions 175

Due for Arrears of Admission Fees 113 8

Admission Fees, 1901 200

313 8

Arrears of Annual Contributions 160

Annual Contributions, 1902, from Resident Fel-

lows and Non-Residents 1750

Annual Contributions in advance 50

I960

Sale of Quarterly Journal, including Longmans"
Account ' 150

Sale of Transactions, Library Catalogue, General
Index, Hutton's ' Theory of the Earth' vol. iii,

Hochstetter's 'New Zealand," and List of

Fellows 5

Dividends on £2500 India 3 per cent. Stock . . 75

Dividends on £300 London, Brighton, & South
Coast Railway 5 per cent. Consolidated Pre-
ference Stock 15

Dividends on £2250 London & North-Western
Railway 4 per cent. Preference Stock 90

Dividends on £2800 London & South-Western
Railway 4 per cent. Preference Stock 112

Dividends on £2072 Midland Railway 2| per

cent. Perpetual Preference Stock 51 16

Dividends on £267 6s. Id. Natal 3 per cent. Stock. 8

351 16

Balance against the Society* 100

£3055 4

* The Expenditure in excess of the expected Income is provided for by the

Balance in hand at the commencement of the year.
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FINANCIAL EEPOET. XXXV

the Year 1902.

EXPENDITURE ESTIMATED.

£ s. d. £ s. d.

House Expenditure

:

Taxes , 15

Fire Insurance 15

Electric Lighting 40
Gas 8
Fuel 40
Furniture and Repairs 130
House-repairs and Maintenance 30
Annual Cleaning 15
Washing and Sundries 35
Tea at Meetings 20

333 lo
Salaries and Wages, etc. :

Assistant Secretary 350

,, Half Premium Life insurance... 10 15

Assistant Librarian 150
Assistant Clerk 120
OfficeBoy 36
House Porter and Upper Housemaid 91 12
Under Housemaid 47 12
Charwoman and Occasional Assistance 10
Accountant's Fee 10 10

826 9

Office Expenditure :

Stationery 35
Miscellaneous Printing 45
Postage and Sundry Expenses 85

16o

Library (Books and Binding) 200

Library Catalogue 80

International Catalogue of Scientific Literature 60

Museum 20

Museum Catalogue 100

Publications

:

Quarterly Journal, including Commission on
Sale 900

Record of Geological Literature 135
List of Fellows 35
Postage on Journal, Addressing, etc 90
Abstracts, including Postage 110

1270

£3055 4

W. T. BLANFORD, TV,

January 2otk, 1902,
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Income and Expenditure during the

RECEIPTS.
£ s. d. £ s. d.

To Balance in the hands of the Bankers at

January 1st, 1901

:

On Current Account 122 17 2
On Deposit Account 250

.„ Balance in the hands of the Clerk at

January 1st, 1901 . *. 15 17 8
388 14 10

„ Compositions 234 10

.,, Admission Pees

:

Arrears 113 8
Current 207 18

321 6

„ Arrears of Annual Contributions .... 186 7 6

„ Annual Contributions of 1901

:

Eesident Fellows 1764
Non-Resident Fellows 11 6

„ Annual Contributions in advance .... 54 12
2016

.,, Publications :

Sale of Quarterly Journal:
Yuls.itolvi* 127 11 8
Vol. lvii 72 7 5

199 19 i
',, Record of Geological Literature ... 14 6

„ List of Fellows 3

,, General Index to Quarterly Journal,

vols, i to 1 15

„ Hutton's 'Theory of the Earth ' ... 14
,, Transactions 10

„ Hochstetter's ' New Zealand ' 9 4

,, Ormerod's Index 3
4 9 4

.„ Dividends (less Income Tax) :

—

.£2500 India 3 per cent. Stock 70 18 10

.£300 London, Brighton, & South

Coast Eaihvay 5 per cent.

Consolidated Preference

Stock 14 4 5

£2250 London & North-Western
Railway 4 per cent. Pre-

ference Stock 85 6 3
£2800 London & South-Western

Railway 4 per cent. Pre-

ference Stock 106 3 4
£2072 Midland Railway

2=J
per

cent. Perpetual Preference

Stock 49 2
325 14 10

,, Interest on Deposit 13 3 7

* Due from Messrs. Longmans, in addition to ^ £3503 17 8
the above, on Journal, Vol. lvii, etc £66 6 4 —

i
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Year ended December Slst, 1901.

PAYMENTS.
By House Expenditure: £ s. d. £ s. d.

Taxes 15
Fire Insurance 15

Electric Lighting 54 5
Gas.. 8 4
Fuel 46 2 2
Furniture and Repairs 38 1 10
House-repairs and Maintenance 36 16 10
Annual Cleaning 13 14 6
Washing and Sundries 26 11 3
Tea at Meetings 20 7 11

„ Salaries and Wages

:

259 18 6

Assistant Secretary 350

„ One-half Premium Life Assurance 10 15

Assistant Librarian 150
Assistant Clerk 120
OfficeBoy 31 4
House Porter and Upper Housemaid 91 12

Under Housemaid 44 18 10

Charwoman and Occasional Assistance 15 19 8
Accountant's Fee 10 10
Assistant Clerk : Allowance for Rooms during

Alterations 6 15

„ Office Expenditure: 831 14 6

Stationery 28 9 11

Miscellaneous Printing 51 8

Postages and Sundry Expenses 76 16 7

„ International Catalogue of Scientific -*- " *•* "

Literature 60

„ Library 186 2 1

„ Museum 26 12 1

„ Publications

:

Quarterly Journal, Vols, i to lvi, Commis-
sion on Sale thereof 10 15

Quarterly Journal, Vol. lvii, Commission
on Sale thereof 5 16 6

Paper, Printing, and Illustrations 657 14 6
Record of Geological Literature 146 16 3
List of Fellows 36 9 8
Postage on Journal and Addressing 70 16 4
Abstracts, including Postage 104 17 10

1033 6 1

„ Electric-Light Installation 37 5 9

„ Redecoration 508 11 11

,, Balance in the hands of the Bankers at

December 31st, 1901 :

On Current Account 132 4 2
On Deposit Account 250

„ Balance in the hands of the Clerk .... 21 8 1

403 12 3

"We have compared this Statement
with the Books and Accounts presented

to us, and find them to agree.

BEDFORD M°NE1LL,
HORACE W. MONCKTON, f

Aud^s
- -£3503 V

W. T. BLANFORD, Treasurer.

January 25th, 1902.
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Award of the Wollaston Medal.

In handing the Wollaston Medal, awarded to Dr. Friedrich

Schmidt, F.M.G.S., of St. Petersburg, to Prof. H. G. Seeley, for

transmission to the recipient, the President addressed him as

follows :

—

Professor Seeley,—
Friedrich Schmidt is our chief living authority upon the rocks

and fossils of the Baltic Provinces of Russia. The work of ascer-

taining the order and organic remains of the richly fossiliferous

strata of Esfchonia, from the base of the Cambrian to the summit of

the Devonian, originally commenced in broad outline by Eichwald,

Pander, and others between the years 1830 and 1850, was taken up

in great detail in 1853 by Schmidt, who was at that time Professor

at the University of Dorpat. In the year 1856 he published his

first work, ' Die Siluriscbe Formation von Estland, Nordlivland

und (Esel,' which at once became the standard and was referred

to in detail by Murchison in his own paper on the subject in the

Quarterly Journal of this Society for 1857. Even at that time

Dr. Schmidt had recognized between 400 and 500 fossils in these

Esthonian rocks, had separated the Lower and Upper Silurian

faunas, and had proved the existence of Eurypterus and Cephalaspis

in the highest beds of his country.

For the next thirty years he continued these researches, and by

the year 1882 he had completed a general survey of the region, had

separated the Lower Palaeozoic formations into the three faunal

divisions of Cambrian, Ordovician, and Silurian, and distinguished

some fifteen zones and sub-zones in the collective succession. He
also published a map showing the distribution of the major zones,

in readiness for the International Geological Map of Europe.

Dr. Schmidt's results have enabled the whole of the Russian

Palaeozoic Series to be paralleled with the corresponding rocks of

Scandinavia and other parts of the world.

In constant connection with the stratigraphical work, he has

especially busied himself in the development and description of the

palaeontology of the Palaeozoic succession. He has figured and des

scribed the Trilobites of the entire series, publishing the first part

of his ' Revision der Ostbaltischen Silurischen Trilobiten ' in 1881,

the fourth part in 1891, and the fifth part in 1898. He has also

worked out the Eurypteridae and the Leperditiadae, the final parts

e 2
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of this work appearing in 1900. In 1888 he made known the dis-

covery of Olenellus in the Lower Cambrian rocks of Esthonia, and

he has subsequently described and figured the first Russian Olenellus

0. Michwitzia).

Dr. Schmidt's work, both palaeontological and stratigraphical,

bears the impress of unsparing labour, modest caution, and thorough-

ness
; and the results that he has obtained have been invaluable in

the development of our knowledge of the geology and fossils of the

Baltic Provinces. He is one of the last survivors of the heroic age

of Geology, being the contemporary and occasional colleague of Eich-

wald, Pander, Keyserling, De Verneuil, Murchison, and Barrande.

The award of our Wollaston Medal to this eminent Russian geologist

and palaeontologist is not only expressive of our hearty recognition

of his life-long devotion to the study of the rocks and fossils of his

native land, but is also a grateful acknowledgement of the important

services which he and his countrymen have rendered to the general

advancement of geological science.

Prof. Seeley replied in the following words :

—

Mr. President,—
Dr. Friedrich Schmidt desires to express his thanks for the

honour of the award of the Wollaston Medal, and to say how much
he regrets his inability to be present here, for he gratefully appre-

ciates this expression of generous sympathy with his work. In

early life he wandered through Siberia, where he learned the

English language, which enabled him to contribute to the Society's

Journal.

I have known Dr. Schmidt as Administrator of the Geological

Museum of the Imperial Academy of Sciences of St. Petersburg, where

I examined the materials described in his memoirs ; and, in common

with members of the International Geological Congress, I have been

guided by him along the southern coast of the Gulf of Einland, from

St. Petersburg to (Esel, to the principal scenes of his work among the

Cambrian and Silurian rocks and the Drift-deposits in the Eastern

Baltic Provinces of Russia. And I may be permitted to say that

all his work seems to me characterized by breadth of treatment and

lucidity. In Schmidt, the gifts and attainments of the naturalist

illuminate the work of the geologist; and his search for truth

never wearies and never hastes, till all available facts are brought

into illustrative relation with his research. His many-sided studies
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of nature haYe given a philosophical character to all Dr. Schmidt's

contributions to science; and it is impossible not to realize that his

scientific writings, which are many and valuable, give but inadequate

expression to a personality which has powerfully influenced many
to follow his methods and emulate his results. He has passed his.

70th year, but works on, and looks forward to the early completion

of his final memoirs on the Trilobites.

He will warmly appreciate the terms in which the presentation

of this Medal has been made, no less than the manner in which the

Geological Society has endorsed the award of the Council.

AWAED OF THE WOLLASTON DONATION FUND.

The President then presented the Balance of the Proceeds of the

Wollaston Donation Fund to Mr. Leonaed James Spencer, M.A.,

F.G.S., of the Mineralogical Department, Natural History Museum,

addressing him as follows :

—

Mr. Spencer,—
Your researches in Scientific Mineralogy during the last seven

years constitute an important and solid contribution to natural

knowledge. It is appropriate that the Council of this Society

should mark their recognition of your labours by awarding to you

the Balance of the Proceeds of the Wollaston Fund, which was

instituted to promote researches concerning the mineral structure

of the earth.

In a series of papers on individual species you have shown yourself

to be a master of the methods of crystallographic and mineralogical

research, and you have applied these methods with signal success to

the investigation of difficult minerals, some of which had baffled the

efforts of previous workers.

Special interest attaches to those researches which you have

carried out in collaboration with Mr. Prior, to whom an Award

from this Fund was made two years ago ; since these have led to the

elucidation of species which had previously been misinterpreted,

and have proved the identity of several rare minerals which were

formerly ranked as different species. The most conspicuous instance

is your joint study of binnite, whereby that mineral, regarded for

45 years as a distinct species, was proved to be identical with the

well-known mineral tennantite.
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Such researches naturally attract little attention outside the

circle of mineralogists, but they are the sort of researches upon

which accurate science is based.

The Council have pleasure in marking their appreciation of your

patient and effective labours by this Award, and hope that their

recognition of your work will encourage you to proceed with

similar investigations.

Award oe the Murchison Medal.

In presenting the Murchison Medal to Mr. Frederic William

Harmee, E.G.S., the President addressed him in the following

words :

—

Mr. Harmer,—
The Council of this Society have awarded to you the Murchison

Medal, in recognition of your long-continued labours among the

Tliocene and later deposits of East Anglia.

In speaking of your earlier work, it is impossible to separate your

name from that of Searles V. Wood, Junior, who I believe discovered

you on the Cromer coast nearly forty years ago, when you were

trying to solve the riddle of its complicated Drifts. Wood, who

had previously made a Drift Survey of the whole of Essex on the

scale of 1 inch to the mile, soon enlisted your services in Norfolk

while he continued his work in Suffolk ; and in the course of about

four years you were together able to bring before the British

Association at Norwich a summary of the results at w^hich you had

arrived, from the mapping of the Crag and Glacial Beds. Your

map was published on a reduced scale by the Palaiontographical

Society in 1872, with a Memoir in which you and Mr. Wood
elaborated many points touched upon in your previous work. These

original surveys formed an excellent basis for your further researches

into the structure and method of formation of these deposits, and for

the labours of all who have followed in your footsteps. Ereed from

the cares of business and of municipal duties, which occupied much

of your time in earlier years, your attention has latterly been given

to a study of the minuter divisions of the Crag Series, not only

in this country, but abroad—in Holland aud Belgium : thereby,

dealing with the zonal succession in the Crag Series and with the

distribution of molluscan life generally in the Pliocene Period, you

have enlarged our knowledge of the physical and climatal conditio
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under which both Pliocene and Pleistocene deposits were laid

flown, and have drawn especial attention to the way in which

Meteorology can aid in the solution of geological problems.

While it is a matter for regret that Searles Y. Wood, Junior, did

not live to receive from this Society any token of its appreciation of

his labours, it is a great satisfaction to place this Medal in the

hands of his partner, who has so strenuously carried on the work

with which his name will always be associated.

Mr. Harmer replied as follows :

—

Mr. President,—
It is impossible to thank the Council as I could wish for the

great honour that they have conferred upon me, or yourself, Sir, for

the words which you have just spoken. The pleasure that this

Award gives to me has been much increased by your kind reference

to my dear old master and friend, Searles Y. Wood the younger,

with whom, as you have said, I had so long the privilege of working

;

to whom, indeed, the credit of anything that I was able to accomplish

in my younger days is largely due. I am glad to think that this

Medal recognizes also the value of the far more important labours

of the distinguished man to whose teaching and influence I owe

so much.

I regret that during my best years the demands on my scanty

leisure left me no time for geological investigation, and that I have

only been able to return to it in the evening of life: first, because

I can hardly expect to do much to show myself more worthy of this

great distinction ; and next, because I shall have to leave to my
successors many important and interesting problems in East Anglian

geology, in the solution of which I once hoped to have taken

nart.

Award of the Murchison Geological Fund.

The President then, presented the Balance of the Proceeds of the

Murchison Geological Fund to Mr. Thomas H. Holland, F.G.S., of

the Geological Survey of India, addressing him in the following

words :

—

Mr. Holland,—
The Records of the Geological Survey of India, the Journal of

this Society, and other periodicals bear testimony to your scientific
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activity during the past decade. I can only refer to a few of your

more important contributions to the advancement of science.

In your Memoir on the Charnockite Series you have made us

familiar with the field-relations, the mineralogical composition, and

the microscopic structure of an important and interesting group of

Archrean rocks ; in your contribution to the ' Manual of the Geology

of India' you have given us a valuable treatise on the natural

history of corundum ; and in your paper on the elaeolite-syenites

of Sivamalai you have added a new group to the foliated crystalline

series.

But you have not confined your attention to the crystalline rocks.

In the ' Report on the Geological Structure & Stability of the Hill-

Slopes around Naini Tal,' you have brought your geological know-

ledge to bear on questions affecting the security of life and property,

and have laid down general principles which must be of great

utility to all those who are responsible for the safety of the

inhabitants of those hilly districts, in which denudation is going

on with exceptional rapidity.

I have much pleasure in handing you the Balance of the Murchison

Geological Fund, which has been awarded to you by the Council

of the Geological Society, in recognition of your valuable contribu-

tions to Indian geology.

Award of the Ltell Medals.

In handing the Lyell Medal awarded to Mr. Richard Lydekker,.

B.A., F.R.S., to Dr. F. A. Bather for transmission to the recipient,

the President addressed him as follows :

—

Dr. Bather,—
Mr. Lydekker's labours in the domain of Vertebrate Palaeontology

commenced, I believe, with a study of the Siwalik fossils, which

resulted in numerous and valuable additions to the classic work of

Falconer & Cautley on the Siwalik Fossils.

Many other Tertiary vertebrata from various parts of India and

Burmah, from Perim Island, Sind, the Nerbudda, and the Irrawaddy

Valley, have been examined and described by him. He has also

given us an account of the Pleistocene fauna of the Karnul Caves,

and has contributed to our knowledge of Indian Mesozoic reptilia.

Dimng his residence in India as an officer of the Geological
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Survey he was necessarily much occupied with field-work ; and we
have to thank him for a detailed account of the vast mountainous

area comprised within the territories of Kashmir.

Since his return to this country he has not been idle. He has

contributed no less than ten volumes to the Official Catalogue of the

British Museum ; he has visited the Museums of Argentina and added

much to our knowledge of the remarkable Tertiary fauna of South

America ; and he has furnished to this and other Societies numerous

descriptions of vertebrata from the Mesozoic and Tertiary forma-

tions of various countries. His extensive knowledge of fossil forms,,

has enabled him to contribute to two of the most remarkable

zoological books published during the last decade of the nineteenth

century. I refer to ' Mammals, Living & Extinct,' by Sir William

Flower and him, and to the 'Dictionary of Birds' by Prof. A.

Xewton. Of late years he has devoted himself more especially to

the study of recent forms ; but in his work on the Geographical

History of Mammals he has successfully brought his wide knowledge

of the mammalian life of past times to bear on the important

question of geographical distribution.

As an old fellow-student of his at Cambridge, it gives me the

greatest pleasure to be the means of transmitting to him the Lyell

Medal on behalf of the Council of the Geological Society. In

making this Award the Council desire especially to commemorate

the important services which he has rendered to Vertebrate

Palaeontology.

Dr. Bather, having expressed on behalf of the recipient the

latter's regret that an engagement at Norwich prevented him from

being present in person to receive the Medal, read the following

communication from Mr. Lydekkcr :
—

1 The award of a Lyell Medal would under any circumstances be a cause of great

gratification to the recipient. But I have special reason to be gratified at the reward

that the Council have been good enough to bestow on me, because in matters scientific

I seem to have passed unconsciously through a kind of evolutionary process, and to

have departed further and further from the line of study connected with the Geo-

logical Society. During my term of service on the Geological Survey of India I was
largely occupied with Geology proper, although devoting a considerable proportion

of my time to Vertebrate Palaeontology. For several years after my return to this

country that fascinating subject occupied the greater share of my attention. But
of late years I have been led, by the force of circumstances, to transfer my time more

and more to recent animals and geographical distribution. Moreover, I regret to

say, much of my time has been given to popular or semi-popular writing, rather than

to strictly scientific work. Under these circumstances it is especially gratifying to

find that the Geological Society is not unmindful of my past efforts to add to our
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Icnowledge of extinct vertebrates ; a task which I hope, as opportunity occurs, may
to some extent be resumed in the future. To you, Sir, as representing the Council,

I have the pleasure of tendering my best thanks for the honour now conferred upon

me ; and I may add that my pleasure is intensified by receiving the Medal at the

bands of a Cambridge contemporary who has risen to the distinguished position

now occupied by yourself.'

The President then handed another Lyell Medal, awarded to

Prof. Anton Fritsch, F.M.G.S., of Prague, to Prof. H. G. Seeley

for transmission to the recipient, addressing him in the following

words :

—

Professor Seeley,—
The Council of the Geological Society have awarded a Lyell

Medal to Prof. Anton Fritsch, of Prague, in evidence of their appre-

ciation of the value of his published works upon the Palaeontology

of Bohemia. In 1872, 1878, and 1887, Prof. Fritsch gave us

a series of volumes on the Cephalopoda, Reptiles, Fishes, and

Crustacea of the Bohemian Cretaceous rocks. But he is best known

by his researches in Palaeozoic Palaeontology. Twenty years ago,

after the publication of the first results of his labours on the Fossils

of the Pilsen Coal-basin, this Society made to him an award from

the Lyell Geological Fund. It is fitting, therefore, that he should

receive the Lyell Medal on the completion of this great work, wbich

represents twenty-five years of strenuous labour, and has gained for

its author a position of great eminence in the palaeontological world.

Much of the material with which he has had to deal would

probably have been neglected by less accomplished observers. By

careful drawing with his own hands, and by the aid of electrotype

reproductions of perishable parts, he has brought vividly before us a

new Permian terrestrial fauna, remarkable for its labyrinthodontia,

fishes, arachnida, insects, and myriapoda. Prof. Fritsch has not

only described a vast amount of new palaeontological material, but

lie has also used the knowledge thus gained for the purpose of

elucidating the affinities of the different extinct groups with each

other and with their nearest living allies.

His studies of Labyrinthodontia demonstrated the wide range of

structure in animals included in that group, and suggested the

approximation of the several subdivisions which he described to

-different orders of reptiles.

In conveying this Medal to Prof. Fritsch I ask you to express to
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him our sympathy with his labours in Palaeontology which have been

carried on for fifty years, and our satisfaction at the completion of

his great work on the Permian Fauna of Bohemia.

Prof. Seeley replied as follows :

—

Mr. President,—
It is a great pleasure to receive the Lyell Medal on behalf

of Prof. Fritsch. He has successfully overcome difficulties in

the mineral condition of material which might have stopped a less

resolute man. His work, enriched with all the learning which a

comparative anatomist could bring to palaeontological problems,

will, I believe, always rank as one of the more important contri-

butions to knowledge made in the latter half of the nineteenth

century. The Medal came as a happy- surprise to Prof. Fritsch,

and he writes to me :

—

' In awarding to me the proceeds of the Lyell Fund twenty-one years ago the

Society encouraged me in the heavy work of describing the rich fauna of the Permian

strata in Bohemia, which I have happily finished after thirty years of labour.

' This second award will strengthen me in devoting the rest of my life to further

elaboration of the beautiful palaeontological materials in our Museum. The new

revision of the Carboniferous Ai-achnida and descriptions of two large Saurians from

our Chalk-formation, on which I am at work, will be the best thanks that I can pay

to the Geological Society for this generous gift.'

Award op the Lyell Geological Fund.

The President then presented the Balance of the Proceeds of the

Lyell Geological Fund to Dr. Wheelton Hind, F.R.C.S., of Stoke-

on-Trent, addressing him as follows :

—

Dr. AVheelton Hind,—
The Council of the Society have awarded to you the Balance of the

Proceeds of the Lyell Fund as a mark of their appreciation of your

enthusiastic labours among the Carboniferous rocks of this country.

During the past twelve years, while residing in the interesting

region of the Potteries, and largely occupied in arduous professional

work, you have found time for a detailed study of the rocks and

fossils of your district, and more especially of the neglected

kmellibranchs of the Coal-Measures. Extending your labours into

bordering and even distant Carboniferous areas, you have not only
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enriched our knowledge of the stratigraphical divisions, but you

have initiated a study of the life-zones— a study which has borne-

good fruit, and in which we anticipate from you further important

results. In addition to this, we are further indebted to you for

the Monographs on Carboniferous Mollusca which you have con-

tributed to the PalaBontographical Society.

Award of the Barlow-Jameson Fund.

In handing the Proceeds of the Barlow-Jameson Fund, awarded

to Mr. William Maynard Hutching s, F.G.S., of Newcastle-upon-

Tyne, to Mr. George Barrow for transmission to the recipient, the-

President addressed him as follows :

—

Mr. Barrow,—
In the midst of a busy professional life Mr. Hutchings has found

time to carry out a series of laborious petrographical researches,,

and to contribute a number of important papers to the Geological

Magazine and other scientific journals.

He has especially directed his attention to the composition of the

finer-grained sedimentary rocks, and to the changes which are pro-

duced in them by normal decomposition and contact-action. The

rocks on which he has worked have been comparatively neglected

by penologists, in consequence of the difficulties attending their

investigation, but he has shown that, by the use of suitable sections

and very high powers, these difficulties can be successfully sur-

mounted.

The Council of the Geological Society have awarded to Mr. Hutch-

ings a grant from the Proceeds of the Barlow-Jameson Fund, as a

mark of their appreciation of his contributions to Petrographical

Science, and as an expression of the hope that, in the future as in

the past, he will be able to carry on the researches which have-

thrown so much light on the natural history of our sedimentary

rocks.
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT,

J. J. Harris Teall, Esq., M.A., F.R.S.

In Gustay Lindstrom, who was elected a Foreign Correspondent

of our Society in 1885, a Foreign Member in 1892, and who was the

recipient of the Murchison Medal in 1895, we have lost a leader

among palaeontologists, whose knowledge of Silurian life was more

profound than that of any of his contemporaries. Born in Visby,

the capital of Gotland, on August 27th, 1829, he began his

researches on the fossils of that island while a master at the

Grammar School of his native town. The thoroughness and

originality characteristic of those early papers on the brachiopods

and corals suggest that isolation from kindred minds and from the

multitude of books may even benefit an earnest student by confining

his attention to the facts of nature. But Lindstrom was more than

earnest and persevering ; by his zoological studies at Upsala and

under Loven, and by his translation, or rather adaptation, of

Lyell's writings, he had admirably prepared himself to grapple

with the problems of structure, of classification, and of strati-

graphical distribution, presented by the varied fossil faunas of

Gotland. The excellence of his work led to his being entrusted

with the description of fossils from Spitsbergen and corals from the

depths of the Atlantic ; it ensured him a hearty welcome from

London geologists in 1874 ; and in 1876 pointed to him as Angelin's

natural successor in the keepership of the Fossil Invertebrata in the

State Museum at Stockholm. Here he lived and laboured till his

unexpected death on May 16th, 1901.

Most of Lindstrom's palaeontological papers deal with corals ; and

of these one of the best known is the memoir on the operculate

corals of the Palaeozoic formations, wherein the enigmatic Calceola

was first assigned to its true systematic position. Of no less worth

were his monographs on the Silurian Gasteropoda and Pteropoda of

Gotland, on the Ascoceratidse and the Lituitidae, on a Cyathaspis

of Lower Wenlock age, and on the Eyes of the Trilobites. In con-

junction with T. Thorell he described Palceophorus nuncius, a

scorpion of Lower Ludlow age, at that time (1885) the oldest air-

breather known. Many others of his writings are highly valued

by palaeontologists, while geologists may recall his papers on the

elevation of Gotland, on the curiously disturbed strata of the
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Carlsoar near Gotland, on post-Glacial depressions in Gotland, and

on the stratigraphy of that island. For one, however, whose

scientific activity extended over half a century, the number of

Lindstrom's publications is not great—scarcely one for each year,

all told. But everything he produced was well-considered, ex-

haustive, and as final as the then-known material permitted.

Theories and systems are the fabric of a dream, but these massive

piles of fact, accurately hewn and exquisitely put together, will last,

as do the mediaeval remains of Visby, to serve future generations

for a quarry of beautiful detail, and a monument of a master-

builder. [F. A. B.]

Baron Adolf Eeik Nordenskiold, who was elected a Foreign

Correspondent of our Society in 1869, and a Foreign Member in

1880, and to whom the Murchison Medal was awarded in 1900 r

died suddenly last August, at the age of 68. Descended from a

Swedish, family of scientific distinction, which had been settled

for many generations in Finland, he was born at Helsingfors on

November 18th, 1832. After receiving his scientific education at

the University of Helsingfors and in Berlin, he settled in Sweden ;

and, following his father's studies in mineralogy, became Curator of

the Mineral Collections of the Academy of Sciences at Stockholm.

At the age of 26, Nordenskiold made his first journey to Spitsbergen,

as geologist to an expedition under Dr. Otto Torell. Three years later

he accompanied Torell on his second voyage, and subsequently he

himself took charge of an expedition to Spitsbergen for the special

purpose of measuring the arc of a meridian. For the best five-

and-twenty years of his life, Nordenskiold was devoted to Arctic

exploration, making successive journeys to Greenland and to

Siberian waters, his work culminating in the memorable voyage of

the Vega and the accomplishment of the North-east Passage. In

all his Arctic work he lost no opportunity of geological study : at

one time he would be busy unearthing fossil plants from Tertiary

deposits in Greenland ; at another time he was collecting the dust

which had accumulated on the surface of the Arctic ice, or examin-

ing the enormous masses of metallic iron which he discovered at

Ovifak. Glacial phenomena always attracted his attention. In the

later years of his life, when his Arctic career had closed, he turned

to the study of the early history of cartography, and this resulted

in the publication of the ' Facsimile Atlas ' and his work entitled

< Periplus.' Baron Nordenskiold combined, in a remarkable manner,
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the qualifications of an energetic explorer and a far-sighted

organizer with those of a patient student of ancient literature ; but

iu this Society he will be best remembered as a close observer of

natural phenomena, not indisposed to speculate with boldness upon

their probable cause. [F. W. II.]

John Hopwood Blae:e, who became a Fellow of this Society in

1868, was born on July 22nd, 1843. After completing his education

at King's College, London, he was apprenticed to Mr. Pt. P. Brereton y

M.Inst.C.E., under whose directions he was engaged for several

years in railway-work in Cornwall and South Wales. During his

engineering experiences, he became interested in geology, and was

thereby tempted to join the Geological Survey in April, 1868, at a

time when the staff under Murchison was considerably augmented.

During the first few years of his official career he was engaged in

the re-survey of portions of Somerset, along the Mendip and Polden

Hills, and subsequently at Watchet and Minehead. He was al?o

occupied for a time in the first detailed Drift Survey of the area

north-west of London. Later on he was transferred to Suffolk, to

survey the country around Stowmarket, and that bordering the sea

north and south of Lowestoft, whence he proceeded to Yarmouth

and continued his investigations inland and along the coast as far

north as Palling in Xorfolk, and subsequently around East Dereham.

Much time had been devoted to a careful study of the Forest Bed

Series, and his published section of the cliffs at Kessingland,

Pakefield, and Corton (1884) bears evidence of the painstaking-

character of his work. In 1884, Mr. Blake removed to Reading,

and was for many years occupied in the re-survey (on the 6-inch

scale) of that neighbourhood, giving especial attention to the Drifts,

which before had only been partially mapped. A few years ago he

proceeded to Oxford, from which important and interesting centre

he laboured with much quiet enthusiasm, until on March 5th, 1901,

he suddenly and quite unexpectedly succumbed to angina pectoris

at the age of 57.

The record of his geological work is chiefly embodied in the

geological maps of the districts which he surveyed, and in sundry

Survey Memoirs. He contributed notes to the Geology of East

Somerset (1876), to the Geology of Stowmarket (1881), the Geology

of Norwich (1881), and the Geology of London (1889); and he

personally wrote 'The Geology of the Country around East Dereham

'

(1888) and 'The Geology of the Country near Yarmouth &
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Lowestoft' (1890). He had also prepared, in conjunction with

Mr. W, Whitaker, a Memoir on the Water-Supply of Berkshire,

which has lately been published, and had made some progress

with a Memoir on the Geology of Reading.

Mr. Blake's other contributions to geological literature were few.

In 1872 he contributed (with H. B. Woodward) ' Notes on the

delations of the Rhaetic Beds to the Lower Lias & Keuper

Formations in Somersetshire ' (Geol. Mag. p. 196), and in 3877 he

published an article ' On the Age of the Mammalian Rootlet-Bed

at Kessingland ' (ibid. p. 298). Reference may also be made to

his addresses to the Norwich Geological Society (of which he was

elected President in 1880-81) ; and to his Presidential Address to

the Reading Literary & Philosophical Society in 1885. Mr. Blake

was an active member of the Geologists' Association, and since

1885 had conducted a number of their excursions.
1

Prof . Edward Waller Claypole was born at Ross (Herefordshire),

on June 1st, 1835, and graduated in the University of London,

becoming B.A. in 1862 and D.Sc. in 1888. He left England in

1871, and spent the remainder of his life in the United States of

North America. He was Professor in Antioch College (Ohio) from

J 873 to 1881 ; in Buchtel College, Akron (Ohio), from 1883 to 1898
;

and from that date until his death on August 17th, 1901, in the

Throop Institute, Pasadena (California). He was also Palaeontologist

to the Second Geological Survey of Pennsylvania. Prof. Claypole

paid frequent visits to his native country, and he became a Fellow

of the Geological Society in 1879. He was well known to many

of our Fellows and contributed three papers to the Quarterly

Journal. His first contribution in 1883 contained a description of

a new Fenestellid ; but the two later papers related to the Upper

Silurian Pteraspidian Fishes, of which he was the first discoverer in

North America. He was especially interested in Palaeozoic Fishes and

wrote a series of papers on the Clark Collection, from the Upper

Devonian (Cleveland Shale) of Ohio, in several volumes of the

' American Geologist.' He also published many purely geological

papers. He was one of the original members of the American

Geological Society at its inauguration in 1888, and was an editor

of the ' American Geologist ' from its foundation in the same year.

He was much esteemed, by all who had the pleasure of his

acquaintance, as a quiet, unassuming student of very wide interests.

1 From a memoir by H. B. Woodward, Geol. Mag. 1901, p. 238.
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He was not in any sense a specialist, but a representative of an

old school which is rapidly diminishing in numbers. [A. S. W.]

Dr. George Mercer Dawson was the second son of the late

Sir William Dawson, who, for upwards of forty-four years, held the

post of Principal of McGill University. He was born at Pictou, in

Nova Scotia, on August 1st, 1849. Six years later his father moved

with his family to Montreal, where the local surroundings at that

time were such as to stimulate young Dawson's inborn love of

nature.

His early education was carried on for the most part under

tutors. At the age of eighteen he entered the McGill College, where

he attended lectures for one session (1868-69) ; but in the following

year he came to London, and commenced a distinguished career as a

student of the Royal School of Mines at Jermyn Street. His success

at this institution is attested by the fact that he carried off both

the Edward Forbes Medal in Palaeontology & Natural History and

the Murchison Medal in Geology.

On his return to Canada he spent some time in investigating the

copper and iron-ore deposits of his native province of Nova Scotia.

By bent and training Dawson was eminently fitted for the scientific

exploration of unknown lands, and in 1873 he was fortunate in

obtaining an appointment which exactly suited him—that of

geologist and botanist to the British North American Boundary-

Commission. The results of his work on the Commission were

published in a Beport which clearly shows his exceptional powers

as a scientific pioneer, and is now literally worth its weight in

gold.

In 1875 he was appointed to the staff of the Geological Survey

of Canada, and soon afterwards commenced his long series of

explorations in British Columbia and in the vast unknown regions

of the North-west. Although he became familiar with the geology

of every part of the Dominion, his name will always be especially

associated with the North-west, where he was well known and

.greatly respected, and where Dawson City has arisen to com-

memorate his celebrated explorations, carried out during the years

1887 and 1888, on the Yukon Biver.

Dawson was no ' tenderfoot.' Although apparently of a fragile

consitution and unfitted for arduous physical labour, his powers of

endurance were remarkable. In one of his expeditions he covered

a distance of 1300 miles by boat and a portage of 50 miles from

vol. Lvrn. /
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the valley of the Liard to that of the Yukon. It may be that the

love of Nature which led him to write

—

To rest on fragrant cedar-boughs

Close by the western ocean's rim
;

While in the tops of giant pines

The livelong night the sea-winds hymn,

And low upon the fretted shore

The waves beat out the evermore.

—

combined with his extraordinary intellectual vigour and great

determination, caused him to overtax his powers and shorten his

valuable life.

To give a detailed account of his scientific work is impossible.

Much of it will not be fully appreciated until the comparatively

unknown tracts which he described so well become inhabited. His

contributions are to be found in the Annual Eeports of the

Geological Survey of Canada, in our own Journal, in the 'American

Journal of Science,' in the ' Canadian Naturalist,' and in many other

publications. They are all characterized by lucidity and accuracy.

He wrote freely but never carelessly, and all those who have

followed him bear testimony to his thoroughness and reliability.

His Reports are written from a scientific point of view, but they

show a keen appreciation of the practical and economic side of

geology and consequently command the attention of those who

are actively engaged in developing the mineral resources of the

country. A writer in the Victoria ' Colonist' says :

—

'The development of the Kootenay, the hydraulic mines of Cariboo, and

the gold-mines of the Yukon are all foretold in the interesting pages of

Dr. Dawson's earlier reports. Therefore, when we find in the voluminous

products of his pen anticipations of great mineral development in parts of the

province that are yet unexplored, we feel almost as if such development were

guaranteed.'

In July 1883 he was appointed Assistant-Director of the Geological

Survey of Canada, and in 1895, on the retirement of Dr.Selwyn, he

became Director and Deputy Head of the Department.

Although it is as a geologist that we commemorate him, it must

not be forgotten that he was also a keen naturalist and an accom-

plished ethnologist. As one of the Commissioners appointed by

Her Majesty Queen Victoria to prepare the British case for the

arbitration on the Behring's Sea Fisheries, he visited the Northern

Pacific and investigated the conditions of seal-life in that region.

His services in connection with the arbitration were gracefully
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acknowledged by Lord Alverstone, who speaks of him 'as one of

the most charming and unselfish characters ' that he ever met. In

recognition of these services Dawson was made a Companion of the

Order of St. Michael & St. George.

He became a Fellow of this Society in 1875, and received the

Bigsby Medal in 1891. He was elected a Fellow of the Royal

Society of London in 1891, President of the Royal Society of

Canada in 1894, and received the Gold Medal of the Royal

Geographical Society of London in 1897. He was taken away from

us most suddenly on March 2nd, 1901, after only one day's absence

from his official post ; but he has left behind a noble example of

unselfish devotion to the cause of science.

The Hon. Clarence King was born at Newport (Rhode Island),

and was educated in Yale University. He was best known to us

in connection with the United States Geological Exploration of the

Fortieth Parallel, of which he prepared the Geological and Topo-

graphical Atlas, published in 1876, and sundry reports. When in

1880 the several distinct surveys were consolidated as the United

States Geological Survey, Mr. King was chosen as the first Director.

He entered on these new duties with considerable enthusiasm, and

as he was supported by an able staff, the investigations which he

directed on Leadville in Colorado, on the Eureka district, and on the

Comstock Lode in Nevada, were successfully carried out. Mr. King,

however, found that administrative duties occupied so much of his

time that he held office for a year only, and retired in 1881, when

he was succeeded by Major J. "W. Powell. Of late years Mr. King

had not come prominently before the geological world, the only

noteworthy contribution which he produced being an article on the

age of the earth, which appeared in the annual report of the

Smithsonian Institution for 1893. Mr. King became a Fellow

of this Society in 1874. He died at Phoenix (Arizona) on

December 24th, 1901. [H. B. W.]

Richard Penneeather Rothwell, born at Oxford (Ontario) on

May 1st, 1836, was educated at Trinity College, Toronto, and the

Rensselaer Polytechnic Institute of Troy (New York), where he

graduated with honours in Civil Engineering in 1858. He
subsequently passed through the complete course of study of the

Ecole des Mine3 at Paris, and the practice of mining and ore-

dressing at Freiberg. After a short period of service at Mr. Henlay's

/a
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telegraph-cable works at North Woolwich, he returned to Canada,

and subsequently established himself as a Mining Engineer atWilkes-

barre in the anthracite district of Pennsylvania, where he was for

nearly ten years actively employed in laying out and improving the

plant and machinery of different colliery-enterprises. In addition,

he produced some remarkable coloured maps of the highly disturbed

seams of the different coal-basins, which have become standard

authorities for consultation on the opening of new workings, and

have been adopted both by the United States Geological Survey and

that of the State of Pennsylvania. He had a very thorough know-

ledge of the principles of colliery-ventilation and the methods of

dealing with gas and underground fires, and on several occasions

distinguished himself in the successful leading of rescue-parties

after explosions and mine-fires. In 1874, with the co-operation of

the late Mr. E. B. Coxes and Mr. M. Coryell, he inaugurated a

movement which resulted in the formation of the American Institute

of Mining Engineers, of which body he served as President in 1882.

In 1874, he became joint editor, with Dr. R. W. Raymond, of the

' Engineering & Mining Journal ' of New York, and shortly after-

wards assumed the sole charge and proprietorship of that periodical,

which, under his skilful guidance, has taken a prominent position

among the technical journals of the world. A more remarkable enter-

prise was, however, started in 1893 under the title of the 'Mineral

Industry : its Statistics, Technology, & Trade/ in which, year by year

since that date, the whole field of the world's mineral production and

its mining and metallurgical progress have been recorded in a manner

that was entirely unparalleled in technical literature. Mr. Eothwell

possessed in a high degree the power of interesting others in his

work ; and of this there can be no better evidence than the long

list of eminent contributors from all countries whose monographs

have appeared in the pages of the ' Mineral Industry.' His some-

what sudden death on April 17th, 1901, has left a gap among the

leaders of technical literature which it will not be easy to fill. He
had become a Fellow of this Society in 1897. [H. B.]

Geological science, especially in Nottinghamshire, has received a

severe blow by the loss of Mr. James Shipman, whose tragically

sudden death took place on November 21st last, at the age of

53 years. Owing to his extremely shy and retiring disposition, he

was not so well-known outside his own locality as his great abilities

and wide knowledge merited, for few men with equally restricted

opportunities have done so much for local geology. While still a
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Touth we find him attending the evening classes in geology at the

Mechanics' Institution under the late Mr. Edward Wilson, in con-

junction with whom he afterwards did much excellent work. Hi*

first published paper seems to have been ' On a Conglomerate at

the Base of the Lower Keuper,' which appeared in the Geological

Magazine for 1877 ; and this was followed at frequent intervals

during the next 12 or 15 years by papers on the Triassic, Permian,

and Carboniferous rocks of Nottinghamshire, the alluvial deposits

of the Trent and Leen Valleys, the bone-caves of Cresswell Crags,

etc. Eor several years before his first article appeared, however, he

had been laboriously engaged in tracing and mapping the boundaries

of the formations in and around Nottingham, and the results of his

labours were incorporated in the second edition of the Geological

Survey Map, issued in 1880, Mr. Aveling, in the accompanying

Memoir, handsomely acknowledging the great assistance that he

had derived from Mr. Shipman's work. In 1884 a large-scale

geological map of the borough of Nottingham, by Mr. Shipman,

was published by the Corporation as an Appendix to a Report of

the Health Committee. He was elected a Fellow of the Geological

Society of London in the following year.

It is hardly too much to say that for over 30 years not an ex-

cavation was made in Nottingham, whether for the foundations of

a building, the construction of a sewer, new road, or railway, but

Mr. Shipman might have been seen, note-book, tape-measure, and

hammer in hand, carefully noting every variation in the strata,

thickness and dip of the beds, direction and amount of throw of the

faults, etc. Every boring for coal and water was visited time after

time, the cores were carefully examined, and a detailed section of the

borehole was drawn carefully to scale. No fact, however trifling,

was deemed too unimportant for notice, and this extreme thorough-

ness and conscientiousness was the keynote of all his work.

Nor did he confine his attention to geology alone. The clearing

away of condemned areas, the construction of new railways, and

especially of the great Victoria Station, which have so profoundly

changed the appearance of the centre of Nottingham during recent

years, led to many archaeological discoveries of the greatest interest

and importance.

Not the least valuable part of Mr. Shipman's services to geology

was the interest that he created in his favourite science among his

fellow-citizens, and especially among working-men. He had long

been a teacher at the Men's Sunday Morning Institute & Pleasant

Sunday Afternoon Classes, and from these two bodies he gathered
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round him a band of men who formed themselves into a Saturday

afternoon Rambling Club for outdoor work in geology. Of this

Club he remained President and leader up to the last, preparing

for the use of the members a set of beautiful maps and sections

of the strata around Nottingham, which he had lithographed, and

coloured by hand himself. Recently he drew up and published a

coloured ' Table of the Stratified Rocks of the British Isles/* giving

details of thickness, typical areas, conditions of deposit, character-

istic fossils, etc., with a separate column on a larger scale showing

the local (that is, the Nottinghamshire) development. He had been

repeatedly urged to utilize his unrivalled knowledge in preparing a

detailed work on the geology of Nottinghamshire, and it is believed

that he had such a work in contemplation at the time of his death.

It is greatly to be hoped that his papers have been left in such a

condition that this desirable object may still be carried out.

Gentle as he was, self-effacing, and retiring to an unusual degree,

only those who knew Mr. Shipman we]l were aware of the indomit-

able energy and industry which enabled him, in spite of scant leisure,

straitened means, and health which was never robust, to accomplish

an amount of work of which any man might have been proud.

Among these his memory will long be cherished. [J. W. C]

Information has only lately reached us of the death on December 9th,

1900, of the Rev. Frederick Smiths, M.A., LL.D., vicar of Church-

down (Gloucestershire). Dr. Smithe, who belonged to an Irish

family, was born in 1822 and educated at Trinity College, Dublin.

He was presented to the living of Churchdown (or ' Chosen,' as it is

locally pronounced) in 1858, and in the same year he was elected a

Fellow of this Society. Residing, as he now did, on an outlier of

the Middle and Upper Lias, these formations naturally attracted a

large share of Dr. Smithe's attention, and he pursued his observations

on Dumbleton Hill and elsewhere, the results being communicated

to the Cotteswold Naturalists' Field Club. He discovered opercula

of Euomphalus in the Wenlock Limestone on the borders of May
Hill, and in addition to his studies on mollusca and brachiopoda,

he contributed to the Proceedings of the Cotteswold Club papers

on vivianite, celestite, and on the behaviour of granites when

exposed to high, temperatures. 1 [H. B. W.]

1 Most of the above particulars are derived from the Presidential Address of

Mr. E. B. Wethered to the Cotteswold Naturalists' Field Club, Proc. vol. siv

(1901) p. 2.
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Prof. Ralph Tate, who was born in 1840 at Alnwick in North-

umberland, was a nephew of George Tate, so well known in con-

nection with the Berwickshire Naturalists' Club. After studying

at the Cheltenham Training College and the Royal School of

Mines, he received an appointment as teacher of natural science

at the Philosophical Institution, Belfast. Here he devoted himself

with great assiduity to a study of the natural history of the neigh-

bourhood, and assisted in founding the Belfast Naturalists' Field Club.

His researches on the Lias and on the Cretaceous rocks of Antrim

were communicated to our own Society, and published in the

Quarterly Journal. In 1864 he was appointed Museum Assistant

to the Society (of which he had become a Fellow in 1861), and during

three years worked chiefly at the Secondary fossils in our collections.

One result of this was an important paper on the Secondary fossils

from South Africa preserved in the Society's Museum.

In 1867 and 1868 he was occupied in exploring parts of

Nicaragua and Yenezuela for a mining company, and some of his

observations were communicated to this Society. He was sub-

sequently engaged in teaching, in the Trade & Mining School at

Bristol. He now renewed his work on the Lias, and gave the

results to this Society in a paper ' On the Palaeontology of the

Junction-Beds of the Lower & Middle Lias in Gloucestershire'

Quart. Journ. Geol. Soc. vol. xxvi (1870).

In 1871 he became a teacher in the Mining School at Darlington,

and afterwards at Redcar. Here he devoted his leisure-time to an

exhaustive study of the Yorkshire Lias, and ultimately, in con-

junction with the Rev. J. F. Blake, the well-known work on this

subject was published. Meanwhile several geological papers had

been written by Tate, notably those on the Lias about Radstock,

and on the palaeontology of Skye & Raasay, both of which added

largely to our knowledge.

He had also prepared for Weale's Series a Rudimentary Treatise

on Geology in two parts, the first of which was based on Portlock's

excellent little work. He published, moreover, a valuable supple-

ment to S. P. Woodward's ' Manual of the Mollusca.'

In 1875 Tate was appointed Elder Professor of Natural Science

in the University of Adelaide (South Australia). This post he

occupied until the close of his life. His time was now given

mainly to a study of the Tertiary and recent fauna and flora of

the colony, his observations extending into the Northern Territory

during an expedition in 1882. The list of his scientific papers
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relating to Australia is a lengthy one, and this has lately been

published. 1 He was the chief founder of the Eoyal Society of

South Australia, and he was chosen President of the Australasian

Association for the Advancement of Science in 1893.

He died on September 20th, 1901. [H. B. W.]

Although he had resigned his Fellowship a few years ago, it will

not be inappropriate to refer to the death of Samuel Rowles

Pattison, who joined the Society in 1839, and would have been

one of our oldest Fellows, for he was born in 1809. In early years,

when resident at Launceston, he worked at the geology of parts

of Cornwall, communicating a number of papers to the journals of

local societies. Both De la Beche and John Phillips, during their

investigations on the rocks and fossils of the West of England,

received help from Mr. Pattison, whose collection from the Upper

Devonian Limestone of South Petherwin aroused much interest.

In De la Beche's Report (p. 107) there is a sketch of a road-section

near Launceston, made, in 1837, by him ' in company with

Mr. Pattison, of Launceston, and Mr. Holl'— Dr. Harvey B. Holl.

To our Quarterly Journal (vol. x) Mr. Pattison contributed a

paper on an auriferous quartz-rock at Davidstowe, in Northern

Cornwall.

Throughout his long life he was a quiet and unostentatious

worker at geology, although his time was greatly occupied in his

profession as a solicitor. He served on our Council, and his legal

knowledge was for many years of great service to us. He also

took much interest in the Geologists' Association, of which body he

was for a short time Treasurer.

In 1849 he published a little book entitled ' Chapters on Fossil

Botany,' and he issued other works, some being pamphlets, on

geology in its relation to Biblical records.

He died on November 27th, 1901, at the advanced age of ninety-

two. [H. B. W.]

1 See obituary notice by the Rev. J. F. Blake (Geol. Mag. 1902, p. 87). To
this article and to the 'South Australian Advertiser' of Sept. 21st, 1901, we

are indebted for many of the above particulars.
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THE EVOLUTION OE PETROLOGICAL IDEAS.

Last year I selected as the subject of my address the evolution of

petrological ideas during the nineteenth century, but considerations

of time and space obliged me to confine my remarks to the igneous

rocks. On the present occasion I propose to continue the subject,

by treating of the sedimentary rocks and the crystalline schists

from the same point of view.

The numerous and exacting duties which have devolved upon me
in consequence of the change in my position have prevented me
from giving that attention to the subject which its importance

demands, and I have therefore to ask for your indulgence. What I

have to offer to you must be regarded only as a brief and imperfect

sketch.

Let us consider, first of all, the

Sedimentary Rocks.

The resemblance of many of the stratified rocks to the deposits

formed in rivers, lakes, and seas was recognized at the beginnings

of the century ; and the true principles by which their origin can

be explained were clearly realized by Hutton and Playfair ; but so

long as the catastrophic theory of Cuvier and others dominated the

world of geological thought, any great advance was impossible.

The first volume of LyelFs ' Principles ' appeared in 1830, the second

in 1832, the third in 1833, and from that time onward the idea

that observed facts, so far at least as the sedimentary rocks are

concerned, must be explained by causes now in operation has

influenced geological research and controlled geological thought in

this country. The same idea spread more slowly in Germany,

where its progress was retarded by the influence of Von Humboldt

and Yon Buch, and still more slowly in Erance, where the catas-

trophic theory of Cuvier was supported by Elie de Beaumont and

Alcide d'Orbigny. But it finally prevailed, and the growth of our

knowledge with regard to the sedimentary rocks became slow and

sure. So far as we are in a better position than our ancestors, this

is due to the fact that we have more knowledge of the chemical,

physical, and organic processes involved ; a deeper insight into the

nature of the rocks themselves ; and a better acquaintance with the

deposits now in course of formation.

The growth of knowledge in each of these three departments
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has largely influenced the evolution of ideas, but to trace this

influence in detail is obviously impossible within the limits of an

address like the present. All that I can do is to call attention to

the more salient features, and to illustrate my remarks by a few

examples of exceptional interest or importance.

The great work on Chemical & Physical Geology by Gustav

Bischof—the English translation of which appeared in 1854—marks

an epoch in the history of our knowledge of the chemical and

physical processes involved in the production of sedimentary rocks.

It still remains a classic, for no writer since his time has combined

the same knowledge of the facts of both chemistry and geology

with the same powers of lucid exposition. He cannot, however, be

regarded as a true prophet on all points, for in the preface to

the English edition, after pointing out the necessity of further

experimental research for the purpose of extending our knowledge

of the processes concerned in the destruction, formation, and

metamorphosis of rocks, he says :

—

'The plutonic explanations, founded frequently on untenable hypotheses,

will then retire more and more into the background, and at length vanish

entirely out of science.'

But his pronounced neptunism detracts but little from the value of

the work, for it is always possible to separate fact from theory,

aud, so far at least as the sedimentary rocks are concerned, his

neptunism is not altogether out of place.

The striking feature of Bischofs original work lies in the fact

that it consisted very largely of experimental research suggested

and controlled by an intimate knowledge of the facts of geology.

He has had but few followers ; nevertheless it is satisfactory to

note that during recent years there has been a tendency to return

to his methods. This is seen in such researches as those of Murray

& Irvine ' On the Chemical Changes which take place in the

Composition of the Sea-Water associated with Blue Muds on the

Floor of the Ocean' 1 and 'On the Manganese-Oxides & Manganese-

Nodules in Marine Deposits

'

a
; of Van 't Hoff and his students on

the conditions under which the Stassfurt salts were deposited ; and

of various Russian observers 3 on the chemical, physical, and physio-

logical processes involved in the formation of the deposits of the

1 Trans. Boy. Soc. Edin. vol. xxxvii (1893) p. 481.

^ Ibid. vol. xxxvii (1894) p. 721.

:5 Guide des Excursions du TII«me Congres Geologique International (1897)

:

Xo. xxix, 'La Mer Noire' by Prof. X. Andrussov.
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Black Sea and its inlets. In the same category we must place

the paper ' On the Origin of certain Concretions in the Lower Coal-

Heasures' recently communicated to this Society by Mr. Stocks.

At the beginning of the century but little was known as to the

composition of the sedimentary rocks. The methods available for

their examination were of a very primitive character, and wholly

insufficient in many cases to supply the necessary data for ascer-

taining their mode of formation. The discovery and application of

precise methods of chemical analysis, and the introduction of the

microscope, have placed us in an entirely different position from

that occupied by our ancestors. Just as Bischofs name stands out

pre-eminently in the domain of chemical geology, so does that of

Ehrenberg in the field of microscopic petrology as applied to sedi-

mentary rocks. The proof which he supplied of the important

part played by minute organisms in building up siliceous and

calcareous deposits enormously enlarged our conceptions of the

duration of geological time, and threw a flood of light on the con-

ditions under which certain groups of stratified rocks have been

formed. The work which he inaugurated was carried still farther

l)y the introduction of the study of thin slices, and has been

continued with uninterrupted success up to the present time. It is

too well known to need more than a passing reference.

Huch chemical and petrographical work has been done on sedi-

mentary rocks : at the same time it is very small, in comparison with

what remains to be done. Petrologists have been content for the

most part to leave these rocks to the palaeontologists, who have

searched them for fossils with the greatest zeal, but who, in most

cases, have had neither the time nor the inclination to pay attention

to the structure and composition of the deposits. This is a mis-

fortune, for it is only by a combination of petrographical, palseonto-

logical, and stratigraphical work that the natural history of the

sedimentary rocks can be made out. In reading papers of the

greatest stratigraphical importance, in which the distribution of

fossils is described, and in studying the rocks in the field, I have

often been much struck with the extreme meagreness of the pub-

lished information as to the nature of the deposits and the mode
of occurrence of the fossils. It is, perhaps, too much to expect one

man to study these rocks from all points of view ; and if so,

the remedy must be found in co-operation, which is certainly

becoming more and more necessary as the complexity of the problems

increases. It must not, however, be forgotten that there are some



lxvi PKOCEEBINGS OF THE GEOLOGICAL SOCIETY. [May I9O2,.

notable exceptions to the general statement that I have just made. I

may refer, for example, to the important paper by Gunnar Andersson

on the Cambrian and Silurian phosphatic rocks of Sweden, to

which I have directed attention in another place, and to the work

of Cayeux, William Hill, and Hume on the French and English

Chalk

But, after all, it is to the increase in our knowledge of the sedi-

ments now in coarse of formation in depressions and hollows of the

lithosphere, that the evolution of ideas is mainly to be attributed.

So long as geologists were acquainted only with the deposits forming

along sea-margins and in areas of open drainage, they were in-

sufficiently supplied with the data necessary to enable them to

investigate the natural history of many stratified deposits. Geo-

graphical and oceanographical exploration during the latter half of

the century have greatly enlarged our conceptions, and given

precision and definitcness to ideas that must otherwise have remained

vague and uncertain.

We now know that ocean-basins and desert-regions are the

principal areas of deposition, and that the rocks which are forming

in both these areas have their geological representatives. Ocean-

basins form the ultimate receptacle for the mechanical detritus

washed down by rivers from areas of open drainage. This detritus,

together with that worn from the coast-lines, is distributed by waves,

tides, and currents along the margins of the continents in such a

way that the coarser deposits are laid down near the shores, and the

finer deposits out at sea. A narrow zone of shingle spreads along the

shore, then a broader zone of sand, and, finally, a still broader zone

of mud, generally blue, but sometimes red, where tropical rivers

supply the sediments from regions in which the surface-weathering

is of the lateritic type. The mechanical sediments shade into the

organic, and these again into the abyssal red clays. Areas of open

drainage have, as a rule, a moist climate, and the mechanical

sediments deposited in the open ocean therefore represent the more

or less insoluble residues of the crystalline rocks, and consist

largely of such substances as quartz, mica, zircon, rutile, ilmenite,

cyanite, hydrated aluminous silicates, and the oxides of iron and

manganese. The soluble constituents—lime, magnesia, and the

alkalies—may be carried to an indefinite distance from the land,

and can only be separated by organic or chemical agencies.

Organisms are abundant, and their hard parts are often preserved

in the deposits ; moreover, the presence of organic matter exercises
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an important influence on the nature of the deposits. The work of

Russian observers in the Black Sea, and that of Murray & Irvine,

to which reference has already been made, is so suggestive and

important from the latter point of view, that I make no apology for

giving a brief account of it, especially as it introduces a new idea.

The surface-waters of the Black Sea contain free oxygen, and

support an abundance of organic life ; but the deeper and denser

waters are charged with sulphuretted hydrogen, and the only

organisms present are anaerobic bacteria. The amount of sul-

phuretted hydrogen increases with depth. At 100 fathoms there are

33 cubic centimetres in 100 litres, at 200 fathoms 222 c.c, and at

1185 fathoms 655 c.c. According to the researches of Zelinsky and

Brussilovsky, the anaerobic bacteria play an important part in the

chemical changes which result in the formation of sulphuretted

h5'drogen. Several bacteria have been observed, but one only (Bac-

terium hydrosulphurieumponticum) has been studied in detail. This

bacterium possesses the power of liberating sulphuretted hydrogen,

not only from organic matter containing sulphur, but also directly

from sulphates and sulphites ; and the authors just named maintain

that the whole of the sulphuretted hydrogen in the sea-water has

been derived from the sulphates in this way. While accepting the

view that a large part of the sulphuretted hydrogen has thus been

formed, Prof. Andrussov believes that a portion of it is due to the

putrefaction of the sulphur-bearing organic matter which falls from

the surface into the deeper stagnant waters. But all are agreed

that the sulphates of the sea-water are acted upon, and that as a

final result sulphuretted hydrogen and carbonates are formed.

Changes of the opposite kind take place in the zone where the

water containing sulphuretted hydrogen comes into contact with

that containing oxygen. This zone occurs at a depth of about

200 fathoms. Here the sulphuretted hydrogen becomes oxidized,

and sulphates are formed at the expense of carbonates. According

to the researches of Tegunov and Vinogradski, the change is

brought about by the so-called sulphur-bacteria. Like the iron-

bacteria, which give rise to important deposits of bog-iron ore, and

the nitrifying bacteria which produce saltpetre and probably assist

in the decomposition of many rocks, these sulphur-bacteria derive

the energy necessary for their existence from the oxidation of

inorganic compounds. Sulphuretted hydrogen and carbonates are

necessary for their existence. They separate sulphur in their cells

in the form of soft oily globules, and the oxidation of this sulphur
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supplies the necessary vital energy, and converts the carbonate

present into sulphate with the liberation of carbon-dioxide. Thus

under anaerobic conditions, such as those which exist in the deeper

portions of the Black Sea, carbonates are formed at the expense of

sulphates, while under aerobic conditions, such as those which exist

at a depth of about 200 fathoms in the same sea, sulphates are

formed at the expense of carbonates.

The deposits found in the Black Sea are such as would be expected

under these conditions. It is only in shallow water that oxides of

iron and manganese are found. The deposits which underlie the

deeper stagnant waters are analogous with the blue muds of the

open ocean, from which they differ in containing a variable amount

—in some cases over 40 per cent.—of amorphous carbonate of lime,

and a much greater amount of sulphide of iron. The last-mentioned

constituent is of special interest. It is found in all the deposits

from 220 fathoms down to the greatest depths, usually as minute

spherules, disseminated through the mud or deposited in the diatoms^

but sometimes occurring as larger spherules or in elongated irregular

forms suggestive of minute twigs. These observations throw im-

portant light on the origin of the pyritized diatoms of the London

Clay, and the minute spherules and twig-like forms of pyrites so

common in the washings of Kimmeridge and many other fine-

grained argillaceous deposits.

In regions where there is a free vertical circulation the chemical

conditions which prevail throughout the greater portion of the

Black-Sea basin are found only in the deposits themselves, and

chiefly in the blue muds, the waters of which often contain

sulphuretted hydrogen. The chemical changes which go on both

in and at the surface of these mads have been worked out in great

detail by Murray & Irvine, and the results are published in the

papers to which I have already referred. Iron and manganese are

often found in solution in the head-waters of streams as carbonates,

especially in those streams which drain peat-bogs ; but they are

soon thrown down as oxides on pebbles and other objects on the

beds of the streams. These oxides may be rubbed off the pebbles,

carried out to sea, and deposited along with the fine argillaceous

material. Owing to the presence of organic matter in the blue

muds, reduction takes place. The iron is fixed in the deposit as a

sulphide, but the manganese-sulphide is decomposed by carbonic

acid, which is necessarily present, thus giving rise to sulphuretted

hydrogen and a soluble bicarbonate of manganese, which diffuses
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upward until it comes into contact with sea-water containing free

oxygen. Here the manganese is thrown down, either at the surface

of the deposit, or on any objects that may be lying exposed on the

sea-bed. In this way the manganese-nodules so common in certain

portions of the Clyde sea-area are accounted for. It will be noted

that the reactions lead to a concentration of the manganese at the

surface of the deposit, and to a chemical separation of manganese

from iron.

My object in going into these details has been to show that recent

oceanographical research has greatly enlarged our conceptions of the

processes involved in the formation of marine sedimentary deposits,,

and that we may look forward to a rapid advance in knowledge

when these deposits are examined in the same way and by the same

methods as those to which I have referred.

But the natural history of our sedimentary formations requires

for its elucidation, not only a study of the phenomena taking place

in sea-basins and areas of open drainage, but also of those of desert-

regions and areas of closed drainage. The recognition of this fact,

by Eamsay and others between thirty and forty years ago, marks a.

distinct advance in the evolution of ideas. Our knowledge of the

phenomena of desert -regions has been greatly increased since

Ramsay wrote his suggestive papers, by the observations of Blanford,

0. Fraas, Schweinfurth, Zittel, Richthofen, Walther, and others.

Dr. Blanford's paper on the superficial deposits of Persia,
1 commu-

nicated to this Society nearly thirty years ago, gives us a vivid

picture of the essential features of desert-regions. Vast plains of

fine, pale-coloured, sandy earth, covered in places by shifting sand-

dunes and often impregnated with salts ; gentle slopes of gravel

and boulders with a surface-inclination of from 1° to 3°, reaching

upward from the borders of the plains towards the high ground, and

often attaining a width of from 5 to 10 miles ; and broad valleys

choked with debris debouching on the plains. It is a picture of

an old, uneven land-surface, which is being slowly buried under

its own ruins.

Of late years Prof. Walther has made a special study of desert-

regions from a geological point of view, and his fascinating book,

' Das Gesetz der Wiistenbildung,' based on personal observations-

in the deserts of Egypt, Arabia, Turkestan, and North America^

must be read by all those who desire to realize the conditions under

1 Quart. Journ. G-eol. Soc. vol. xxix (1873) p. 493.
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which our great continental formations, such as the Torridonian,

the Old Red Sandstone, and the Trias, have originated.

Deserts and areas of closed drainage, like ocean-basins, are the

receptacles for the detritus worn from the surrounding lands; but

the phenomena of denudation and deposition are widely different in

the two cases. Dry weathering, torrential rains, and wind are the

three most potent agents in arid climates, and by their combined

action inland rock-basins of vast extent become filled with enormous

accumulations of detrital material. The violent extremes of tempe-

rature not only detach fragments from every exposed surface, but

often loosen the constituents of crystalline rocks, so that at the

slightest touch a piece of apparently solid granite will crumble into

sand, leaving the felspars as fresh as when they formed a part of

the original rock.

Cloud-bursts follow at intervals of months or years, and the vast

accumulations of detritus of all kinds, both large and small, mingling

with the waters, are swept along in one tumultuous flood and spread

out over the plains in extensive flat fans. The action is so sudden

and catastrophic, that there is no time for that careful sorting of

materials according to size and specific gravity, which takes place

during the formation of marine deposits. JSand-dunes wander over

the plains, and cover up the coarse breccias and conglomerates formed

by the torrential rains, and then follows another cloud-burst.

Wind sweeps the deserts free from dust, and spreads it far and

wide over the surrounding districts to form, under favourable

circumstances, the thick beds of loess with which Richthofen has

familiarized us.

But areas of closed drainage are not entirely desert. The rainfall

may be sufficient to form temporary or permanent streams ending

in salt-marshes, salt-lakes, or inland seas which may contain the

dwarfed relics of a marine fauna, rich in individuals but poor in

species, and give rise to the formation of beds of rock-salt and

gypsum, such as those with which the geologist is familiar.

Thus geographical and oceanographical researches during the

latter half of the century, combined with a study of the stratified

rocks, have brought into prominence the contrast between conti-

nental and marine formations, and have familiarized us with the

different ' facies ' of these two strongly contrasted types. We can

now picture to ourselves the onward sweep of the sedimentary

zones, as the sea slowly advances upon the land and deposits its

sediments upon a plain of marine denudation, and the gradual dis-
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appearance of the inequalities of an area of closed drainage beneath

terrestrial accumulations of enormous thickness, represented by loess,

sand-dunes, dry deltas, screes, and the subaqueous deposits of salt-

lakes. If similar conditions prevailed in the past, two strongly

contrasted types of unconformity may be expected to occur : one

characterized by marine deposits resting on a plain of denudation,

and the other by continental formations resting on an old uneven

land-surface. The North-west of Scotland and the South-west of

England present us with admirable examples of both types of un-

conformity. The base of the Torridonian is an old, uneven land-

surface, whose mountains and valleys lie buried under huge accumu-

lations of sandstone, conglomerate, and breccia ; but the base of the

Cambrian is a smooth plain, whose inequalities are due to the later

earth-movements. Similarly, in the West of England the base of

the New Red Sandstone is uneven, whereas that of the marine

Cretaceous is smooth and approximately horizontal.

The point at which we have arrived may now be briefly sum-

marized. The sedimentary rocks form a well-defined natural

group. They arise in consequence of complex chemical, physical,

and organic processes, depending on reactions between the hydro-

sphere and atmosphere on the one hand and the lithosphere on the

other.

Crystalline Schists and Metamorphic Hocks.

I now approach the most difficult portion of my task—that which

deals with the history of opinion on metamorphic rocks and the

crystalline schists. It is scarcely possible even to enumerate all

the diverse views that have been expressed as to the origin of

the crystalline schists. Some geologists have maintained that they

are portions of the original primitive crust ; others that they

are chemical precipitates from a primordial ocean ; others that they

are the result of a peculiar kind of metamorphosis, diagenesis,

acting on the chemical precipitates of such an ocean ; others that

they are due to metamorphic processes operating upon ordinary

sediments without seriously disturbing, or in any way obliterating,

the original order of stratification ; and others that they are the

result of dynamic and thermal agencies affecting complex systems

of igneous and sedimentary rocks. On looking back at the nineteenth

century we see all these ideas, and many others, struggling for

existence. Natural selection has been at work, to the detriment, as

it seems to me—and I make no claim to the position of impartial

vol. lviii.
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historian in this matter,—of all those theories that would explain

the crystalline schists by reference to physical conditions essentially

different from those which have prevailed during successive geological

periods.

Most of the earlier ideas were based on the assumption that the

crystalline schists form a natural group, whose origin must therefore

be explained by some comparatively simple hypothesis ; but the de-

tailed researches of the later decades have shown that this assumption

is wrong. It is now generally recognized that these rocks present

us with structural and petrographical problems of great complexity.

Excluding the gneisses of igneous origin, which form a large portion

of the group, I believe that the other rocks may for the most part

be classed as rocks of either mixed or metamorphic origin. I propose,

therefore, to limit my remarks almost entirely to the growth of

ideas on the subject of metamorphism.

Hutton's ' Theory of the Earth ' (vol. i, pp. 375-76) contains

this remarkable passage. I have quoted it before, but it will bear

repetition :

—

1
If, in examining our land, we shall find a mass of matter which had evidently

been formed originally in the ordinary manner of stratification, but which is

now extremely distorted in its structure, and displaced in its position,—which

is also extremely consolidated in its mass, and variously changed in its com-

position,— which therefore has the marks of its original or marine composition

extremely obliterated, and many subsequent veins of melted mineral matter

interjected
; we should then have reason to suppose that here were masses of

matter which, though not different in their origin from those that are gradually

deposited at the bottom of the ocean, have been more acted upon by sub-

terranean heat and the expanding power, that is to say, have been changed in a

greater degree by the operations of the mineral region. If this conclusion

shall be thought reasonable, then here is an explanation of all the peculiar

appearances of the Alpine schistus masses of our land, those parts which have

been erroneously considered as primitive in the constitution of the earth.'

Hutton made no attempt to frame a classification of rocks in

accordance with his theory ; but this was done some forty years

later by Lyell, who crystallized the main ideas which are expressed

in this paragraph in the one word, metamorphic.

Modern ideas on the subject of metamorphism have been slowly

elaborated by a long course of observation and experiment. Sir

James Hall was the first to realize the value of experiment for the

purpose of verification. Hutton's theory required that ordinary

limestone should pass into crystalline marble under the combined

influence of heat and pressure. Hall enclosed the powder of lime-

stone in hermetically sealed tubes and proved that this actually
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took place. It was a laborious research extending over many years,

and involving more than 500 experiments. He sums up his results

as follows :

—

' By this joint action of heat and pressure the carbonate of lime, which had

been introduced in the state of the finest powder, is agglutinated into a

firm mass, possessing a degree of hardness, compactness, and specific gravity,

nearly approaching to these qualities in a sound limestone ; and some of the

results by their saline fracture, by their semi-transparency, and their suscepti-

bility of polish, deserve the name of marble. The same trials have been made

with all calcareous substances ; with chalk, common limestone, marble, spai\

and the shells of fish.'
x

But Hutton's theory, even after this striking verification by Hall,

attracted little attention until it was resuscitated by Lyell. Then

it began to spread. In 1856, ' The Metamorphism of Rocks' was

made the subject of the Bordin Prize by the Academy of Sciences of

Paris, and two years later the award was made to Daubree, whose

classic essay contains an account of the celebrated experiments

on the effect of superheated water and saline solutions on glass,

obsidian, and other substances.

The growth of ideas on the subject of metamorphism has, how-

ever, been mainly determined by^observation, and especially by

the study of the effects produced in connection with the intrusion

of masses of molten material. Here, again, the example was set by

Sir James Hall. In his remarkablefpaper on ' The Vertical Position

& Convolutions of certain Strata & their Relation with Granite,' 2

he says :

—

' The quality of this stratified mass [the Lower Palaeozoic formations of the

Southern Uplands of Scotland], from one side of the island to the other, seems

to be uniform throughout, except^in the immediate neighbourhood or contact

of the granite, where it assumes a micaceous character, approaching to the

nature of gneiss or mica-slate. This furnishes a most notable indication of

the action of heat, since the granite, by its local intensity, has performed the

very effect which Dr. Hutton ascribes to the general heat below, as acting upon

the lower beds, and converting them^into gneiss.'

An immense amount of information^ to the phenomena accom-

panying the intrusion of igneous rocks has been gained since Hall's

time. Innumerable granite-masses have been mapped, and the

contact-rocks have been examined by modern petrographical methods.

We are now familiar with the changes which take place in lime-

stones, dolomites, slates, sandstones, cherts, greywackes, diabases,

andesites, and many other kinds of sedimentary and igneous rooks

1 Trans. Eoy. Soc. Edin. vol. vi (1805) p. 95.
2 Ibid. vol. vii (1812) pp. 106-107.
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as granite-margins are approached. In areas like the Lake District

and the Vosges, where the contact-phenomena have been so well

described by Ward and Kosenbnsch, granite was intruded into

folded sediments after the folding-stresses had ceased to act. There

is no appreciable change in the chemical composition of the sedi-

ments. The rocks are simply crystallized.

But the contact-effects are not always so simple as in these cases.

The intrusive origin of many gneisses advocated long ago by Scrope

and Darwin is now universally accepted. Any comparative study

of contact-areas, therefore, must not be limited to granite-contacts,

it must take into consideration also the phenomena associated with

the intrusion of gneiss. Now, it is precisely by this comparative

study of contact-areas that our ideas on the subject of metamorphism

have been so greatly enlarged during the last decade of the century.

The principle is one which has been applied with success in other

branches of geology. It consists in studying a denudation-series.

We cannot artificially prepare horizontal sections of the earth's

crust, so as to reveal the structure of a mass at different levels ; but

Nature has furnished us with a series of such sections in different

areas, and by piecing these together in the proper order we can

give an insight into the phenomena which belong to the deeper

zones. The importance of this principle has been strongly emphasized

by M. Michel Levy, and applied by Prof. Barrois with most

interesting results to the various granite-masses of Britanny.

In connection with work of this kind a question of great

importance has arisen : namely, the extent to which mixed rocks

—

or mi c to sites, as they may be called, if a special term be thought

desirable—are produced. Although in many cases, especially those

which belong to the higher levels, there is a sharp contrast between

the intruding rock and that into which the intrusion has taken

place, in others the contrast is less marked, and hand-specimens may

be obtained which are neither igneous nor sedimentary, but a mixture

of the two. I may illustrate the point by a case which came under

my own observation—that of a cordierite-gneiss from Aberdeenshire.

The igneous portion of the rock is composed of oligoclase, biotite,

micropoikilitic orthoclase, and quartz ; the sedimentary portion of

cordierite, quartz, biotite, sillimanite, iron-ores, and a green spinel.

The sedimentary rock into which the granite-magma was intruded

is now represented by somewhat ill-defined shreds, patches, and

streaks, in a paste of igneous origin. M. Michel Levy recognizes

two types of intermixture : the one taking place by superposition,
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the other by injection lit par lit. In the former type the impreg-

nation is of a most intimate character, so that there is no distinct

separation of the two elements ; in the latter type the compound

rock consists of alternating folia of granite and sedimentary

material. Excellent examples of lit -par -lit injection have been

described by Messrs. Home & Greenly in their joint paper ' On

Foliated Granites & their Relations to the Crystalline Schists in

Eastern Sutherland.'
1

Prof. Lehmanirs 'injected mica-schists
?

(Injicirte Glimmer-schiefer) illustrate the same point.

But mixed rocks may also be formed by the injection of one kind

of igneous rock with another. Basic rocks are often seen to be

veined and brecciated by acid material, and the gradual passage of

such complex masses into banded gneisses under the influence of

differential movement has been described by Prof. Lawson, myself,

Messrs. Bonney & Hill, and many other observers. Prof. Sollas

greatly enlarged our conceptions as to this class of phenomena by

his important paper on the relations of the granite and gabbro of

Barnavave in the district of Oarlingford ; and the same ideas have

still further been expanded by Mr. Harker, Prof. Cole, and

Mr. Parkinson. We now know that the surrounding rocks may,

under certain circumstances, be disintegrated and the fragments

(xenoliths) and individual minerals (xenocrysts) so uniformly

distributed through the invading magma as to produce mixed rocks

on a large scale. We are also asked to believe that the process of

absorption may proceed still further, and give rise to magmas of

intermediate composition, which in the solidified form may contain

no visible evidence of the manner in which they have been produced.

Any account of the evolution of ideas on the subject of contact-

metamorphism would be incomplete, without a reference to deep-

seated fumarole or pneumatolytic action. Exhalations of boracic,

hydrofluoric, and hydrochloric acids have often produced important

effects, as shown in the development of such minerals as tourmaline,

topaz, axinite, datolite, and scapolite in the surrounding rocks.

In the simplest cases of igneous contacts the intrusions have

taken place after the folding movements have ceased, and the

contact-minerals sometimes contain records of these earlier move-

ments in the arrangement of the inclusions ; but, in other cases,

there is evidence of intrusion while these movements were still

going on. The plutonic rocks, the mixed rocks, and the surrounding

metamorphic rocks may then receive a common foliation. The

1 Quart. Journ. Geol. Soc. vol. lii (1896) p. 633.
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effects of the intrusion of a plutonic magma under the influence of

the stresses involved in mountain-building have recently been

discussed by Dr. Weinschenk, 1 who has suggested that the presence

of such minerals as epidote and zoisite in some of the central

gneisses of the Alps may be due to crystallization under these

conditions, or, as he terms it, to piezo-crystallization.

I have now to refer to what is general^ termed dynamo-
metamorphism. The idea may be said to have originated with

the mechanical theory of cleavage. This theory was definitely

established by the observations of Bauer (1846) and Sharpe (1847),

and by the experiments of Sorby (1853), Tyndall (1856), and

Daubree (1861). Sharpe and Darwin connected foliation with

cleavagre; but Lossen (1867) was, I believe, the first to introduce the

idea that holccrystalline schists maybe produced by the deformation

of rocks under the influence of earth-stresses. Lossen employed the

term dislocation -metamorphism, which has since almost

entirely disappeared in favour of Rosenbusch's term dynamo-
metamorphism. Now it must always be remembered that

both these terms are somewhat ill-chosen to express the views of

those who are mainly responsible for the development of the idea.

They emphasize only one of the two great physical agents involved

in the production of crystalline schists, and convey the impression

that heat is excluded. Yet in Lossen's paper on the crystalline

schists of the Taunus the action of heat in the presence of water

is expressly invoked, the mechanical theory of heat is referred to,

and it is pointed out that if work is done on rocks the temperature

must be raised. Again, Prof. J. Lehmann, who has perhaps done

more than anyone else to extend the idea, has pointed out that

the deformations usually take place under plutonic conditions,

and therefore at temperatures above those which prevail at the

surface.

The point that I am endeavouring to emphasize can be well

illustrated by a reference to the recent experimental researches of

Messrs. Adams & Nicolson on the flow of marble. 2 These authors

have definitely proved that, when marble is deformed at ordinary

temperatures by differential pressures exceeding the elastic limit of

the rock, the flow is due partly to a crushing of the individual

constituents and partly to a change in their forms brought about by

1
' Memoire sur le Dynamometamorphisme & la Piezocrystallisation

Comptes-rendus dti VIII«me Congres Greol. Internat. (1900) p. 326.

2 Phil. Trana. Eoy. Soc. vol. cxcv (1901) A, pp. 363-401.
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twinning and gliding—that is without crushing ; but that, when the

deformation takes place at about 400° C, no cataclastic structures

are produced, the whole of the movement being due to twinning

and gliding. It would perhaps clear the air if, instead of speaking

of dynamo-metamorphism when treating of the origin of certain

crystalline schists, we were to employ the term thermodynamic
metamorphism. At any rate, the reference to rocks which have

been powerfully affected by dynamic action and yet not crystallized,

as well as to others which are noncrystalline and devoid of cataclastic

structure, would be seen at once to have no bearing whatever on the

theory which Lossen, Lehmann, and others have advanced. The

fundamental conception underlying this theory is that solid rocks,

such as gneiss, granite, quartzite, and limestone, may undergo deform-

ation—may be folded, kneaded, and stretched like wax or clay under

the influence of the earth-stresses, without ever passing into the

magmatic condition. The observations of Baltzer, Heim, Heusch,

Lehmann, Lapworth, and many others have placed this fact beyond

all possibility of doubt. Prof. Lehmann's work must for ever remain

a classic, so far as this subject is concerned, on account of the

wonderful atlas of photographs with which it is illustrated. Words

are after all but a poor substitute for the facts of Nature, and

sketches not unfrequently illustrate the views of the author or the

artist, rather than the objects which they are intended to represent

;

but a properly taken photograph often shows almost as much as the

object itself, and gives the reader an opportunity of judging of

the correctness of the author's conclusions. The photographic

illustrations accompanying Lehmann's work enable the facts to

speak for themselves.

The deformation of a rock-mass can only be produce4 by a relative

movement of some, or all, of its parts. Two extreme cases may arise :

the strain may be distributed throughout a considerable mass of

rock, in which case the microscopic character of the rock will be

altered ; or it may be localized along special planes, in which case

the parts enclosed between these different planes will retain their

original characters. At first sight, it appears as if there were a

radical difference between these two types of deformation ; but, as a

matter of fact, we find in Nature a most perfect gradation between

them. Deformation of the first type is usually referred to as

plastic deformation, although the use of this expression is not

intended to imply that the individual minerals have changed their

form without changing their character or losing their individuality
;
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all that it implies is that the change in the shape of the rock-mass

is not due to the formation of visible cracks.

The microscopic examination of rocks which have been subjected

to plastic deformation has thrown great light on the nature of the

process. In some cases, it is due to a re-arrangement of the mineral

particles, as in certain slates ; in others, it is due to fracture and

trituration of the constituent minerals, as in the rocks for which

Prof. Lapworth has proposed the term mylonite; and in others it

is accompanied or followed by recrystallization, as in the typical

granulites, granulitic gneisses, and phyllites. It is quite possible

that deformation at ordinary temperatures has never produced holo-

crystalline schists.

How far will the ideas to which I have briefly referred furnish us

with an explanation of the origin of the crystalline schists ? Therino-

metamorphism will not account for the facts, neither will dynamic

metamorphism ; but if we combine the two ideas, and recognize the

fact that thermodynamic metamorphism may be associated with

the intrusion of molten mineral matter and the formation of mixed

rocks, wc find ourselves in possession of a powerful intellectual

weapon wherewith to attack many problems connected with this

puzzling group.

In saying this, however, I am far from wishing to imply that

our stock of ideas is sufficient to enable us to deal in a satisfactory

manner with the rocks in question. It is quite impossible to wander

over extensive regions composed of crystalline schists, without feeling

the inadequacy of current theories. Our ideas will change and new

ideas will arise, but there is every reason to hope that these

petrographical hieroglyphics, as they have been termed, will

ultimately be read as easily as we now read the records of the

stratified rocks.

My duties as your President are over. I thank the officers, who

have rendered my task an easy one, and I thank you all for the

honour which you conferred upon me two years ago, as well as for

the support which you have accorded to me during my term of

office.
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February 26th, 1902.

Prof. Charles Lapworth, LL.D., F.R.S., President, in the Chair.

Edwin Walter Bonwick, Esq., c/o Messrs. Bewick, Moreing& Co.,

Palmerston Buildings, Auckland (New Zealand), was elected a

Fellow of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' On some Gaps in the Lias.' By Edwin A. Walford, Esq.,

F.G.S.

2. ' On the Origin of the River-System of South Wales, and its

Connection with that of the Severn and Thames.' By Aubrey
Strahan, Esq., M.A., F.G.S.

The following specimens, etc. were exhibited :

—

Specimens and Microscope-Sections, exhibited by Edwin A.

Wr
alford, Esq., F.G.S., in illustration of his paper.

Lantern-Slides, exhibited by Aubrey Strahan, Esq., M.A., E.G.S.,

in illustration of his paper.

Eleven Photographic Platinotype Portraits (Cabinet size) of

Fellows of the Society, presented by Messrs. Maull & Fox.

March 12th, 1902.

Sir Archibald Geikie, D.C.L., LL.D., F.R.S., Vice-President,

in the Chair.

Edward Margrett, Esq., The Firs, Hamilton Road, Reading, was
elected a Fellow of the Society.

The List of Donations to the Library was read.

The Rev. H. H. "Winwood thanked the Chairman for allowing

him to introduce the water-colour drawings by his friend, Miss Breton,

of some of the grandest canons in North America. The geological

accuracy of the drawings might be attributed to the fact that

Miss Breton was the daughter of an old Fellow of the Geological

Society.
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The followiDg communications were read :

—

1. 'The Crystalline Limestones of Ceylon.' By Ananda K.
Coomara-Swamy, Esq., B.Sc, F.L.S., F.G.S.

2. ' On some of the Proterozoic Gasteropoda which have been

referred to Murchisonia and Pleurotomaria, with Descriptions of

New Subgenera and Species.' By Miss Jane Donald. (Communi-
cated by J. G. Goodchild, Esq., F.G.S.)

Besides the water-colours mentioned on p. lxxix, the following

specimens were exhibited :

—

Bock-Specimens, Microscope-Sections, and Lantern-Slides, ex-

hibited by A. K. Coomara-Swamy, Esq., B.Sc, F.L.S., F.G.S., in

illustration of his paper.

Specimens and Casts, exhibited in illustration of the paper by
Miss Jane Donald.

March 26th, 1902.

Prof. Charles Lap-worth, LL.D., F.B.S., President, in the Chair.

Edgar Lines, Esq., Civil Engineer, Chesterfield, was elected a

Fellow of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' On a Remarkable Inlier among the Jurassic Bocks of Suther-

land, and its Bearing on the Origin of the Breccia-Beds.' # By the

Bev. John Frederick Blake, M.A., F.G.S.

2. ' On a Deep Boring at Lyme Begis.' By Alfred John Jukes-

Browne, Esq., B.A., F.G.S.

The following specimens, etc. were exhibited :

—

Lantern-Slides, exhibited by the Bev. J. F. Blake, M.A., F.G.S.,

in illustration of his paper.

Photographs of the Upper Jurassic Beds of Sutherland, taken by

Mr. R. Lunn, and exhibited by the Director of H.M. Geological

Survey.

Cores from the Boring at Lyme Begis, obtained through Mr. A. C.

Pass, and exhibited by the Director of H.M. Geological Survey, in

illustration of the paper by A. J. Jukes-Browne, Esq., B.A., F.G.S.
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April 16th, 1902.

Prof. Charles Lapworth, LL.D., F.R.S., President, in the Chair.

James Grundy, Esq., Inspector of Mines for the Government of

India, 27 Chowringhee Road, Calcutta ; and Frank Parkin, Esq.,

The Limes, 5 Sherwood Rise, Nottingham, were elected Fellows

of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. 'The Carlisle Earthquakes of July 9th & 11th, 1901.' By
Charles Davison, Sc.D., F.G.S.

2. 'The Inverness Earthquake of September 18th, 1901, and its

Accessory Shocks.' By Charles Davison, Sc.D., F.G.S.

3. ' The Wood's Point Dyke, Victoria (Australia).' By Frederic

Philip Mennell, Esq., F.G.S.

A Photograph of a Ruined House was exhibited, in illustration

of Dr. C. Davison's paper on the results of the 1901 earthquake at

Inverness.

April 30th, 1902.

Prof. Charles Lapworth, LL.D., F.R.S., President, in the Chair.

John Dampier Green, Esq., Johannesburg (Transvaal) ; Everard
Heneage, Esq., Marlborough Club, London ; Edwin Sloper, Esq.,

26 Wolseley Road, Crouch End, N. ; and George Frederick Herbert
Smith, Esq., British Museum (Natural History), Cromwell Road,
S.W., were elected Fellows ; and Prof. Thomas Chrowder Chamber-
lin, of Chicago ; Dr. Thorvaldr Thoroddsen, of Reykjavik (Iceland)

;

and Prof. Samuel Wendell Williston, of the University of Kansas,
Lawrence (Kan.), were elected Foreign Correspondents of the

Society.

The List of Donations to the Library was read.

Mr. J. E. Marr exhibited some specimens from a Metamorphosed
Metalliferous Vein several inches wide, which he had discovered in

the basic andesites near the Shap Granite, in a quarry close to the
high road, north of the spot where it crosses Longfell Gill.

The minerals of the vein include quartz, calcite, garnet, epidote,

hornblende, galena, iron-pyrites, and copper-pyrites. Some of the
garnets are about an inch in diameter. The epidote and the horn-
blende tend to form distinct bands on the margin of the vein. The
other metamorphic phenomena recall those describod by the exhibitor

and Mr. Alfred Harker, in the case of large vesicles occurring in the

same rocks.
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The specimens are of interest as showing :

—

(i) The existence of metalliferous veins in Ordovician rocks which have been
formed in pre-Carboniferous times; for the Shap Granite which has produced
the alteration is itself pre-Carboniferous.

(ii) The alteration of a metalliferous vein of complex composition by pyro-
metamorphism,— an occurrence which the exhibitor believed had not previously

been recorded.

(iii) The possibility that some of the highly crystalline rocks of a complex
of regionally metamorphosed rocks may owe their characters to hydrothermal
action having formed veins along the parallel divisional planes of pre-existing

recks, these veins hating been subsequently altered by pyrometamorphism.

Mr. H. W. Monckton exhibited a Flint-Implement which he had
himself found on a heap of gravel, in a pit 278 feet above Ordnance-

datnm, at Englefield (Berkshire). The gravel is part of an elongated

patch mapped ' Plateau-Gravel.' He had great pleasure in handing

over the implement to Mr. 0. A. Shrubsole, F.G.S., to he placed in

the Heading Museum.

Mr. 0. A. Shktjbsole remarked that the implement was of palaeo-

lithic type, and of an advanced form of that type, as it had a cutting-

edge all round. It had not been greatly rolled, and was probably

made not far from the spot where it was found. Its patination

showed that it belonged to the gravel in which it was found.

The following communications w^ere read :

—

1. ' The Origin and Associations of the Jaspers of South-eastern

Anglesey.' By Edward Greenly, Esq., F.G.S.

2. ' The Mineralogical Constitution of the Finer Material of the

Bunter Pebble-Bed in the West of England.' By Herbert Henry
Thomas, Esq., B.A., F.G.S.

3. ' Bevision of the Phyllocarida from the Chemung and Waverly
Groups of Pennsylvania.' By Prof. Charles Emerson Beecher,

Ph.D., F.C.G.S.

In addition to those mentioned above, the following specimens, etc.

were exhibited :

—

Rock-Sections, Lantern-Slides, Photographs, and Maps, exhibited

by E. Greenly, Esq., F.G.S., in illustration of his paper: including

Playertype Photographs of 6-inch Field-Maps of the Pentraeth and

Newborough districts, and original 25-inch Maps of part of the

latter district.

Rock- Sections and Lantern-Slides, exhibited by H. H. Thomas,

Esq., B.A., F.G.S., in illustration of his paper.

Teeth of Lamna, from near the base of the Thanet Sands, Erith

(Kent), exhibited by Prof. H. G. Seeley, F.R.S., Y.P.G.S.

Palseolith from Welwyn (Hertfordshire), exhibited by A. E.

Salter, Esq., B.Sc, F.G.S.
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May 14th, 1902.

Prof. Chaeles Lapworth, LL.D., F.R.S., President, in the Chair.

George Steuart Corstorphine, B.Sc, Ph.D., Director of the

Geological Survey of Cape Colony, South African Museum, Cape
Town; Alfred William Oke, Esq., B.A., LL.M., 16 Bedford Row,
W.C.. and 8 Cumberland Place, Southampton ; and Arthur Peacock,

Esq., Smithies Bridge House, Hcckmondwiko (Yorkshire), were
elected Fellows of the Society.

The List of Donations to the Library was read.

The President referred in feeling terms to the recent calamitous

occurrences in the West Indies, and to the geological interest of the

phenomena. The Council had been considering in what way they

could best give expression to the sympathy of the Fellows, both

with our own Colonies and with their French neighbours, and had
requested Sir Archibald Geikie and himself to act as they thought

best in the matter.

Prof. Botd Dawkins moved that the Fellows express their

sympathy with the sufferers in the two islands, and approve the

action taken by the Council.

Mr. H. W. Monckton seconded the motion, which was carried.

The following communications were read :

—

1. 'On Pliocene Glacio-Fluviatile Conglomerates in Subalpine

France and Switzerland.' By Charles S. Du Eiche Preller, M.A.,

Ph.D., A.M I.C.E., M.I.E.E., F.G.S.

2. ' Overthrusts and other Disturbances in the Braysdown Col-

liery (Somerset), and the Bearing of these Phenomena upon the

Effects of Overthrust-Faults in the Somerset Coalfield in general.'

By Frederick Anthony Steart, Esq. (Communicated by Horace B.

Woodward, Esq., F.R.S., F.G.S.)

The following specimens and map were exhibited :

—

Specimens exhibited in illustration of the paper by F. A. Steart,

Esq.

Sheet 21 of the 1-inch Map of the Geological Survey of Scotland

—

Arran, presented by the Director of H.M. Geological Survey.

vol. lviit.
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May 28th, 1902.

Prof. Charles Lapworth, LL.D., F.R.S., President, in the Chair.

Cecil Wray, Esq., 12 South Hill Park Gardens, Hampstead, N.W.,

was elected a Fellow of the Society.

The List of Donations to the Library was read.

The following specimens were presented :

—

Two Microscope-Sections of Altered Siliceous Sinter from Builth

(Brecknockshire), presented by Frank Rutley, Esq., F.G.S.

Sample of Volcanic Ash collected in Barbados, on May 7th-8th,

1902, presented by Dr. D. Morris, C.M.G., of the Imperial Depart-

ment of Agriculture for the West Indies.

The President reported that in consonance with the resolution

passed at the previous Meeting of the Fellows, he and Sir Archibald

Geikie had forwarded letters to the French Minister of the Colonies

and to H.M. Secretary of State for the Colonies, expressive of the

sympathy of tho Geological Society with the sufferers from the

volcanic catastrophes in Martinique and St. Vincent.

The Secretary read the following letter regarding the recent

fall of volcanic ash in Barbados, and reported that the thanks of the

Council had been conveyed to the writer:

—

' Imperial Agricultural Department
for the West Indies, Barbados,

9th May, 1902.
' Dear Sir,

' I aiu sending you by this mail a small quantity of the volcanic ash that

fell at Barbados soon after the volcanic eruption at St. Vincent on Wednesday
last. I am also sending you newspaper reports, and you will obtain practically

all particulars from them. There is a note about the ash in the 'Agricultural

News " giving an estimate of the quantity per acre that fell in this island. It

is singular that the circumstances correspond so exactly with what took place

in 1812. Fortunately, within 4 hours after the fall of the ashes, we have had
drenching showers which have, to a great extent, washed the ashes from the

roofs of the dwellings and from vegetation, and also laid the dust which during
yesterday was most trying and uncomfortable. The roads are still covered

with a sandy coating, which is not at all muddy or sticky. Naturally, the

chemical composition of the ash is of great interest to the planters, as it may
have an appreciable effect on next year's crops. The old canes have nearly all

been reaped, and the young canes are in such a condition that they should

largely benefit by any fertilizing properties that maybe in the ash. In the case

of the ash that fell in 1812, Davy is said to have found it to contain silex,

alumina, oxide of iron, and oxide of manganese. I noticed that the ash at first

was rather coarse and of a brownish colour, then it became slightly redder,

while the final deposits consisted of a whitish-grey, impalpable powder. I shall

send you any further particulars that may come to hand.'
4 With kind wishes, believe me,

' The Secretary, Sincerely yours,

Greological Society, . (Signed) D. Morris.'

Burlington House,
Piccadilly, London.'
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Prof. W. Boyd Dawkins exhibited a series of Photographs and
Specimens of Sandworn Pebbles, collected by Lady Constance Knox
in New Zealand. The district in which the specimens occnr is

near the coast of North Island, in the neighbourhood of the River

Waitotara, on a tableland about 250 feet above sea-level :

—

' On this tableland, above high cliffs, are rolling sand-dunes, which are con-

tinually shifting with every storm, and extend for several miles along the coast

;

among them are to be found interesting kitchen-middens. Directly inland from
the sand-dunes is the district covered with sandworn stones, extending over an
area of some miles. At first these stones are few and scattered, but they are

found to increase in number as one approaches the Waitotara River. Pro-
jecting from the surface are masses of stratified rock, composed of shell-

conglomerate : these also have been worn by the wind.'

The following communications were read :

—

1

.

' The Red Sandstone-Rocks of Peel (Isle of Man).' By William

Boyd Dawkins, M.A., D.Sc, F.R.S., F.G.S., Professor of Geology in

Owens College (Victoria University), Manchester.

2. ' The Carboniferous, Permian, and Triassic Rocks under the

Glacial Drift in the North of the Isle of Man.' By William Boyd
Dawkins, M.A., D.Sc, F.R.S., F.G.S., Professor of Geology in Owens
College (Victoria University), Manchester.

3. ' Note on a Preliminary Examination of the Ash that fell on
Barbados, after the Eruption at St. Vincent (West Indies).' By
John Smith Flett, M.A., D.Sc, F.R.S.E., F.G.S. With a Chemical

Analysis by William Pollard, M.A., D.Sc, F.G.S.

In addition to the specimens mentioned above, the following were
exhibited :

—

Rock-Specimens, Lantern-Slides, Microscope-Sections, and Fossils,

exhibited by Prof. W. Boyd Dawkins, M.A., D.Sc, F.R.S., F.G.S.,

in illustration of his papers on the Isle of Man.
Specimens from the Peel Sandstone, collected by G. W. Lamplugh,

Esq., F.G.S., exhibited by the Director of H.M. Geological Survey.

A Sample of Volcanic Ash collected in Barbados, May 7th-8th,

1902, exhibited in illustration of Dr. J. S. Flett's paper.

June 11th, 1902.

Prof. Chables Lapwokth, LL.D., F.R.S., President, in the Chair.

William Edwards, Esq., Bryn End, Ruabon (North Wales);
George Law Mackenzie, Esq., Craigweil, Ayr (N.B.) ; John Foss-
brook Morris, Esq., B.E., Gwendoline Mine, Unsan, via Chemulpho
(Korea)

; and Frederick Anthony Steart, Esq., 85 Elliscombe Road,
Charlton (Kent), were elected Fellows of the Society.
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The Names of certain Fellows of the Society were read out for the

first time, in conformity with the Bye-Laws, Sect. VI, Art. 5, in

consequence of the non-payment of the Arrears of their Contributions.

The List of Donations to the Library was read.

Prof. Bonney exhibited a mounted specimen of the Volcanic Dust
which fell on the deck of the steamer Roddam during the great

eruption of Mont Pelee on May 8th, for which, as well as for another

from the Soufriere of St. Vincent, that had fallen in Barbados, he

was indebted to Sir William Crookes, F.R.S. The dust from Mont
Pelee consists of fragments of minerals and rock (the former, perhaps,

slightly in excess of the latter), very commonly about -007 to -008 inch

in diameter, but ranging from about -005 to *01 inch. A very little

fine dust had been removed by levigation before mounting the

specimen. The minerals are:—(1) Chips of felspar sometimes bounded
by cleavage-edges, occasionally showing oscillatory twinning or zonal

structure. The refractive index and extinction-angles suggest that

the majority are labradorite. Some contain minute acicular

microliths or small brownish enclosures (? vitreous), which now and
then are regular in form and arrangement, like negative crystals, and
not seldom contain little bubbles. (2) Pyroxene, occasionally with
cleavage-edges, or even idiomorphic, generally of a light bottle-green

tint. There are certainly two species : one snowing a distinct pleo-

chroism from green to brown with straight extinction,—a variety of

hypersthene; the other barely pleochroic, with an extinction that

proves it to be augite. He could not identify with certainty

magnetite or any other mineral. The rock-fragments are chips of a

brownish, often dirty-looking glass, with small cavities, sometimes

showing microliths or adhering to minerals ; much of it opaque, or

nearly so, with transmitted light, and a brownish-grey by reflected

light, once or twice reddish. As Dr. Flett had given an excellent

description of the Barbados dust from the Soufriere at the previous

meeting, the present speaker thought that he need say no more
than that in the specimen now exhibited the fragments seem a

shade smaller, and minerals are slightly more abundant, especially

pyroxene, than in the Mont Pelee dust.

Notwithstanding the risk of generalizing from a single slide, Prof.

Bonney inferred that the ejecta of the two volcanoes are generally

similar. Both, compared with specimens in his cabinet from Cotopaxi,

are more uniform in size. The travelled dust from the Soufriere is

a little smaller than that from the actual summit of the Andean
volcano, but coarser than similar material from Chillo (over 20
miles), Quito (35 miles), Ambato (45 miles), Riobamba (65 miles),

and the summit of Chimborazo, about the same. All these vary

much more in size and run distinctly smaller, especially the last.
1

That from Mattakava, Hick's Bay, New Zealand (fallen on June 16th,

1886), is rather coarser, more scoriaceous, with fewer mineral-

1 All these (collected by Mr. E. Whymper) are described in Proe. Roy. ISoc.

vol. xxxvii (1884) pp. 114 et seqq.



Vol. 58.] PROCEEDINGS OF THE GEOLOGICAL SOCIETY. lxXXVU

fragments (especially of pyroxene), to which a dirty glass is often

adherent. The dust from Barbados, ejected by the St. Vincent

Soufriere in 1812, is very much finer-grained, but contains the same
minerals, though pyroxene is less abundant. In neither had he

found the clear glassy pumice, described by Miss Raisin } from the

marls of that island.

The following communications were read :

—

1. 'A Descriptive Outline of the Plutonic Complex of Central

Anglesey.' By Charles Callaway, D.Sc, M.A., F.G.S.

2. 'Alpine Valleys in Relation to Glaciers.' By Prof. T. G.

Bonney, D.Sc, LL.D., F.R.S., F.G.S.

3. ' The Origin of some " Hanging Valleys " in the Alps and
Himalaya.' By Prof. Edmund Johnstone Garwood, M.A., F.G.S.

In addition to those described on p. lxxxvi, the following

specimens, etc. were exhibited :

—

Volcanic Ash collected at St. Pierre (Martinique) on May 1 lth

by Arthur D. Whatman, Esq., and presented by George D. What-
man, Esq. (See the ' Times ' of May 31st, 1902.)

Rock-Specimens and Microscope-Sections exhibited by Dr. C. Cal-

laway, M.A., F.G.S., in illustration of his paper.

Geologically coloured 6-inch Manuscript Map of part of Anglesey,

exhibited by the Rev. J. F. Blake, M.A., F.G.S.

Photographs, Lantern-Slides, and Maps, exhibited by Prof. E. J.

Garwood, M.A., F.G.S., in illustration of his paper.

Conglomerate from the Gravel of Newlands Corner, Guildford,

exhibited by E. A. Martin, Esq., F.G.S.

June 18th, 1902.

Prof. Charles Lapworth, LL.D., F.R.S., President, in the Chair.

George Maitland Edwards, Esq., 74 Endlesham Road, S.W., was
elected a Fellow of the Society.

The Names of certain Fellows of the Society were read out for

the second time, in conformity with the Bye-Laws, Sect. VI, Art. 5,

in consequence of the non-payment of the Arrears of their Con-
tributions.

The List of Donations to the Library was read.

1 Quart. Journ. Geol. Soc. vol. xlviii (1892) pp. 181, etc.

vol. lviii. Jc
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The following communications were read :

—

1. ' The Great Saint-Lawrence-Champlain-Appalachian Fault of

America, and some of the Geological Problems connected with it.'

By Henry M. Ami, M.A., D.Sc, F.G.S.

[At this stage of the proceedings, Mr. E. T. Newton, F.R.S., took

the Chair at the President's request.]

2. ' The Point-de-Galle Group (Ceylon) ; Wollastonite-Scapolite-

Gneisses.' By Ananda K. Coomaraswamy, Esq., B.Sc, F.L.S.,

F.G.S.

3. 'On the Jurassic Strata cut through by the South Wales
Direct Line between Filton and Wootton Bassett.' By Prof. Sidney

Hugh Reynolds, M.A., F.G.S., and Arthur Yaughan, Esq., B.A.,

B.Sc, F.G.S.

The following specimens, etc. were exhibited :

—

Photographs and Lantern-Slides, exhibited by Dr. H. M. Ami,
M.A., F.G.S., in illustration of his paper.

Rock- Specimens, Microscope-Sections, and Lantern-Slides, ex-

hibited by A. K. Coomaraswamy, Esq., B.Sc, F.L.S., F.G.S. , in

illustration of his paper.

Specimens, Photographs, and Lantern-Slides, exhibited by Prof.

S. H. Reynolds, M.A., F.G.S., and A. Yaughan, Esq., B.A., B.Sc,

F.G.S., in illustration of their paper.

Mechanical Separating Apparatus, exhibited by Prof. W. J. Sollas,

M.A., D.Sc, LL.D., F.R.S., F.G.S.
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1. On the Claeke Collection of Fossil Plants from New South

Wales. By E. A. Newell Aejbek, Esq., B.A., Trinity College,

Cambridge; University Demonstrator in Paleobotany. (Com-

municated by Prof. T. McKennt Hughes, M.A., P.E.S.,

F.G.S. Bead November 6th, 1901.)

[Plate I.]

The earliest scientific descriptions of fossil plants, from the rocks of

New South Wales, are those by Brongniart of the genera Glossopteris

and Phyllotheca, published in his ' Prodrome

'

l in 1828. In his

' Histoire,'
2 published in the same year, figures and specific

descriptions of these, and other genera, are to be found. It was
not, however, until some years later that the first systematic

collections of fossil plant-remains from this region were begun

by the Bev. W. B. Clarke, Count Strzelecki, and by Dana. In
1845 Morris 3 published an account of Strzelecki's collection;

and two years later McCoy 4 examined the Clarke Collection, made
between 1839 and 1844, which he described in a paper in the

Annals & Magazine of Natural History, in 1847. Dana's 5 speci-

mens were described in 1849. The Clarke Collection, numbering
nearly 2600 specimens of all kinds, including some 80 fossil plant-

remains, was, by the great generosity of its owner, presented to the

Woodwardian Museum, Cambridge, in November 1844. 6

As already stated, the more important palaeobotanical specimens

in this collection were described by McCoy in 1847, twelve being-

regarded as new types. It has been thought, however, that a re-

examination of this early collection, in the light of the recent

advancement of our knowledge with regard to the structure and

1 Brongniart (28)
1

. The numbers in parentheses after the authors' names
indicate the year of publication of the work, to which reference will be found in

the bibliography at the end of this paper, p. 25.
2 Brongniart (28)

2
.

3 Morris (45).
4 McCov (47).

5 Dana (49).
6 Clarke (78) pp. 118 & 151.

Q. J. G. S. No. 229. b
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affinities of fossil plants from Australia, India, South Africa, and
elsewhere, might not be without value, especially as the more
modern memoirs on the fossil flora of Australia, by Feistmantel l

and Tenison-Woods, 2 contain in several instances only the original

descriptions of McCoy, without amplification.
3

The exact geological age of the beds, from which these plants

were obtained, has long been disputed. We may, however, first

examine the plants forming the collection, reserving for the moment
the evidence which they afford of geological age. The collection

may be conveniently arranged in stratigraphical order, beginning

with the Wianamatta Series, followed by the Newcastle Beds, and

finally the plants from Arowa.

A. Wianamatta Beds.

Filicales,

I. Thinnfeldia, Ettingshausen, 1852.

Abhandl. d. k.-k. geol. Reichsanstalt, vol. i, pt. iii, no. 3, p. 2.

Thinnfeldia odontopteroides (Morris).

Woodwardian Mus. Canib., Foreign Plant Coll. Nos. 14, 16, & 17.

L o c a 1 i t y.—Sandstone of Clarke's Hill, near Cobbity.

Thinnfeldia odontopteroides.

1878. Feistmantel (78) p. 80 etc. & pp. 165-69, pi. xiii, fig. 5, pi. xiv, fig. 5, pi. xv,
figs. 3-7, pi. xvi, fig. 1 ; also pis. ix-xi.

1881. Feistmantel (81) vol. iii, p. 85 & pi. xxiii a, figs. 7-9.

1883. Tenison-Woods (83) pp. 103 etc.

1890. Feistmantel (90) pp. 101-106 & pis. xxiii-xxv, pi. xxvi, figs. 1 & 2, pi. xxviii,

fig. 8, pi. xxix, figs. 2-4. [Mr. Seward, in bis ' Jurassic Flora of the York-
shire Coast ' (p. 239), has pointed out that figs. 1 & 5 on pi. xxix should
be referred to CtenozamitesJ]

1899. Potonie, ' Lehrb. der Pflanzenpal.' p. 149, fig. 145.

Pecopteris odontopteroides.

1845. Morris (45) p. 249 & pi. vi, figs. 2-4.

1872. Carruthers, Quart. Journ. Geol. Soc. vol. xxviii, p. 355 & pi. xxvii, figs. 2, 3.

1875. Crepin, Bull. Acad. Roy. Belg. ser. 2, vol. xxxix, pp. 258-63 & figs. 1-5.

1878. Etheridge, Catal. of Austral. Foss. p. 98.

Gleichenites odontopteroides.

1847. McCoy (47) p. 147.

1850. Unger (50) p. 208.

The specimen described, but not figured, by McCoy as Gleichen-

ites odontopteroides is a sandstone-cast of a dichotomously-branched

frond of indifferent preservation. The form of the pinnules is in-

distinct, and the nervation totally unpreserved. In other respects

it is very similar to that figured by Feistmantel in 1890 in pi. xxvi,

fig. 2. Each branch is 4 1
- inches long, and | inch across. The

1 Feistmantel (90).
2 Tenison-Woods (83).

3 References to the early literature, as well as a full bibliography of the
memoirs published on the fossil botany of Australia, will be found in
Etheridge & Jack (81), Clarke (78) appendices, and Feistmantel (90) pp. 12
et seqq.

Clarke states, (78) p. 152, that a further collection was forwarded in 1855
;

but it is not known definitely whether this contained any fossil plant-remains'.
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essential characters of the species have been fully described by
Feistmantel, 1

so that further description is unnecessary here.

Tliinnfeldia odontopteroides is abundant in certain* beds in

Australia and Tasmania, and occurs also in India in the Lower
Gondwanas, and in beds of Rhsetic age in South America
(Argentine Republic). 2 In New South Wales it is not known at

a lower horizon than the Hawkesbury Beds.

McCoy 3
also describes, but does not figure, a new type from the

same locality, under the name of Odontopteris microphylla. No plant

in the collection bears this name; but two specimens (Nos. 16 & 17),

without indication as to locality, are certainly those referred to by
McCoy. The rock in each case is precisely similar to specimens

labelled ' Clarke's Hill,' and the specimens themselves agree in

every respect with the specific characters given under Odontopteris

microphylla, McCoy.
These plants are neither more nor less than other forms of

Thinnfeldia odontopteroides (Morris), a plant which varied extremely

in habit. Specimen No. 16 is easily recognizable as the form of

this plant figured by Feistmantel in his later memoir, pi. xxvi,

fig. 1; while the other closely corresponds to that in pi. xxiii, fig. 1.

Odontopteroides microphylla, McCoy, is therefore a synonym of

Thinnfeldia odontopteroides (Morris). It is somewhat strange that

this identity was not suspected by Feistmantel ; but this is probably

due to the fact that no figure of McCoy's species has ever appeared.

II. Pecopteris, Brongniart, 1822.
' Sur la Class, des Veget. foss.' Mem. Mus. Hist. Nat. [Paris] vol. viii, p. 233.

Pecopteris (?) tenuifolia, McCoy.

Type.—Woodwardian Mus. Camb., Foreign Plant Coll. No. 15 (figured).

L o c a 1 i t y.—Clarke's Hill, near Cobbity.

Pecopteris (?) tenuifolia.

1847. McCoy (47) p. 152 & pi. ix, fig. 6.

1878. Feistmantel (78) p. 89.

1883. Tenison-Woods (83) p. 110.

1890. Feistmantel (90) p. 111.

McCoy's type is the only specimen known, and is unfortunately

very badly preserved. It consists of a slender axis about 3| inches

long, bearing narrow linear, distant, lateral members (| inch or

more long) apparently united by their entire base. It would not

seem possible to identify this specimen with any of the later dis-

coveries of fossil plants in New South Wales with which I am
acquainted, and for the present, in the absence of further and
better-preserved specimens, it is best relegated to the class ' incertae

sedis.'

1 Feistmantel (90) p. 102.
2 Szajnocha C88) p. 229.
3 McCoy (47) p. 147.

b2
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Equisetales.

Phylloth^ca austealis, Brongniart.1

Woodwardian Mus. Camb., Foreign Plant Coll. No. 12 (figured).

L c a 1 i t y.—Clarke's Hill, near Cobbity.

1847. Bhyllotheca HooJceri, McCoy (47) p. 157 & pi. xi, fig. 4.

The locality from which this fossil was obtained has been dis-

puted. Clarke,2 in 1861, says that it was labelled ' Clarke's Hill

'

by mistake
;
yet in 1878 3 the same author gives Clarke's Hill as the

locality, without expressing any doubt on the subject. The rock is

a greyish-brown sandstone, bearing a printed label ' Clarke's Hill,'

much resembling other specimens from that locality, and is quite

distinct from those brought from Mulubimba and elsewhere. There
is, therefore, little doubt that it is correctly labelled as to locality.

The specimen consists of two or three unbranched stems, of

which McCoy figures one, which is 2% inches ]ong, and J inch

across. The nodes are slightly constricted, and the internodes

(J inch long) bear faintly marked opposite, and longitudinally

disposed, furrows. In one instance the basal leaf-sheath (| inch

long) is preserved, from which free linear segments, 1| inches long,

are given off. The sheath appears to be somewhat lax, and is half

as long as the internode. The other fragments are similar portions

of stems, but without leaves, one being 4 inches long, and with nodes'

quite an inch distant.

The reasons for placing this specimen under Brongniart's

specific name will be fully discussed in dealing with the Newcastle

specimens.

Ginkgoales.

Baieea, Braun, 1843.

In Graf zu Minister's ' Beitr. zur Petrefactenkunde ' pt. vi, p. 20.

Baieea multifida, Fontaine.

Woodwardian Mus. Camb., Foreign Plant Coll. No. 56.

L o c a 1 i t y.—Clarke's Hill, Cobbity.

1883. Baiera multifield, Fontaine, U.S. Geol. Surv. Monogr. vol. vi, pi. xlv

(double), fig. 3, pi. xlvi & pi. xlvii, figs. 1-2.

1886. Jecmpaulia (?) palmata, Ratte, Proc. Linn. Soc. N. S. Wales, ser. 2, vol. i,

pp. 1078-81.

1887. Salishuria palmata, Ratte, ibid. vol. ii, p. 137 & pi. xvii.

1890. Baiera palmata, Feistmantel (90) p. 158.

The last specimen from Clarke's Hill to be mentioned is a

fragment, which is almost certainly identical with the fine plant

from the Wianamatta Shales, described by Ratte in 1886, and
first referred by him to the genus Jecmpaulia, and afterwards

to Salishuria. Unfortunately, neither of these generic terms can

stand : Salishuria is a synonym of Ginkgo, and Jeanpaulia is now

1 For other literature, see p. 14.
2 Clarke (61) p. 358. 3 Clarke (78) pp. 123-24.
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included under Baiera, to which genus this plant belongs. It is

unfortunate also, as Feistmantel remarked, that the name Baiera

palmata had already been adopted by Heer 1 for a fossil from the

Jurassic of Siberia.

Mr. Seward & Miss Gowan 2
, in their recent monograph on

Ginkgo, have pointed out that Salisburia palmata, Ratte, bears
* a close resemblance ' to Fontaine's Baiera multifida from Virginia.

I have carefully compared the figures and descriptions of these two
plants, and I am unable to find any real distinction between them.

In the American specimens the ultimate segments appear to be

somewhat narrower, and less deeply cut towards the petiole.

Fontaine's figures, however, appear to be rather carelessly executed,

and probably do not represent the true outline of the specimens.

I therefore propose to adopt Fontaine's name for the Australian

plant, which, being prior to E-atte's, solves the difficulty of nomen-
clature.

The Cambridge specimen is a fragment showing part of the petiole,

and portions of the palmate divisions.

With Baiera multifida may be compared Baiera (?) Steinmanni,

described by Count H. zu Solms-Laubach,3 from the Ehaetic of Chile,

and Ginkgo Simmondsi, Shirley,4 from the Trias of Queensland.

B. Newcastle Series.

Filicales.

I. Glossopteris, Brongniart, 1828.
' Prodr. Hist. Veget. foss.' p. 54.

1. Glossopteris Browniana, Brongniart.

Woodwardian Mus. Camb., Foreign Plant Coll. Nos. 36, 39, 40, 48, 61, 62, 64, & 65.

Localitie s.—Mulubimba and Jerry's Plains.

G-lossopteris Brovoniana.
1828. Brongniart (28)

] p. 54.

1828. Brongniart (28)2 p. 223 & pi. lxii, figs. 1 & 2.

1845. Morris (45) p. 247 & pi. vi, figs. 1 & 1 a.

1847. McCoy (47) p. 150.

1849. Dana (49) p. 715 & pi. xii, fig. 13.

1869. Scbimper (69) vol. i, pp. 645-46.

1872. Carruthers, Quart. Journ. Greol. Soc. vol. xxviii, p. 354.

1878. Etheridge, Catal. of AustraL Foss. p. 30.

1878. Feistmantel (78) pp. 90, 154 & many figs.

1881. Feistmantel (81) vol. iii, p. 102 & pi. xxvia, fig. 2, pi. xxviia, fig. 2,

pi. xxixa, tigs. 1, 3, 6, & 8, pi. xl a, fig. 5.

1883. Tenison-Woods (83) p. 122.

1 Heer, 'Flora fossilis arctica' vol. iv, pt. ii (187fi) p. 115 & pi. xxviii,

fig. 2a-d.
2 Seward & Gowan (00) p. 139.
3 Solms-Laubach, ' Beitr. zur Palaeont. von Siidamerika, VII,' Neues Jahrb.

Beilage-Band xii (1899) p. 593 & pi. xiv, fig. 1.
4 Shirley, ' Add. to Foss. Flora of Queensl.' Geol. Surv. Queensl. Bull. No. 7

(1898) p. 12 & pi. ii.
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1890. Feistmantel (90) p. 121 & pi. xiii, fig. 1, pi. xvi, figs. 3 & 4, pi. xvii, figs. 1, 3, 4>

5 (?), 7, pi. xx, fig. 2.

1890. Zittel, ' Handbuch der Palaont.' pt. ii, p. 134 & fig. 108.

1894. David (94) p. 249.

1896. Zeiller (96)1 p. 362 & pi. xvi, figs. 1-4.

1897. Seward (97) p. 316 & pi. xxi, figs. 1-4 a, pi. xxii, fig. 4 c, pi. xxiii, fig. 1.

1899. Potonie, ' Lehrb. der Pflanzenpal.' p. 155 & fig. 154.

1900. Zeiller, ' Elem. de Paleobot.' p. 113 & fig. 86.

Glossopteris indica.

1869. Schimper (69) vol. i, p. 645.

1881. Feistmantel (81) vol. iii, p. 101 & many figs.

Glossopteris linearis.

1847. McCoy (47) p. 151 & pi. ix, figs. 5 & 5 a.

1878. Feistmantel (78) p. 91 & figs.

1883. Tenison-Woods (83) p. 123.

1890. Feistmantel (90) p. 126.

Glossopteris angustifolia.

1828. Broiigniart (28)2 p . 224 & pi. lxiii, fig. 1.

1876. Feistmantel, Journ. As. Soc. Bengal, vol. xlv,pt. ii, p. 374&[pl. xxi, figs. 2-4.

1881. Feistmantel (81) vol. iii, p. 105 & many figs.

Prof. Zeiller
l and Mr. Seward 2 have both recently figured and

described the various forms of Gl. Broivniana,Brongi. at some length,

and have proved conclusively that it is practically impossible to

distinguish specifically between Gl. Broivniana, Brongt., Gl. indica,

Schimp., and Gl. angustifolia^ Brongt. McCoy 3
states that both the

former occur in nearly equal abundance in the Newcastle Beds.

These authors have also shown that this plant is heterophyllous.

In addition to the better-known fronds, smaller scale-leaves without

a midrib occur. These are represented by a specimen (No. 65) in

this collection, and will be mentioned more fully in relation to

Vertebraria.

(Glossopteris linearis, McCoy) Specimens Nos. 4 & 63.

—

McCoy 4
described a new form of Glossopteris, with long, narrow,

almost parallel-sided fronds, and an oblique nervation, under the

name of Gl. linearis. A specimen (No. 4) from Woollongong, New-
castle Beds, was figured on pi. ix, figs. 5 & 5 a of his memoir.
McCoy stated that this plant could only be confounded 'with

Gl. angustifolia, Brongt., from the Indian coalfields,' from which it

may be distinguished by its finer and more oblique nervation,

anastomosing up to the margin. A comparison of the type-specimen

with the figures given of Gl. angustifolia by Feistmantel in his ' Lower
Gondwana Flora,' fails to show satisfactory evidence for separating

these two plants. Feistmantel 5 has there figured side by side two
specimens : one (pi. xxxiv a, fig. 3) a typical Gl. angustifolia, and
another (pi. xxxiv a, fig. 2) which he says is probably Gl. angusti-

folia, but does not finally identify it,

'as it combines with the size and shape of the leaves of Glossopteris

angustifolia a venation somewhat abnormal, and different from that of the

latter species.'

1 Zeiller (96)
2
.

2 Seward (97).
3 McCoy (47) p. 150. 4 McCoy (47) p. 151.
5 Feistmantel (81) vol. iii, p. 105 & pi. xxviia, pi. xxxiv a, fig. 3, pj. xxxix«,

fitrs. 1 & 2.
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This second specimen corresponds exactly in nervation and contour

to McCoy's type. Prof. Zeiller 1 has also figured a specimen

of Gl. angustifolia with oblique nervation, and this again corre-

sponds very closely with Gl. linearis. There seems, therefore, no

good reason for regarding Gl. linearis, McCoy, as distinct from

Gl. angustifolia, Brongt. ; and as the latter is now known to be a

form of Gl. Browniana, McCoy's specimen can only be regarded as

a variety of that plant.

McCoy states that this plant is not uncommon in the hard

siliceous schists of Arowa. Doubt has been thrown on this state-

ment by several authors. I have carefully examined all the

specimens of Glossopteris in the collection, and I found no instance

of any one being labelled ' Arowa,' or occurring in a rock at all

similar lithologically to that containing undoubted specimens from

Arowa. I conclude, therefore, that McCoy was in error in regard

to this statement.

2. Glossopteris ampla, Dana.

Woodwardian Mus. Camb., Foreign Plant Coll. No. 29.

L c a 1 i t y.—Telegraph Hill, Mulubimba.

Glossopteris ampla.
1849. Dana (49) p. 717 & pi. xiii, fig. 1.

1878. Feistmantel (78) p. 91 & pi. xi, fig. 2, pi. xii, fig. 7.

1883. Tenison-Woods (83) p. 124.

1890. Feistmantel (90) p. 122 & pi. xix, figs. 1 & 2.

In his remarks on Gl. Browniana, McCoy 2 says that some of the

fronds are of very large size. There is a specimen in the Clarke

Collection, consisting of a slab of fine whitish sandstone, con-

taining the impressions of four fragments, which are undoubtedly

identical with the plant figured by Dana and Feistmantel as

Gl. ampla. One of these, an apical portion, of probably the dorsal

surface, is nearly 4| inches long, 4 inches across, and beautifully

preserved. The apex is obtuse ; the margin entire, and undulate.

The strong median nerve does not, as Feistmantel 3 states, extend

to the apex. At a distance of 3| inches from the apex, the median

nerve is comparatively slender, and has begun to break up into a

series of finer nerves, which, while at first pursuing a somewhat
parallel course towards the apex, gradually diverge at a very acute

angle, with regular dichotomy. The nervation is fairly open in the

area of about an inch on either side of the midrib, and not unlike

that of Gl. Browniana. Towards the margin the nervation becomes

closer and finer : the secondary nerves pursuing a pseudo-parallel,

and oblique course, forming a very transversely elongate reticulation.

Another fragment is a curved portion of a frond, 8 inches long, in

which the lamina is folded on itself along the midrib. The midrib

is very strong and flattened, | inch across. The close and fine

pseudo-parallel reticulation at the margins is again very well shown.

The justice of a specific value being assigned to this fossil is

1 Zeiller (96)
1
p. 370, fig. 15. 2 McCoy (47) p. 151.

3 Feistmantel (90) p. 122.
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certainly open to considerable doubt, in view of the recent proof of

identity of the various forms of Glossopteris Browniana, Brongt.

Feistmantel 1 regarded it as intermediate between Gl. indica, Schimp.,

and Gl. communis, Feist., but Prof. Zeiller 2 has since shown that

these two forms are identical. The fossil is, however, strongly

characterized by the form of the marginal nervation, and the specific

rank may perhaps be retained until further evidence is available.

(Glossopteris tceniopteroides, Feist.) Specimen No. 45.

—

There is another specimen in the collection, without reference to

locality, but in all probability from the Newcastle Series, which
would appear to be identical with the Gl. tceniopteroides of Feist-

mantel.3 The frond is 4 inches long, and doubled on itself about

the midrib, one side being an inch wide. The nervation is very

oblique, and seems closely similar to the pseudo-parallel, elongate

reticulation just described in Gl. ampta. So far as I can determine,

there would seem to be no real distinction between these two plants.

T regard Feistmantel's Gl. tceniopteroides as a smaller frond of

Gl. ampla.

Vertebraria, Royle, 1839.

' Illustr, of Bot. Himalayan Mts.' vol. i, p. xxix.*

Vertebraria australis, McCoy.

Type.—Woodwardian Mus. Camb., Foreign Plant Coll. No. 1 (Ptype), also

Nos. 38, 49-53, & 66.

Local it y.—Whitish shales and clays, Mulubimba.

Vertebraria australis.

1847. McCoy (47) p. 147 & pi. ix, fig. 1.

1878. Feistmantel (78) p. 84, figured.

1883. Tenison-Woods (83) pp. 75 et seqq.

1890. Feistmantel (90) p. 87 & pi. xiv, fig. 6, pi. xv, figs. 1-3.

Clasteria australis.

1849. Dana (49) p. 719 & pi. xiv, figs. 3-5.

Sphenophi/llum australe.

1850. Unger (50) p. 72.

In 1894 Mr. R.EtheridgeJun. 4 described some Australian specimens

in which almost complete fronds of Glossopteris were preserved in

organic continuity with a structure which he regarded as a rhizome.

Judging by his figures, this rhizome is quite unlike Vertebraria

australis.
5 Possibly it was preserved in a different manner, as an

external impression, without the preservation of the wedge-like

segments (as seen in transverse section) which are so characteristic

of Vertebraria? Whatever may be the structure of Mr. Etheridge's

stem, and its relation to Vertebraria, there is a specimen in the

Clarke Collection (No. 66) of an undoubted Vertebraria with

1 Feistmantel (90) p. 123. 2 Zeiller (96)
2

.

3 Feistmantel (90) p. 128 & pi. xviii, figs. 1,1a.
4 Etheridge (94) p. 228 & pis. xviii-xix.
5 Vertebraria is now known to be the rhizome of Glossopteris ; see Zeiller

(96)
1 and Oldham (97).

t Prof. Zeiller (96)
1 has furnished an explanation of the origin of these

•structures.
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fragments of GIossoj)teris-fronds in organic continuity. With this

specimen occur also some seed-like fossils, which will be found

described under the name of Cardiocarpus sp. (p. 20).

Vertebraria australis would seem to be closely similar to V.

indica, Hoyle, but Eeistmantel l concluded that they may perhaps

be regarded as specifically distinct. It has also been pointed

out by Mr. Oldham, 2 that the structure of the South African

Vertebraria, in which Prof. Zeiller first proved the continuity, is

again different from the Indian.

The type-specimen of Vertebraria australis, or rather the specimen

which I take to be McCoy's type, but which does not correspond

exactly to his figure, shows in transverse section four wedge-shaped

segments each | inch long. Probably eight or more of these were
present in the complete specimen. In longitudinal section, the axis

is ^ inch long, and there are a number of somewhat irregular

transverse furrows separating closely packed laminae, which form
the wedges above mentioned.

Before leaving the subject, a reference must be made to one of

McCoy's statements, which has apparently puzzled many authors.
3

He says in relation to Glossopteris Browniana:—
• I believe I have ascertained the rliizoma of this species, which is furnished

with ovate, clasping (or at least very convex), subcarinate scales, having a

divaricating reticulated neuration, resembling that of the perfect frond, but

much less strongly marked the whole perfectly resembling (except in size)

the rhizomal scales of Acrostichiuml etc.

I believe that McCoy is here referring to two specimens in the

Clarke Collection, the one showing continuity between Glossopteris

and Vertebraria (No. 66), and a specimen already referred to, with

the detached scale-leaves (No. 65). It is interesting to notice that to

McCoy is due the credit of first recognizing the nature of Vertebraria,

and the heterophyllous character of Glossopteris, neither of which
were admitted until a few years ago.

II. SphenopteFvIs, Brongniart, 1822.

' Sur la Class, des Veget. foss. ' Mem. Mus. Hist. Nat. [Paris] vol. viii, p. 233.

1. Sphenopteris alata (Brongt.).

Woodwardian Mus. Camb., Foreign Plant Coll. No. 71.

L o c a 1 i t y.—Mulubimba.

Sphenopteris alata.

1820-38. Sternberg, ' Vers, geogn.-botan. Darst. d. Flora d. Vorvvelt' pt. ii, p. 131.

1847. McCoy (47) p. 149.

1850. Unger (50) p. 124.

1878. Feistmantel (78) p. 87.

1883. Tenison-Woods (83) p. 89.

1890. Feistmantel (90) p. 88.

Pecopteris alata.

1823. Brongniart (28)
2
p. 381 & pi. cxxvii.

Feistmantel (81) vol. iii, pp. 71-72. 2 Oldham (97).

McCoy (47) p. 151 ; see also Etheridge (94) p. 233.
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Aspidites alatus.

1836. Goeppert, ' Syst. Fil. Foss. ' p. 358. [See also Nova Acta Acad. Leop.-Carol.

Nat. Cur. vol. xvii, suppl.]

Sphenopteris alata var. exilis.

1845. Morris (45) p. 246 & pi. vii, figs. 4 & 4 a.

1878. Feistmantel (78) p. 88.

1883. Tenison-Woods (83) p. 90.

1890. Feistmantel (90) p. 89.

It is curious that many of the authors who have mentioned this

fossil have fallen into error in some form or other, and the confusion

that has arisen is considerable. The primary cause of this is due
to the fact that Brongniart l

described, and figured in 1828, two ferns

with the specific title alata—(1 ) Pecopteris alata (p. 361 & pi. cxxvii)

from New South Wales, and (2) Sphenopteris alata (p. 180 & pi. xlviii,

fig. 4) from Germany. Some years later Sternberg 2 transferred the

Australian plant to the genus Sphenopteris, so that in his ' Flora

der Vorwelt ' these two ferns are both described as Sphenopteris

alata, and would, according to modern notation, be distinguished as

(1) Sph. alata (Brongt.), and (2) Sph. alata, Brongt. The German
type (2) is now known as Sph. Grandini (Goepp.), 3 and the only

Sphenopterid with the specific title alata is the Australian plant

Sph. alata (Brongt.).

Clarke 4 and others have confused the Australian plant with

Spli. Grandini (Goepp.). But the confusion does not end here. In
1845 Morris

_1

described and figured a fossil under the name SpJieno-

pteris alata var. exilis, Morris, which he expressly stated to be

synonymous with Pecopteris alata, Brongt. [now known as Sph.

alata (Brongt.)], and Aspidites alatus, Goepp. Morris observed

that
' this interesting species of fossil fern appears more nearly related to

Sphenopterid than Pecopteris, and is easily distinguished by the slender and
decurrent pinnula and the membranous or alate margin of the principal

rhachis, as is observed in the recent species of Hymenophyllwm?

By the modern writers, such as Feistmantel and Tenison-Woods,
Morris's plant is regarded as distinct from the original description

of Brongniart, whereas the two are identical, as Morris shows by
his synonyms. There is nothing in Morris's description of his

plant to distinguish it from the Sphenopteris alata of Brongniart,

and his somewhat unfortunate choice of the specific title ' alata var.

exilis ' was probably made in order to get over the difficulty of two
plants bearing the same name ' Sphenopteris alata,' to which genus,

as he says, the fossil must be referred. The specimen described

by Morris is not in any sense a type. The real type of Sphenopteris

alata (Brongt.) is, or was, in the Museum of the University of

Edinburgh.

McCoy 6 mentions the occurrence of Sph. alata (Brongt.) in the

Mulubimba Sandstone ; and a large specimen in the Clarke Collection,

1 Brongniart (28)
2

.

3 Sternberg, 'Vers. d. Flora d. Vorwelt ' (1820-38) pt, ii, pp. 59 & 131.
3 Schimper (69) vol. i, p. 404. 4 Clarke (78) pp. 74 & 123.
5 Morris (45) p. 246 & pi. vii, figs. 4 & 4 a.
6 McCoy (47) p. 149.
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without reference to locality, agrees very closely with Brongniart's

figures and descriptions. The frond, which is 6| inches long, and
more than 8 inches across, is bipinnate with a strongly alate rhachis.

The pinnae are long (5 or more inches), opposite, and lanceolate, and
curved upwards. The pinnules (| to 1 inch long, and | inch broad)

are subopposite, ovate, with three or more bluntly, and obliquely-cut

segments on each side. The median nerve is strong, and gives off

simple, or dichotomizing secondary nerves to each segment and tooth.

2. Sphenopterts germana, McCoy. 1

Type.—Woodwardian Mus. Camb., Foreign Plant Coll. No. 5 (also No. 3).

Lo cal i t y.—Mulubimba.

Sphenopteris germana.
1847. McCoy (47) p. 150 & pi. x, figs. 2 & 2 a.

1850. Unger (50) p. 127.

1878. Feistmantel (78) p. 88.

1883. Tenison-Woods (83) p. 91.

1890. Feistmantel (90) p. 92.

The Cambridge type is a small and incomplete specimen of a

frond, about 2 inches long, the pinnae of which are slightly less than

an inch in length. In the absence of larger and more complete

specimens from Australia, it would be unwise to dwell upon the

characters of such a fragment. It is unfortunate that recent

writers on the flora of Australia have not been able to obtain

further specimens of this, and of other species ofSpJienopteris, to be
mentioned.

{Sphenopteris plumosa.) Specimen No. 3.—McCoy 2
also

figured and described another type as Sphenopteris plumosa, from
the same locality as the preceding. This is also a mere fragment

;

in all probability a pinna of a tripinnate frond. It is 2 inches

long, and § inch across. There is hardly any doubt that it is a

portion of ISpTi. germana, already mentioned, probably a pinna from
the median portion of a frond of that plant. The nervation of these

two specimens, as figured by McCoy, agrees exactly.

3. Sphenopteris flextjosa, McCoy.

Type.—Woodwardian Mus. Camb., Foreign Plant Coll. No. 2 (also No. 59).

L o c al i t y .—Mulubimba.

Sphenopterisflexuosa.
1847. McCoy (47) p. 150 & pi. ix, figs. 4 & 4 a.

1850. Unger (50) p. 127.

1878. Feistmantel (78) p. 88.

1883. Tenison.Woods (83) p. 91.

1890. Feistmantel (90) p. 91.

This species appears to approach Sph. polymorpha, JFeist.,
3 of the

Lower Gondwanas of India in habit, but the number of segments

in the pinnae are smaller, and the nervation does not perhaps

1 McCoy spells the specific name ' germamis*
2 McCoy (47) p. 150 & pi. x, figs. 3 & 3 a.

3 Feistmantel (81) vol. iii, pi. wiabis, fig. 1.
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correspond very closely with any of FeistinanteFs figures. The type

occurs with Glossopteris Browniana on the same slab. The larger

specimen of the figured types is 2^ inches long. Here again

further specimens are necessary, before attempting to establish this

species as distinct from other Australian Sphenopterideae.

4. Sphenopteris polymorphs, Feist. (PI. I, figs. 4 & 5.)

Woodwardian Mus. Camb., Foreign Plant Coll. No. 72; also Nos. 25, 26, & 27.

Locality.—? Mulubimba.

Sphenopteris polymorpha.
1876. Feistmantel, Journ. Asiat. Soc. Bengal, vol. xlv, pt. ii, p. 356 & pi. xvi,

rigs. 5-7, pi. xvii.

1881. Feistmantel (81) vol. iii, p. 76 & pis. xva, xvi a, fig. 3, xvi<x bis, figs. 1-6.

There is a large specimen in the collection of a fern, which is in

association with Glossopteris, but without record as to locality.

From the character of the rock, however, we may infer that the

specimen was in all probability obtained from Mulubimba. It con-

sists of a portion of a large tripinnate frond, with a stout rhachis

7 inches long, bearing alternate primary pinnae, 5 or more inches

long. The secondary pinnae average 1| inches in length, and | inch

in breadth, and consist of crowded, and, in parts, imperfectly pre-

served and indistinct pinnules. In places, however, the form aud
nervation of the pinnules is shown very clearly, and these appear to

be identical with certain forms of the Indian fern Sphenopteris

polymorpha^ figured and described by Feistmantel. 1

There are also several small fragments of a delicate frond, from the

shale of Mulubimba (PI. I, figs. 4 & 5), which resemble very closely

in form and nervation the specimens figured by Feistmantel as

Sphenopteris polymorpha. 2

It will be remembered that specimens of Sph.flexuosa were stated

(p. 11) to bear a general resemblance to Sph. polymorpha. Feist-

mantel 3 has also compared certain pinnules of Sph. aldta (Brongfc.)

with the same plant. It seems certain, therefore, that Sph. poly-

morpha of India occurs also in Australia, although neither Feist-

mantel nor Tenison-Woods has recorded it. This, again, is another

point of contact between the Newcastle Beds and the Lower
Gondwanas of India.

5. Sphenopterts hastata, McCoy.

Type.—Woodwardian Mus. Camb., Foreign Plant Coll. Xo. 7 (also No. 23).

L o cal i t y.—Mulubimba.

Sphenopteris hastata.

1847. McCoy (47) p. 149 & pi. x, figs. l&la.
1850. Unger (50) p. 127.

1 Feistmantel (81) vol. iii, compare pi. xv a, fig. 1, pi. xvi a, fig. 3, pi. xvi a bis,

figs. 2, 2 a, &3.
2 Feistmantel (81) vol. iii, pi. xvi a bis, figs. 2, 2 a, & 3. I believe that the

specimens identified by Tenison-Woods (83) p. 114 & pi. vi, figs. 2 & 3, as

Merianopteris major, should also be referred to this species.

3 Feistmantel (81) vol. iii, p. 77.
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1878. Feistmantel (78) p. 88.

1883. Tenison-Woods (83) p. 90.

1890. Feistmantel (90) p. 92.

The figured specimen is an imperfect fragment of a frond or pinna

in association with Glossopteris Browniana. The specimen measures

2 inches, and only one half is well preserved. A perfect pinna, or

secondary pinna, measures 1| inches, and is pinnatifid, with entire

and ovate lobes.

6. Sphenoptekis lobifolia, Morris.

Woodwardian Mus. Camb., Foreign Plant Coll. No. 22.

Locality.—Mulubimba.

Sphenopteris lobifolia.

1845. Morris (45) p. 246 & pi. vii, figs. 3 & 3 a.

1847. McCoy (47) p. 149.

1849. Dana (49) p. 715 & pi. xii, fig. 12.

1850. Unger (50) p. 128.

1878. Feistmantel (78) p. 87.

1883. Tenison-Woods (83) p. 88.

1890. Feistmantel (90) p. 93.

The specimen of this plant in the collection is a small fragment
about 2 inches long, also in association with Glossopteris Browniana.

It consists of a pinna with alate rhachis, and alternate, linear,

pinnatifid pinnules, with very acute, equal, approximate and rounded

lobes. The median nerve gives off dichotomizing secondary nerves

to each lobe. Dr. Szajnocha l has identified certain Argentine plants

as belonging to this species, and has referred Morris's plant to Erong-
niart's Pecopteris Schoenleiniana 2 from the Keuper of Wurtzburg.

I am, however, unable to agree with this latter identification.

III. Gangamopteeis, McCoy, 1861.

Trans. Roy. Soc. Vict. vol. v (1860) p. 107 note.

Gangamopteeis angustifolia, McCoy.

Type.—Woodwardian Mns. Camb., Foreign Plant Coll. No. 18 (also No. 70).

Localities.—Gmntawang, and Wilbertee, Mudgee.

Gangamopteris angustifolia.

1875. McCoy (74-78) dec. ii, p. 11 & pi. xii, fig. 1.

1876. Feistmantel, Rec. Geol. Surv. Ind. vol. ix, p. 120.

1878. Feistmantel (78) p. 102.

1883. Tenison-Woods (83) p. 127.

1890. Feistmantel (90) p. 130.

Cyclopteris angustifolia.

1847. McCoy (47) p. 148 & pi. ix, figs. 3 & 3 a.

McCoy's type-specimen consists of five or six fragments, the largest

of which, the figured type (pi. ix, fig. 3), is an imperfectly preserved

frond, 3| inches in length, and slightly more than | inch wide. The
frond is sublinear, and has a broad, shallow, median longitudinal

groove. There is no midrib. The lateral nerves arise by dichotomy
from a subparallel group of central nerves, and at a very acute

angle ; they diverge gradually towards the margin of the frond,

1 Szajnocha (88) p. 225.
2 Brongniart (28)

2
p. 364 & pi. cxxvi, fig. 6.
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with frequent anastomosis. The other fragments are similar,

though smaller. One shows the broadly rounded apex of the frond.

The nervation at the apex is similar to the lateral nervation.

This genus is closely allied to Glossopteris. Feistmantel
l remarks

that ' a Gangamopteris is a Glossopteris without a midrib.' It must
be remembered, however, that since the discovery of the scale-leaves

of Glossopteris, the presence of a midrib is no longer a necessary

characteristic of that genus. It is, therefore, in the absence of all

knowledge of the fructification of either type, extremely doubtful

whether the genus Gangamopteris should not be merged in Glos-

sopteris. Mr. Etheridge 2 has pointed out that certain forms of

these genera closely resemble one another, and has called attention

to the absence of good critical characters to distinguish them.

Equisetales.

Phyllotheca, Brongniart, 1828.

' Prodr. Hist. Veget. foss.' pp. 151 & 175.

1. Phyllotheca austealis, Brongt.

Woodwardian Mus. Camb., Foreign Plant Coll. Nos. 8, 9. & 13 (figured), also

Nos. 11, 31, 32, 33, 36, 37, 46, & 55.

L o c a 1 i t y .—Mulubimba.

Phyllotheca australis.

1828. Brongniart (28)
T
p. 152.

1845. Morris (45) p. 250.

1847. McCoy (47) p. 156.

1849. Dana (49) p. 718 & pi. xiii, fig. 6.

1850. Unger (50) p. 73.

1869. Sehimper (69) vol. i, p. 289.

1878. Feistmantel (78) pp. 83-84.

1883. Tenison-Woods (83) p. 72.

1890. Feistmantel (90) p. 79 & pi. xiv, figs. 2-5, ? fig. 1.

1898. Seward (98) pp. 287-91.
Phyllotheca ramosa.

1847. McCoy (47) p. 156 & pi. xi, figs. 2 & 3.

1850. Unger (50) p. 73.

1883. Tenison-Woods (83) p. 73.

1890. Feistmantel (90) p. 80.

Phyllotheca Sookeri.
1847. McCoy (47) p. 157 & pi. xi, figs. 4-6.

1850. Unger (50) p. 73.

1883. Tenison-Woods (83) p. 73.

1890. Feistmantel (90) p. 81.

In dealing with McCoy's specimens of Phyllotlieca, mention must
first be made of the nomenclature adopted by that author. He found 3

that Brongniart's description of Ph. australis, Brongt. did not

exactly apply to his specimens, and consequently he instituted two
new species, Ph. ramosa, McCoy, and Ph. Hoolceri, McCoy. From
his specific diagnosis it appears that Ph. ramosa 4 only differs from

1 Feistmantel (90) p. 130.
2 Etheridge (94) pp. 240-41.

s McCoy (47) pp. 156-57.
4 McCoy figures two specimens of this species, No. 13 in pi. xi, fig. 2, and

No. 8 in pi. xi, fig. 3.
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Ph. australis, Brongt., in possessing branched stems. On the other

hand, Ph. Hookeri is distinguished from both Ph. australis and
Ph. ramosa by coarsely sulcate or ridged stems, with a

looser sheath, as long as the internode, the free segments
of which are thick, and have a strong and prominent
midrib. Three specimens are figured of this type by McCoy, one of

which (pi. xi, fig. 7, No. 10) belongs to another species altogether. 1

Another (pi. xi, fig. 4, No. 12) is from Clarke's Hill, as already

described. In it, the sheath certainly appears to be looser ; but the

stem is very faintly striated longitudinally, and the sheath extends

only to half the length of the internode. In the specimen of

Ph. Hookeri figured by McCoy from Mulubimba (pi. xi, figs. 5 &
6, No. 9), the largest fragment is 3| inches long, with nodes 1J
inches long, and fairly lax sheaths | inch in length. The stem is

only faintly striated. The leaves appear better preserved, and
show, in places, a prominent midrib. It therefore appears that

Ph. Hookeri differs from Ph. australis and Ph. ramosa in its looser

leaf-sheath and more prominent midrib. The stem is not, however,

strongly grooved longitudinally, nor the leaf-sheath longer relatively

to the internode. The character of the midrib, as a point of specific

importance, may be dismissed at once, as most of the specimens are

too badly preserved to show this structure. The looseness of the

sheath is, therefore, the only real distinction between these species.

I would regard all the specimens of Phyllotheca just discussed, as

belonging to Ph. australis, Brongt., enlarging Brongniart's defini-

tion to include branched specimens, and those with lax sheaths.

Feistmantel 2 expressed himself strongly in favour of this conclusion.

In addition to the specimens already described there are others

in the collection, which merit a word of description.

Specimen No. 13. [Figured by McCoy (47) pi. xi, fig. 2.]

—

This is the branched specimen, figured by McCoy as Ph. ramosa.

The axis, which is 4| inches long and g inch broad, is exceedingly

badly preserved, and shows hardly any structural features. Appa-
rently it bears no leaves. The nodes are

f-
inch apart. It is

impossible to say how many branches come off at the node, but
there is apparently always one from each. Possibly the axis is

itself a primary branch bearing secondary branches, such as

Prof. Zeiller
3 has described in the case of Ph. Ballii, but there is no

evidence in this case. The branches, one of which is 3 inches long,

have nodes \ inch apart, and sheaths, apparently closely appressed,

extend at the most to half the length of the internode. The free

portions of the leaves average \ inch in length. The leaves and
sheaths in this specimen are much smaller than those previously

mentioned, but only relatively to the smaller internodes.

As in the case of Ph. Ballii as figured by Prof. Zeiller,4 numerous
isolated leaf-sheaths occur in this, and other specimens (Nos. 33 &

See p. 17. 2 Feistmantel (90) p. 80.

Zeiller (99) p. 65.
4 Zeiller (99) pi. v, figs. 4-10 & 12.
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44). These usually appear to be subcircular, with a diameter of

T
2
^- to -f\

inch. The number of free segments appears to vary from
fourteen to twenty-four, fourteen being the commoner number.

Specimen No. 8. [Figured by McCoy (47) pi. xi, fig. 3.]—The
unbranched specimen, figured as Phyllotheca ramosa, is 2 inches long,

and f inch broad. It consists of two nodes and three internodes,

with a surface very faintly striated ; the stria? are, however,

more prominent at the nodes. The distance between the nodes

is exactly 1 inch. Immediately above a node is a subcircular

depression i inch in diameter, which is probably a branch-scar. No
leaves or branches are borne on this specimen. In dealing with

such leafless fragments, it is not strictly correct to refer them to the

genus Phyllotheca, for in this condition it is difficult or impossible to

discriminate between Phyllotheca, Scliizoneura, and Archceocalamites,

or even some Catamites. 1

Specimen No. 11. (?) Fructification of Phyllotheca.—
McCoy in his memoir figures this specimen (pi. xi, fig. 1) as the

inflorescence of Phyllotheca, which he regards as agreeing very

closely with *' the male flowers of Casuarina stricta.'
2 This is the

earliest account of the fructification of the genus, and even at

the present day our knowledge on this subject is very incomplete.

A great contribution has been made quite recently by Prof. Zeiller,3

who has described well-preserved fructifications of Ph. Rallii. In

this species, the fructification consists of alternate verticils of sterile

bracts, and sporangiophores. The latter are perpendicular to the

axis, and bear four ovoid sporangia on the inner side of a distal,

peltate disc. In Ph. deliqvescens, described by Schmalhausen,4
the

fructification is somewhat different, there being several verticils of

sporangiophores between two successive sterile whorls of bracts.

These are practically the only two types in which fructification is

known."'

McCoy's specimen, from Mulubimba, is an isolated fragment,
1-i- inches long. The axis consists of a number of short internodes,

£ to
3
4- inch long, striated longitudinally. A microscopic exam-

ination affords no evidence of leaf-sheaths for at least nine nodes,

representing the greater part of the specimen. McCoy (loc. cit.) says

that such leaf-sheaths occur, and are exactly the length of the inter-

node, but I think that he has mistaken the striated internodes for

leaf-sheaths. At one node only, a long leaf-like segment is given

off. The preservation of the fossil is by no means good, and will

only permit me to say that at each node, and on either side, a

bunch occurs of several small ovate bodies, apparently closely attached

to the node, which may be sporangia. I have not, however, been

1 Seward (98) pp. 284-85. 2 McCoy (47) p. 155.
'' Zeiller (99) p. 65.
4 Schmalhausen (79) ; see also Solms-Laubach, ' Palaophytologie ' Leipzig,

1887, pp. 184-85.
8 See Seward (98) p. 286. ^
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able to make out any sporangiophores, or further details. McCoy's
specimen, if a fructification of a Phyllotheca, for which the evidence

is slender, differs both from Zeiller's and Schmalhausen's specimens.

2. Phyllotheca deliquescens (Goepp.).

Woodwardian Mus. Camb., Foreign Plant Coll. No. 10 (?).

L c a 1 i t y .—Mulubimba.

Phyllotheca deliquescens.

1879. Schmalhausen (79) pp. 12-14 & pi. i, figs. 1-3, pi. ix, figs. 16-17, pi. x.

1898. Seward (98) pp. 283-86.

1900. Zeiller, ' Elem. de Paleobot.' p. 165.

Anarthrocanna deliquescens.

1845. Goeppert, in TchihatchefFs ' Voyage scientifiqne dans 1'Altai Oriental

'

pp. 379-88 & pi. xxv, figs. 1 & 2.

Phyllotheca HooJceri.

1847. McCoy (47) p. 157 & pi. xi, fig. 7.

Phyllotheca indica.

1861. Bunbury, Quart. Journ. Geol. Soc. vol. xvii, p. 335 & pi. xi, fig. 1.

Phyllotheca australis.

1890. Feistmantel (90) p. 79 & pi. xiv, fig. 5.

This specimen is probably that figured by McCoy as Phyllotheca

HooJceri, from which, with other specimens to be described under

the locality of Arowa, he drew his reference to ' coarsely sulcated
'

stems. 1 There must remain some doubt as to whether this is the

actual figured specimen, as although one of the fragments agrees

very closely with McCoy's figure, its relationship to the other is

different from that there represented. The identity of McCoy's plant

with Ph. deliquescens (Goepp.) was recognized long ago by Schmal-
hausen, from McCoy's figures, and Mr. Seward fully agrees with
that determination. The ridges and grooves are much sharper, and
deeper, than in Ph. australis, Brongt. Neither of the fragments

figured shows branches or leaves. In all probability they are casts,

not of the external surface, but of the pith, similar to that figured by
Mr. Seward 2 in his text-book on ' Fossil Plants.'

Incertse Sedis.

I. Noeggerathiopsis, Feistmantel, 1881.

Mem. Geol. Surv. India (Pal. Indica) ' Foss. Flora of the Gondwana Syst.'

vol. iii, pt. i (1879) p. 23.

Noeggerathiopsis Goepperti (Schmal.). (PI. I, figs. 1 & 2.)

Woodwardian Mus. Camb., Foreign Plant Coll. Nos. 19-21.
L o c a 1 i t y.—Mulubimba.

Phiptozamites Goepperti.

1879. Schmalhausen (79) pp. 32-33, etc. & pi. iv, figs. 2-4, pi. vii, figs. 23-27,
pi. xv, figs. 1-11.

1883. Schmalhausen (83) p. 429 & pi. i, figs. 5-7.

1897. Newton & Teall, Quart. Journ. Geol. Soc. vol. liii, p. 504, pi. xli, figs. 6-7.
Noeggerathia cequalis.

1845. Goeppert, in Tchihatcheff's ' Voyage scientifique dans 1'Altai Oriental ' p. 385
& pi. xxvii, fig. 7.

1871. Geinitz, in Cotta's ' Der Altai' p. 175.

1 McCoy (47) p. 157, sp. char, of Ph. Hookeri.
2 Seward (98) p. 285, fig. 67.

Q. J. G. S. No. 229.
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Noeggerathia distans.

1845. Goeppert, in Tchihatcheff's ' Voy. sc. dans l'Altai Oriental ' p. 385 & pi. xxviii.

1871. Geinitz, in Cotta's ' Der Altai ' p. 176 & pi. iii, fig. 9.

Noeggerathia palmceformis.
1871. Geinitz, in Cotta's ' Der Altai ' p. 176.

Noeggerathia elonqata.

1849. Dana (49)' p. 715.

Noeggerathiopsis elongata.

1892. Etheridge, Rec. Geol. Surv. N. S. W. vol. iii, pt. iii, p. 75.

Zeugophyllites elongatus.

1847. McCoy (47) p. 152.

1850. Unger (50) p. 332.

1872. Schimper (69-74) vol. ii, p. 505.

1878. Feistmantel (78) p. 95 & pi. xiii, figs. 6, 6 a.

1883. Tenison-Woods (83) p. 152.

1890. Feistmantel (90) p. 150 & pi. xxi, figs. 6, 6 a.

The nature and affinities of the fossils about to be described have
long been the subject of speculation, and no little perplexity.

McCoy identified specimens in the Clarke Collection, labelled ' from
Mulubimba Carboniferous Series,' as Zeugophyllites elongatus, Morris.

Before discussing the nature and systematic position of these

fossils, some description of the plants themselves may be given. Of
the various fragments, the best is a group of three leaves (PI. I,

fig. 1) which appear to radiate from some axis, unfortunately

missing. The largest of these is 3-|- inches long, and is the median
portion of a leaf. Another is an apical portion, 3-^ inches long.

Another slab (PI. I, fig. 2) shows a basal portion, ±J- inches long,

part of the contracted base of the leaf, and an exceptionally well-

preserved apical portion 1|- inches long. The following are the

essential characters of this plant, so far as these specimens are

concerned, llhachis absent. Leaf(?) elongate, spathulate, more
than 4 inches long, and in breadth -Jg- incQ near tne base) increasing

to a maximum of
f-

or |- inch near the apex. Base sharply contracted

to a petiole, 1 inch or more long. Margin entire, straight or slightly

curved. Apex obtuse, rounded. No median vein. Veins, about
twelve in the petiole, dichotomizing once or twice where the leaf

begins to expand. Venation of the leaf parallel, with occasional

dichotomy. The number of the veins at the point of maximum
breadth is generally about 30. Veins equal in size, strong, close

(less than ^ inch apart), not contracting (that is, still parallel) at

the apex.

With regard to the identity of this plant, there is in the first

place much doubt as to the correctness 1 of Morris's 3
identification

of his specimens with Brongniart's genus Zeugophyllites. Brong-
niart's 3 original description is as follows :

—

' Feuilles petiolees, pinnees ; folioles opposees, oblongues ou ovales, entieres,

a nervures tres-marquees, en petit nombre, confluentes a la base et au sommet,
toutes d'une egale grosseur.'

The original specimen, on which the genus was founded, was
called Z. calamoides, and was obtained from Raniganj, Bengal

1 Etheridge, Eec. Geol. Surv. N. S. W. vol. iii (1892-93) p. 74.
2 Morris (45) p. 250 & pi. vi, figs. 5, 5 a.
3 Brongniart (28)

1
p. 121.
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(India); but Brongniart never figured any species of his geuus.

Feistmantel * supposed at one time that Brongniart's plant was
a Schizoneura, and certainly the characters—leaves opposite, oblong,

entire, with a few, well-marked nerves confluent at both base and

apex—agree exactly with Sch. gondwanensis from the same locality.

But Brongniart later described Schizoneura paradooca under the

name of Convallarites, without any reference to his genus Zeugo-

phyllites, a circumstance which would seem to negative this conclu-

sion. I am inclined to think, however, that Brongniart overlooked

the similarity between his two genera Zeagophyllites and Conval-

larites, and that Z. calamoides, if it could be found, might very possibly

turn out to be the type of Schizoneura gondwanensis, especially as,

of all the plants described by Feistmantel 2 from Kaniganj, only

ScJi. gondwanensis at all corresponds to Brongniart's description.

But apart from the question of the nature of Z. calamoides, at any

rate Morris assigned the Australian specimens to Brongniart's genus

on insufficient grounds. His plant afforded no evidence as to

Brongniart's first three characters, and the nerves were not few
in number, nor were they confluent at the apex.

In the second place, Mr. Etheridge, 3 from a careful investigation of

actual specimens from the two localities, has recently shown that the

Mulubimba plant, mentioned by McCoy, is not identical with that of

Morris from the Mesozoic beds of the Jerusalem Basin (Tasmania). 4

Thus McCoy's determination was incorrect. Mr. Etheridge proposes

that the specific name elongata should be retained for McCoy's plant

;

but if it should be retained at all, it should certainly be applied

to the Tasmanian fossils, to whatever genus they may belong.

Various conjectures have been made as to the real genus to

which McCoy's plant should be assigned. McCoy thought that it

was a cycad ; Feistmantel,
5 although he had never seen actual

specimens, considered that it might be referred to Podozamites.

In 1879 G Schmalhausen published a paper on the fossil flora of

some Russian rocks, now regarded as of Permian 7
age. Among the

plants described were some referred to a new genus Rhiptozamites,

as Rh. Goepperti. Schmalhausen afterwards admitted that his

genus was identical with Feistmantel's Noeggerathiopsis, s and the

Russian plant is now known as Noeggerathiopsis Goepperti (Schm.).

The genus also occurs in Australia, India, South Africa, and South
America, but Schmalhausen's N. Goepperti has so far not been

reported from these countries. After comparing Schmalhausen's

1 Feistmantel (90) p. 149.
2 Feistmantel (80) vol. iii, pt. ii, p. 5.
3 Rec. Geol. Surv. N. S. W. vol. iii (1892-93) p. 75.
4 Consequently Dr. Szajnocha's, (88) p. 237, identification of Argentine speci-

mens with Zeugophyllites elongatus is inconclusive.
5 Feistmantel (90) p. 150.
« Schmalhausen (79) pp. 29, 32, 49, 81 & pi. iv, figs. 2-4, pi. vii, figs. 23-27,

pi. xv, figs. 1-11.
7 See Zeiller (96)

2
p. 469, Seward (97) p. 325, footnote 5, and Newton &

Teall, Quart. Journ. Geol. Soc. vol. liii (1897) p. 505, footnote 1.
8 Feistmantel (80) vol. iii, pt. i, p. 23.

c2
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figures and descriptions with the Cambridge specimens, I regard

them as identical. In the specimens from the Altai and Pechora-

land, the nerves seem to be somewhat closer and finer, but in

those from the Lower Tunguska the nervation agrees very exactly,

while the contour of some of the leaves is almost identical. Another
specimen, figured some years later by the same author * from the

Altai, also agrees closely. I propose, therefore, to adopt the name
Noeggerathiopsis Goepperti (Schmal.) for the Cambridge specimens

from Mulubimba.
As regards the identity of N. Hislopi (Bunb.), the representative

of this genus in India, South Africa, South America, and also pro-

bably in Australia, with N. Goepperti 2 1 have not been able to arrive

at a definite conclusion. There is a great similarity of habit and
detail between them.

Unfortunately, the specimens of this plant in the Clarke Collection

do not add anything to our knowledge of the affinities of Noeggeratlii-

opsis. Feistmantel 3 has recently so judiciously summed up this

question, that it needs no further discussion here. One of his

conclusions, that the Noeggerathiopsideae may eventually be found

to be the Indian and Australian representatives of the European and
American Cordaiteae is noteworthy. In many respects the Cambridge
fossils present points of similarity to the leaves of Cordaites,

especially in the nervation, which in some members of that group

(the sub-group Dorycordaites) consists of nerves of the same size.

It is interesting, in this connection, to recall the fact that Schmal-
hausen 4 has recorded both N, Goepperti, and species of Cordaites?

from the Permian of Kussia.

II. Caediocaepus, Brongniart, 1828.

' Prodr. Hist. V6get. foss.' p. 87.

Caediocaepus sp. (Text-figure.)

Woodwardian Mus. Camb., Foreign Plant Coll. No. 66.

L o c a 1 i t y .—Mulubimba.

These seeds, as already mentioned, occur with a specimen of

Vertehraria in organic continuity

with Glossopteris.

Specific diagnosis.—Fructi-
fication of medium size, subcircular,

compressed, 0*8 to 0*9 cm. in dia-
meter, broadly winged (O'lo cm.).
Wing of even width throughout, at

Cardiocarp i,s sp. (Nat. size.) one point emarginate. Central
portion ovate, acuminate.

Only one species of Cardiocarpus has, so far as I am aware,

i Schmalhausen (83) pi. i, figs. 5-7. 2 See Zeiller (96)
2
p. 485.

3 Feistmantel 'Foss. Flora of Gondwana System' [Pal. Indical vol iv
pt. ii (1886) pp. 38-40 and (90) p. 152.

'
'

4 Schmalhausen, Mem. Comite Geol. Eussie, vol. ii (1887) no. 4, p. 37.
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been described from Australia.
1 Clarke's specimen appears to be

distinct from any of the European species, especially in the almost

circular form, and the broad and even wing. It reminds one most

of the much larger C. orbicularis, described by Ettingshausen 2 from

Stradonitz in Bohemia.

C. Fossil Plants from Arowa.

Filicales.

Aneimites, Dawson, 1861.

Quart. Journ. Geol. Soc. vol. xvii, p. 5 ; see also Schimpev (69-74) vol. iii, p. 489.

Aneimites ovata (McCoy).

Type.—Woodwardian Mus. Camb., Foreign Plant Coll. No. 6.

1847. Otopteris ovata, McCoy (47) p. 148 & pi. ix, fig. 2.

1888. Aneimites austrina, Etheridge, Proc. Linn. Soc. N. S. W. ser. 2, vol. iii,

p. 1304 & pi. xxxvii.

McCoy's specimen, figured as Otopteris ovata, is one of the most
interesting in the collection. Eeistmantel,3 from an examination of

other specimens from Arowa, and elsewhere in Australia, believed it

to be identical with the European Rhacopteris incequilatera, Goepp., a

plant best known in Britain as Adiantites Lindseceformis, Bunbury.4

It must certainly be admitted that Feistmantel's figures present a

strong resemblance to those of Goeppert, Stur, and Bunbury, but I

am unable to identify McCoy's specimen with either his, or other

figures of Rhacopteris incequilatera. The general resemblance is

admittedly close, but a careful examination of the nervation (as

McCoy's excellent figure shows) discloses several points of disagree-

ment. The nervation in the Cambridge specimen is finer, more
graceful, and less rigid, and at the same time somewhat closer, more
radiating, and spreading. The nerves also dichotomize more than

once, in some cases as often as four times.

In 1888 Mr. Etheridge" figured a plant from the Lower Car-

boniferous of the Drummond Range (Queensland) as Aneimites

austrina, Eth. This plant again, as he points out, much resembles

Rhacopteris incequilatera, yet it is different in detail. The chief

differences appear to be the bipinnate nature of the frond, and
spreading pinnae, the less stiff and rigid, entire pinnules, with
veins dichotomizing several times. The nervation of Mr. Etheridge's

plant would seem to agree very closely with the Cambridge plant.

Judging from his description, and more especially from the

similarity of the nervation, I am inclined to regard these two plants

as identical. Mr. Etheridge has expressed very fully his reasons for

1 Carruthers, Quart. Journ. Geol. Soc. vol. xxviii (1872) pi. xxvii, figs. 4a
& b, p. 356.

2 Abhandl. d. k.-k. geol. Beiclisanst. vol. i (1852) pt. iii, no. 4, p. 16.
» Feistmantel (90) p. 97.
* Kidston, Trans. Eoy. Soc. Edin. vol. xxxv (1889) p. 424.
* Proc. Linn. Soc. N. S. W. ser. 2, vol. iii, p. 1304 & pi. xxxvii.
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assigning the Queensland plant to Dawson's genus Aneimites, and in

this I fully agree with him. Both the Australian specimens present

many points of similarity in type to the British Aneimites adian-

toides (L. & H.), referred by Mr. Kidston l
to the genus Sphenopteris,

and also to Andmites valida (Dawson). I have therefore referred

the Cambridge plant to this genus, at the same time instituting a

comparison with Neuropteris (Neuropteridium) of ISchimper.2 I pro-

pose to transfer Mr. Etheridge's plant to McCoy's species, as the

older determination of what I believe to be identical plants.

McCoy's specimen consists of a schist-like, flaggy rock crowded
with portions of the pinnules of this fern. The part figured by
McCoy consists of a stout rhachis bearing three large and fairly

complete pinnules on one side, and two, less perfectly preserved, on

the other. It is 1-| inches long, and 1 inch across. The best

preserved pinnules are -1 inch long, and -| inch across.

Equisetales.

Phyllotheca.

Phyllotheca deliquescens (Goepp.). (PI. I, fig. 3.)

Woodwardian Mus. Camb., Foreign Plant Coll. Nos. 43 & 44.

(For synonyms, see p. 17.)

McCoy 3 says that one of his species (Ph. HooTceri) is common in

the siliceous schists of Arowa. There are two specimens of Phyllo-

iheca in the collection labelled 'Arowa,' which seem to be identical

with Ph. deliquescens (Goepp.). Neither of these was figured by
McCoy, although the smaller closely resembles that figured (pi. xi,

fig. 7) from Mulubimba. It consists of a fragment, 2| inches long

and f inch wide, showing a node and portions of two internodes.

The internodes bear fairly sharp longitudinal ridges, opposite the

nodes, and separated by shallow grooves, about -^ inch across. The
specimen is compressed, and shows about eighteen ridges on one

side, and seventeen on the other.

The larger specimen (No. 44, PI. I, fig. 3) is 3 inches long, and

1| inches broad. It is precisely similar to the smaller specimen,

except in size. About twenty-three ridges are shown on one side.

As in the examples of this species from Mulubimba, neither of the

specimens shows leaves or branches, and they are in all probability

of the nature of pith-casts. It is therefore possible, if these rocks at

Arowa should eventually prove to be of Lower Carboniferous age,

that they may have to be referred to some other genus, such as

ArcJueocalamites.
4,

1 Brit. Mus. Catal. of Pal. Plants (1886) p. 73.
2 Schimper (69) vol. i, p. 447 ; see also Feistmantel (81) vol. iii, p. 10.
3 McCoy (47) p. 157.
4 These are the only two types of fossil plants in the collection that are

labelled 'Arowa.' There is no trace of any specimen of Glossopteris linearis

from that locality, nor in any rock similar to labelled specimens from Arowa.
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Conclusions.

List of the Plants described.

McCoy's determination.

Wianamatta Series.

1. Thinnfeldia odontopteroides (Morris)= Gleichenites odontopteroides,

McCoy.
Odontopteris microphylla,

McCoy.
2. Pecopteris (?) tenuifolia, McCoy. =Do. (type).

3. Phyllotheca australis, Brongt. = Phyllotheca Hookeri, McCoy.
4. Baiera multifida, Fontaine.

B. Newcastle Series.

1. Glossopteris Browniana, Brongt.

2. Glossopteris ampla, Dana.
3. Vertehraria australis, McCoy.
4. Sphenopteris alata (Brongt.)

5. Sphenopteris germana, McCoy.

6. Sphenopteris flexuosa, McCoy.
7. Sphenopteris polymorpha, Feist.

8. Sphenopteris hastata, McCoy.
9. Sphenopteris lobifolia, Morris.

10. Gangamopteris angustifolia, McCoy.
11. Phyllotheca australis, Brongt.

12. Phyllotheca deliquescens (Goepp.)

13. Noeggerathiopsis Goepperti (Schm.)

14. Cardiocarpus sp.

C. Arowa.
15. Aneimites ovata (McCoy).
16. Phyllotheca deliquescens (Goepp.)

: Gl. Browniana, Brongt.
Gl. linearis, McCoy.

: Gl. Browniana, McCoy.
:Do. (type).

Do.
Sphenopteris germanus, McCoy

(type).

Sphenopteris plumosa, McCoy.
:Do. (type).

:Do. (type).

:D0.
= Do. (type).

-Phyllotheca ramosa, McCoy.
Phyllotheca Hookeri, McCoy.
-Phyllotheca Hookeri, McCoy.
: Zeugophyllites elongatus, Morris.

; Otopteris ovata, McCoy (type).

Phyllotheca Hookeri, McCoy.

Of the twelve new types described by McCoy, five (namely, Odonto-

pteris microphylla, Sphenopteris plumosa, Glossopteris linearis,

Phyllotheca ramosa, and Ph. Hookeri) are no longer considered as

such.

The Age of the Beds.

There remains to be discussed the palseobotanical evidence as to

the age of these beds. The following is the succession in New South

Wales, in descending order:

—

4. Wianamatta & Hawkesbury Beds.
3. Newcastle Beds.

2. Series ofMarine Beds, or Muree Beds.

Upper Marine Beds.

Lower Coal - Measures (Greta,

Stony Creek, etc.).

Lower Marine Beds.
1. Lepidodendron-beds (Arowa ?, Smith's Creek, etc.).

In this paper we are concerned only with the age of the
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Wianamatta, Newcastle, and Arowa Beds. The various views,

which have been held on this question, are shown in the following

table :

—

Author
j

McCoy
(47).

Dana
(49).

Clarke ; Tenison-Woods
(78). (83).

i

Wilkin-
son, 1 1887.

Feistmantel

(90).

Wianamatta
Series.

Oolitic. Supra-Car-
boniferous

(? Mesozoic).

Jurassic. Trias.

Newcastle
Series.

Oolitic. Permian. Upper Coal-

Measures.
Trias (?) Permian. Permian.

Arowa. Lower Coal-

Measures.
Permian (?) Carboni-

ferous.

Lower Car-
boniferous.

With regard to the Wianamatta Beds, such evidence as the few
plants in the Clarke Collection afford supports FeistrnanteFs con-

clusion as to the Triassic age of these beds. Thinnfeldia odonto-

pteroides, a characteristic plant of this horizon in both Australia

and India, occurs in South America in beds of undoubted Rhsetic age.2

The identification of Battels Scdisburia pcdmata with the Triassic

Baiera multifida of America, and a comparison with the Bhaetic

Baiera Steinmanni of Chile, is a new point in favour of this

conclusion.

The Glosso[iteris-ftorzL is well developed not only in the Newcastle

Beds, but also in the Muree Series. It is generally customary to speak

of these as Perm o-C arboniferous. The question arises whether

the Newcastle Beds can be regarded as equivalent to the European

Permian in age. In Australia there is no record of any admixture

of typical Southern and Northern types,
3 such as Glossopteris and

Sigillaria or Lepidodendvon, as is known to occur in South Africa
4

and in South America. 5 The similarity between the fossil flora of the

Lower Gondwanas of India and that of the Newcastle Series of

Australia is well known, and an additional point of contact has been

shown herein the occurrence of Sj>henopterispolymorpha in Australia.

In South America, Dr. Kurtz 6 has shown that at Bajo de Velis

(Argentine Republic) typical Lower Gondwana types {Neuvopteridium

validum, Feist., Noeggerathiopsis Hislopi, Bunb., and Gangamopteris

cydopteroides, Feist.) occur in beds which he regards as of Permian

age ; a conclusion which Prof. Zeiller confirms. The two last-named

fossils are represented by closely allied types in the Newcastle Beds.

Further, the flora of the Bussian beds, classed by Schmalhausen 7

as Jurassic, but now regarded as Permian, has much in common

1 See T. W. E. David, Quart. Journ. Geol. Soc. vol. xliii (1887) p. 190.
2 See Eec. Geol. Surv. Ind. vol. xxviii (1895) p. 116 & vol. xxix (1896)

p. 56.
3 Clarke (61) p. 360. 4 Seward (97).
5 Eec. Geol. Surv. Ind. vol. xxix (1896) p. 57.
G See Zeiller (96)

2
pp. 467-68. ' Schmalhausen (79).
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with the Newcastle Beds : at least two species, Noeggerathi

Goepperti and Phyllotheca deliquescens, being identical.

Prof. Zeiller 1 has recently discussed the age of the Glossopteris-

types, and their relation to the European flora of similar age. He
regards the Glossopteris-fiom proper as made up of three types

—

Gangamopterisj exclusively Permian, and Glossopteris and Phyllo-

theca, appearing first in the Coal-Measures, and reaching their

maximum in the Permian. As Gangamopteris occurs in New
South Wales only in the Newcastle Beds, this is an additional point

in favour of regarding these beds as Permian, rather than as Permo-
Carboniferous. Such evidence as the plants in the Clarke Collection

afford, would certainly seem to support Peistmantel's opinion, that

the Newcastle Beds are equivalent to the Permian of Europe.

Lastly, in regard to Arowa only a few words are needed. It

has been shown, as had been long suspected by Australian authors,

that McCoy was mistaken in describing Glossopteris linearis from

that locality. The identification of McCoy's Otopteris ovata with

-Aneimites austrina, Eth., rather than with Phacopteris inaiquilatera

(Goepp.), in no way disagrees with Feistmantel's conclusion as to

the age of these beds. On the other hand, the occurrence of Phyllo-

theca at Arowa, as asserted by McCoy, but apparently overlooked by
Eeistmantel, is provisionally confirmed here. So far as I am aware,

this is the lowest horizon from which this genus has been described.

But, as I have already explained, these specimens are of the nature

of pith-casts, and as such it is practically impossible to distinguish

between Phyllotheca, Archceocalamites, or even some Calamites. It

is possible, therefore, that these specimens should be assigned

rather to the genus Arch&ocalamites, a typical Lower Carboniferous

European type, if an undoubted flora of that age were known from
Arowa. As, however, Feistmantel 2 apparently correlated these

beds with those of Port Stephens and Smith's Creek, solely on the

occurrence of Phacopteris inosquilatera (Goepp.), the exact horizon

and age of this locality must for the present remain doubtful.

In conclusion I wish to express my great obligations to Mr. A. C.

Seward, M.A., F.R.S., who has not only given me the benetit of his

advice on questions of identification, but has greatly helped me in

the study of a widely scattered literature.
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EXPLANATION OF PLATE I.

[The figures are reproduced from photographs taken by Mr. Tarns, Cambridge.]
All the specimens are in the Woodwardian Museum, Cambridge.

Fig. 1. Noeggerathiopsis Goepperti (Schmal.). (Slightly enlarged.)

2. Noeggerathiopsis Goepperti (Schmal.). (Slightly reduced.)

3. Phyllotheca deliquescent (Goepp.). (Natural size.)

4. Sphenopteris polgmorpha, Feist. (Slightly reduced.)

5. Sphenopteris polgmorpha, Feist. (Slightly enlarged.)

Discussion.

Dr. Blanfoed expressed his satisfaction at hearing a paper read

before the Society, in which the Palaeozoic age ot the Australian

Coal-Measures was fully accepted on palaeontological evidence.

For many years the question had been debated, between McCoy
backed by all the European palaeontologists, Schimper among
others, who declared that the Newcastle Beds of Australia were
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Jurassic, on the one side ; and on the .other, by the geologists

of New South Wales, among whom none did more valuable work
in proving the Palaeozoic age of the Coal-Measures than the Rev. W.
B. Clarke, the collector of the specimens described by the Author.

Clarke published sections of coal-pits, showing the actual inter-

calation of beds with Glossopteris and Vertebraria between others

containing Spirifer and Productus. The speaker referred briefly to

the distribution of the Southern Upper Palieozoic Glossopteris-ftoia.,

and called attention to the remarkable discovery of the same by
Prof. Amalizky in Russia, in the basin of the Dwina.

Prof. Boyd Dawkins congratulated the xluthor on his paper

based on the collection of the late Rev. W. B. Clarke, which the

speaker had studied in 1874 in Sydney. Clarke—the friend of

Murchison, Sedgwick, and Lyell—was regarded, and justly, as the

father of Australian geology, and his work has stood the test of

the more minute surveys made since. He pointed out to the

speaker the association of Carboniferous plants, such as Lepido-

dendron, with the Glossopteris-$.om ; and the speaker had collected

a large number of specimens of that flora from the Lower Car-

boniferous shales of the railway-cuttings between the Blue Mountains
and Bathurst. These are in the Manchester Museum, and might
form the subject-matter for a second paper on the flora from the

present Author.

Dr. A. Smith Woodavard said that he had studied some of

the fishes obtained from these rocks. Two collections had been
described, but the third collection (from St. Peter's, near Sydney)

,

still to be described, contained the most truly typical Palaeozoic fishes

that he had yet seen from New South Wales, including Pleur-

acanthus and Palseoniscid fishes of undoubted Palaeozoic affinities.

In the Wianamatta and Hawkesbury Beds, however, there were
other fish-faunas : one of the faunas was, at the earliest, Triassic,

and another would certainly be described as Jurassic. Further,

a fish from the so-called Mesozoic of the Clarence River-Basin
proved to be generically the same as a recent freshwater fish, one
now living in the Australian rivers.

The Author, in replying to Dr. Blanford, said that it now seemed
clear that, towards the end of Permo-Carboniferous times, a migration

into Europe of the Southern types of the Glossopteris-Roisi took
place. This was shown by the discovery of Glossopteris, and the

occurrence of Noeggerathiopsis Goepperti and Phyllotheea ddiquescens,

in the Permian of Russia. It was perhaps one of the most important
results that had been attained by recent researches, and of which
there was undoubted evidence in the plants of the Clarke Collection.

In reply to Prof. Boyd Dawkins, he said that his conclusion, that

the age of the Newcastle Beds was Permian rather than Permo-
Carboniferous, was based entirely on such evidence as the plants

themselves afforded. He was unaware that Lepidodendron and
Glossopteris had been found associated in the Newcastle Beds, as Prof.

Boyd Dawkins stated, a fact which he believed had not been recorded.
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2. On an Altered Siliceous Sinter from Builth (Brecknock-

shire). By Frank Rtjtley, Esq., F.G.S. (Read November 6th,

1901.)

[Plate II.]

In a former paper some tufaceous rhyolites from Dufton Pike were
described,

1 which seemed to afford evidence of solfataric action, yet

they scarcely gave the convincing proof that could have been desired

of the former existence of hot springs and geyser-action among the

old volcanic districts of the British Isles.

Attracted as I was by the resemblance of a small specimen of a

brecciated rock from Carneddau, near Builth, to a rock from Rotorua,

described in a former paper,'
2

it seemed desirable to examine other

small chips from the Builth neighbourhood which were given to me
many years ago by the late Mr. H. W. Bristow, F.R.S., my former

Director on the Geological Survey. Among these specimens was one

labelled * Rock acted on by heat, Builth,' which seemed to promise

more satisfactory information on the subject of old siliceous sinters

than that to be derived from the microscopic examination of the

generality of quartzites, the latter often snowing incontrovertibly

that they are sandstones which have undergone various degrees of

alteration.

The rock now to be described shows no trace of original sand-

grains. It is unfortunate that the label gives no indication of the

precise locality at or near Builth from which the specimen was
derived/ Apart from this drawback, however, it appears to be of

sufficient interest to deserve record. If the deposit be of tolerable

thickness and extent, its pale yellowish-white or pinkish-cream

colour should render it easy of recognition by future investigators

of the geology of the district.

^ • rock has an almost compact or an exceedingly fine-grained

character, and a fracture which is in some parts coarsely platy, in

others small-conchoidal. It is veined with quartz, sometimes dis-

tinctly crystallized where quartz was apparently attached to the

walls of slightly gaping fissures. Both the rock and the veins

which traverse it are too hard to be scratched by a knife-point.

Small splinters of the rock can, however, be fused on thin edges

to a white, frothy glass, after long exposure to the blowpipe-

flame.

Small splinters from a white siliceous sinter (H
40)

from Rotorua *

proved under like circumstances to be quite infusible, but in this

specimen the silica was found by Mr. Philip Holland to amount to

93-59 per cent. In siliceous sinters, also from Rotorua (H
38
and

1 Quart. Journ. Geol. Soc. vol. lvii (1901) p. 31.
2 * Additional Notes on some Eruptive Rocks from New Zealand ' Quart.

Journ. Geol. Soc. vol. lvi (1900) p. 493.
* It probably came from Carneddau or its vicinity.
4 Op. tit. p. 503.
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H^), 1 containing many small fragments of pumice and some of felspar,

fusion on the edges of thin splinters could, on the other hand, be

clearly effected in the flame of the blowpipe : a circumstance easily

to be accounted for by the smaller amounts of silica =81*99 and
81*22 per cent., which these specimens were respectively found to

contain. From its slight fusibility, it is clear that if this Builth

rock be a siliceous sinter, it is a more or less impure or tufaceous

one, containing small fragments of fusible minerals or rocks like the

specimens H
38
and H

39
from Rotorua.

Two other possibilities presented themselves, either that the rock

was a chert or that it was a lithoidal rhyolite. The former

supposition is negatived by the absence of any fragments of shells,

crinoids, sponge-spicules, or foraminifera, such as one usually meets

with in cherts, by the absence of rhombohedral crystals of carbonates,

and also by the absence of the radial crystallizations frequently to

be seen in cherty deposits. Furthermore, that this rock is not allied

to any form of rhyolite seems proved by the absence of any of those

microscopic structures which so commonly characterize rhyolites and

their altered representatives.

Under the microscope, it is seen that the rock from Builth is

decidedly tufaceous. It appears that this tufaceous matter is not

entirely of one kind, since small pale greenish crystals, often with
somewhat ragged boundaries, are here and there present in thin

sections ; but they are generally so much altered and over- or under-

lain by the small birefriugent grains of the sinter, that it is difficult

to ascertain anything definite about their optical properties. They
often seem to give straight extinction, and may be epidote.
By far the greater part of the tufaceous matter is, however, seen

to consist of diminutive fragments of pumice. These, at first

sight, are not very evident, being usually faintly outlined in pale

brown, or they often appear as almost colourless phantoms of small

pumice-shreds, their concave boundaries and their occasional f> Fca-

tions of fibrous structure alone serving to show their real character.

In order to see them distinctly, it is needful to search the clearer

parts of the sections in ordinary transmitted light, under a moderately
high magnifying power, and to employ careful focussing.

To avoid any bias from a preconceived notion regarding the nature

of these small bodies, a number of drawings were made from them
and from fragments of pumice occurring in the siliceous sinter (H

39 )

from Rotorua ; and a comparison of a selection of these rough out-

lines reproduced in the accompanying figure (p. 30), will, I think,

sufficiently prove that the resemblance between the fragments from
the one locality to those from the other justifies the assumption that,

in general form at least, there is no essential difference.

The resemblance ceases, however, when polarized light is employed.
The fragments of unaltered pumice in the sinter from Rotorua
are quite isotropic when viewed between crossed nicols, while the

1 Quart. Journ. Geol. Soc. vol. Ivi (1900) pp. 502 & 503.
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fragments in the rock from Builth break up into a mosaic of bi-

refringent grains under like examination. This is shown in PI. II,

tigs. 7 & 8, the upper figure depicting a fragment of pumice in the

Builth rock, as seen in ordinary transmitted light: while the lower

figure represents the appearance of the same spot in the section,

when viewed between crossed nicols. No trace of the fragment of

pumice is any longer to be seen in the latter figure, but merely a

confused mosaic of birefringent grains, the pumice being altered

into the same condition as the surrounding siliceous sinter.

In PI. II, fig. 1, is represented the general appearance of the Builth

rock in ordinary transmitted light ; while fig. 2 shows the same part

of the section when viewed between crossed nicols. In the same

Plate, part of a section of pumice-charged geyserite or siliceous

sinter from Eotorua is shown for comparison, fig. 3 representing

what is seen in ordinary transmitted light, while fig. 4 shows the

same part of the section as it appears between crossed nicols.

The fragments of pumice in fig. 4, being in an unaltered condition,

are quite dark, while no such fragments are to be seen in fig. 2,

since the fragments of pumice in the Builth rock are as much altered

as the sinter surrounding them. It should also be noted that the

sinter in the New Zealand rock appears to be neither so dark nor

so highly crystalline (between crossed nicols) as the sinter in the

Welsh rock. In these figures we compare, in fact, the appearance

of a young sinter with that of an extremely old one.

There yet remains another feature in these rocks about which it

might be well to say as little as possible. Some of the siliceous sinters

of New Zealand contain small patches of a brown substance,
which in the thicker parts of a section appear very dark brown or

nearly black ; and in the rock from Builth, which we have been

trying to describe, there are patches of what seems to be a similar

substance. Mr. Frederick Chapman has kindly examined some of the

sections of this rock from Builth, but, although he believes that the

patches represent something of an organic origin, he has failed to

detect anything which will enable him to say whether it belonged

to the animal or to the vegetable kingdom.

Since Prof. Weed noted the presence of algous growths in some
of the siliceous sinters of New Zealand, 1

it seems possible that this

brown substance may also be of a like nature. A patch of the

questionable brown substance is represented in the middle of fig. 5,

PI. II, which has been drawn from a section of the Builth rock

;

while fig. 6 in the same Plate shows part of a section of pumice-tuff

cemented by siliceous sinter from Botorua, in which several patches

of this brown substance are represented. In this case they are

clearly seen to fill up spaces between the fragments of pumice
The brown substance in the Builth rock seems to occur in an equally

irregular manner.

It is only right that I should mention that, in a previous paper, 2

1 U.S. Geol. Surv. 9th Ann. Report (1887-88).
2 'Notes on the Rhyolites of the Hauraki Goldfields ' Quart. Journ. Geol.

Soc. rol. lv (1899) p. 449.
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read before this Society, I had occasion to allude to a brown
substance occurring in a w quartz-blow ' from Waihi. This substance

was a source of considerable perplexity to me ; some of it formed
spongy-looking fragments, which I doubtfully suggested might be
fragments of vesicular lava and, inadvertently, it was positively so

named in the description of one of the figures. In other cases the

brown matter formed irregular streaks like whip-lashes. On my
subsequently submitting a section of the rock to Dr. G. J. Hinde,

F.H.S.,he kindly examined it, and informed me that the brown bodies

were doubtless of organic origin, but that he could offer no further

opinion about them on account of their obscurity as regarded

structure. The specimen alluded to was numbered H
18

, and, in

view of Dr. Hinde's opinion, I beg publicly to recant the statement

that fig. 4, pi. xxxiii, 1 represented c fragments of brown glassy

vesicular lava,' and to say that it represented * brown matter of

organic origin in chalcedony '

(
w quartz-blow ') X 140.

If Dr. Hinde's opinion be correct, which I do not venture to

doubt, the origin of the particular ' qnartz-blow ' in question may
have been somewhat similar to that of a geyserite or siliceous

sinter; but I refrain from any further speculation about this rock,

trusting that Prof. Park will work out further details concerning

its mode of occurrence.

After this digression, it may be well to say a few words con-

cerning another rock from the vicinity of Builth. It is essentially

a breccia, consisting of sharply angular pinkish to greyish-white

fragments, embedded in a dark grey to black cement. Both the

fragments and the cement are harder than steel, the poiut of a pen-

knife making no impression. This specimen, which so closely

resembles a pumice-tuff or breccia from the sinter of Rotorua (H
42 ),

was also given to me by the late Mr. H. W. Bristow, and was
labelled as coming from Carneddau, near Builth. It and the speci-

men first described in this paper were doubtless collected at the

same time and, I should think, probably at or near the same spot.

Provisionally I merely called it a felsite-breccia, and its general

appearance in thin section under the microscope warrants such a

name; but, when examined more carefully in ordinary light, most of

the fragments show faint and occasionally fairly distinct traces of

the fibrous structure and concave outlines so characteristic of the

pumice-fragments, just described as occurring both in the Builth

and Rotorua sinters. The outlines of such fragments are, however,

obliterated in polarized light, owing to their altered nature, in which
alteration, judging from the extreme hardness of the fragments,

impregnation and partial or entire replacement by silica must have

played a very important part. Between crossed nicols the frag-

ments show differences in texture, some being much more finely

crystalline than others ; the coarser seeming to have more the

character of pumice-tuffs, while those of finer texture rather

1 Quart. Journ. Geol. Soc. vol. It (1899) pp. 463, 468.
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resemble fragments of altered siliceous sinter, with little, if any,

tufaceous admixture. An occasional fragment indicates that other

rocks, suggestive of highly altered porphyrites, have contributed

fragments to this breccia.

The cement which binds the fragments has the appearance of

vitreous matter rendered turbid by brown stains and dark streaks

and spots, the latter appearing in quite irregular forms when
examined under an amplification of ^50 diameters, and showing no

approach to definite crystal-form. Under crossed nicols this cement
appears more or less dark, but is filled with very minute birefringent

specks. Ii* the cement be regarded as possibly a siliceous sinter,

and its hardness warrants such a supposition, it certainly has not

attained the advanced stage of alteration of the sinter from Builth,

previously described ; and since it cements fragments of rock, most

of which resemble the sinter already alluded to, it must, therefore,

be of later age. Both fragments and cement are also traversed by
delicate veins of quartz, the latter marking a still later stage in the

history of this rock.

The specimen which it most resembles is a pumice-tun° or breccia

(H
42)

from Kotorua. The angular or subangular fragments of

pumice are perfectly fresh, and the cement very slightly, if at all,

exceeds in quantity that present in the breccia from Carneddau.

Between crossed nicols a section of the breccia from Kotorua is

practically isotropic, except for the hyalite which represents the

greater part of the cement. Here the cement has a marked bire-

fringence, and the small globules of hyalite show the usual charac-

teristic dark crosses. There are, however, some limited areas where
the siliceous sinter has not assumed the condition of hyalite, and

the sinter then appears isotropic, save for some minute birefringent

specks which indicate the first stage of alteration. This section

also contains some brown matter, probably of organic origin, and

similar to that occurring in the other sections described. That this

pumice-breccia from Eotorua would, in time, pass into the condition

of that from Carneddau seems by no means unlikely.

It is quite possible that further field-work may show that, in

the Builth neighbourhood, conditions have existed similar to those

which now exist in and around Lake Eotorua
;

yet, so far as I

know, the recent sinters of New Zealand and the old sinters of

Wales have not hitherto been compared.

In conclusion, I wish to tender my sincere thanks to Mr. Frederick

Chapman, A.L.S., F.B.M.S., for the lantern-slides and photographs

which he prepared in illustration of this paper.

Postscript.

[When writing this paper I was not aware that my former

colleague, Mr. J. G. Goodchild, F.G.S., had found sinters, both

siliceous and calcareous, in the volcanic rocks associated with the

Lower Carboniferous System in and around Arthur's Seat. To

Q. J. a. S. No. 229. d
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these he alludes in his ' Outline of the Geological History of the

Bocks around Edinburgh/ read in August 1897, and published in

Proc. Geol. Assoc, vol. xv, where at p. 129 he states that

' Concurrently with the upgrowth of the volcano there arose hot springs, and
perhaps also geysers. From these were deposited beds of calcareous and
siliceous sinter, which were spread out in thin layers in the vicinity of their

orifices.'

Although neither have I had an opportunity of examining this

siliceous sinter, nor can I find any reference to its microscopic cha-

racters in the paper just cited, it is only right that I should give

due credit to its discoverer, whose careful work has always com-
manded my respect.

—

December 4ih, 1901.']

EXPLANATION OF PLATE II.

Fig. 1. Siliceous sinter (pumice-bearing). Builth, Brecknockshire. X 140.

Ordinary transmitted light.

2. The same part of the section. X 140. Crossed nicols.

3. Siliceous sinter (pumice-bearing and with a few fragments of felspar).

Rotorua, New Zealand (H39 ). X 140. Ordinary transmitted light.

4. The same part of the section, x 140. Crossed nicols.

5. Siliceous sinter, showing brown matter probably of organic origin.

Builth, Brecknockshire, x 140. Ordinary transmitted light.

6. Siliceous sinter (pumice-bearing), showing brown matter, probably of

organic origin. Rotorua, New Zealand. X 140. Ordinary trans-

mitted light.

7. Fragment of pumice in siliceous sinter. Builth, Brecknockshire.

X 140. Ordinary transmitted light.

8. The same. X 140. Crossed nicols.
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3. Note on a Submerged and Glaciated Rock-Valley recently

exposed to view in Carmarthenshire. By Thomas Codrington,

Esq., MJnst.C.E., F.G.S. (Read November 6th, 1901.)

In a paper published in the Quarterly Journal for 1898 x
I gave

particulars of submerged rock-valleys in South Wales. Further

instances of the same sort have since come to light, one of which is

sufficiently remarkable to deserve description. It was discovered

in building a bridge across the River Towy, at Drysllwyn, 9 miles

above Carmarthen (to which place the tide now flows), and about

18 miles from the mouth of the river. The sources of the Towy are

some 40 miles from Drysllwyn, on the borders of Cardiganshire and

Radnorshire, at about 1700 feet above the sea; but tributary streams

descend from the Black Mountain, 2000 to 2600 feet above sea-level,

on the south of the Towy Valley, 12 to 16 miles above Drysllwyn.

At the bridge, the valley is narrowed by a detached hill of Lower

Section in the Towy Valley at Drysllwyn,

^rMuci ancL-silt:-::^

^rwith glaciated- _-

^blocks and stenei

: V, W4£f&#£&^^

Scale: about 40 feet to an inch. . \^i§=^

Silurian rock rising about 180 feet above the river, which stands out

into the valley and contracts the width to half a mile. The river

now flows at the foot of the hill, which rises at an angle of 40°

with the horizon, and is crowned by the ruins of Drysllwyn Castle.

Near the water's edge on the north of the river, the rock was laid

bare, for the foundation of the abutment of the bridge, over an

area of 30 by 20 feet. It sloped down gradually to 23 feet below

summer water-level at the western or down-stream side, and it was

glaciated in large furrows, a foot and more across, running in the

direction of the river. The surface of the rock was smoothed and

striated, and striated blocks of grit rested upon it. In the Boulder-

Clay above, striated stones and scratched pebbles of black Carboni-

ferous Limestone, like that of the Black Mountain already

mentioned, were found.

About 60 feet farther out in the river*, borings showed that beneath

10 or 11 feet of gravel a silty clay extended to a considerable depth,

1 Vol. liv, p. 251.

d2
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and cast-iron cylinders were sunk. The rock was not met with until

a depth varying between 34 aud 42 feet below summer water-level

was reached, or as much as 19 feet below the glaciated surface exposed

on the northern bank, and it was found then to be sloping towards

the south at an angle varying from 28° to 18° with a vertical line,

so that to get a full bearing for cylinders 6 feet in diameter it was
necessary to cut away the rock to a depth of 45 to 56 feet below
summer water-level, at which depth the rock was still sloping down-
ward at the same precipitous angle. The face of the rock presented

an even surface, but the conditions under which it had to be cut away
did not admit of proofs of glaciation being observed. Scratched stones

and pebbles were, however, met with in the clay near the rock.

About 60 feet farther to the south the silty clay (beneath 16 feet

of gravel) was penetrated to more than 30 feet below summer
water-level without reaching the rock.

The low summer water-level in the river is 48 feet above Ordnance

datum, so that the glaciated surface which was exposed on the

northern bank is only 25 feet above that level, and 60 feet farther

south the rock is sloping down at a precipitous angle at 8 feet below

mean sea-level, at a distance of 18 miles from the mouth of the river.

There is here, as in the instances given in the paper above referred

to, evidence of a very considerable elevation of the land during the

Glacial Period, with a corresponding greater distance to the sea.

It was my intention to have exposed to view in the new
bridge a well striated block of gritstone from the foundation, but

the glaciated surface began to flake off, and so the block was sent to

Carmarthen for preservation. Some smaller glaciated and scratched

stones and pebbles have also been preserved.

Discussion.

Prof. Boyd Dawkiks pointed out that the Author's observations,

as to the pre-Glacial valjeys on the Welsh seaboard having been

excavated when the land stood at a higher level than it does

now, were amply confirmed by the examination of the whole of the

area reaching from AYales to Cumberland. In this area all the

lower portions of the valleys are tilled with Boulder-drift. In some
cases—as, for example, in the Lancashire and Cheshire plain—they

have been completely filled up. The observations made for the

purposes of the Manchester Ship Canal prove that the rock-valley

of the pre-Glacial Mersey exists at a depth of about 160 feet below

Ordnance datum to the north-west of Runcorn, and the barrier of

Red Sandstone reaching across from Liverpool to Birkenhead proves

that the outlet seaward was not in that direction : it was in

the Drift-covered region to the north of Liverpool. When these

valleys were being cut by the pre-Glacial rivers, the 100-fathom

line was probably the Atlantic seaboard.

The Author, in connexion with Prof. Boyd Dawkins's remarks,

called attention to the specimens of pebbles exhibited, which were

perfectly rounded before they were scratched.
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4. On the Meteorological Conditions of the Pleistocene Epoch.

By Dr. Nils Ekholm, Meteorologiska Central-Anstalten, Stock-

holm. (Communicated by Prof. W. W. Watts, M.A., F.G.S.

Read November 20th, 1901.)

In his interesting paper entitled ' The Influence of the Winds upon
Climate during the Pleistocene Epoch,' Mr. F. W. Harmer 1 has

endeavoured to describe the meteorological conditions of that

epoch by means of the theories and facts of modern meteorological

science. The subject is no doubt one of great interest, but also

of great difficulty. We still know too little concerning the

nature, origin, and development of the great atmospheric eddies,

the cyclones and anticyclones, to be able to reconstruct their

average positions and tracks on the globe during a past geological

epoch. Furthermore, it is very difficult to estimate the influence

of those eddies on climate. As my opinion on this matter differs

in some important respects from that expressed in Mr. Harmer's
paper, I crave permission to discuss the question briefly. It may
be conveniently divided under the following heads :

—

(1) What are the meteorological conditions necessary and suffi-

cient to produce a permanent ice-sheet, or glaciation such as that of

the Great Ice-Age ?

(2) What will be the influence of such a glaciation on the

meteorological conditions, especially on the cyclones and anticyclones,

over the ice-covered land and its neighbourhood ?

In order to answer these questions we must consider the present

climatic conditions of the earth, and draw our inferences there-

from.

(1) We know that a land must lie above the snow-line in order

that it may be glaciated. At first sight, we might be inclined to

assume that this snow-line coincides approximately with the mean
annual isotherm of 32° Fahr. But this holds good only in the

vicinity of the Equator, where the yearly variation of the tem-

perature of the air is insignificant. The farther we recede frdm

the Equator, and the nearer we approach the Poles, the more, as a

general rule, does the mean annual temperature of the snow-line

sink below 32° Fahr. This temperature, however, will not vary

with latitude only, for the quantity, quality, and annual period

of precipitation [rainfall], and the summer temperature have a

very marked influence. Thus the centre of cold near Verkhoyansk
in Siberia, with a mean annual temperature of about 0° Fahr., is

not glaciated, whereas the southern point of Greenland, with an
annual mean of about 32° Fahr., is covered with a permanent
ice-cap. Now Eastern Siberia is covered during the whole winter

by a great anticyclone, the sky is nearly always clear, little or

no snow falls, and that which does fall is very quickly thawed
1 Quart. Journ. Geol. Soc. vol. lvii (1901) pp. 405-76.
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at the beginning of the hot season. This season is short, but

relatively warm with frequent rainfall. In Southern Greenland,
on the contrary, a great deal of snow falls during the whole winter,,

owing to frequent cyclones passing across or south of that area

during that season. Moreover, this cyclonic state of weather
persists in summer as well : the sky is generally cloudy, and the

effect of the summer sun is counteracted thereby, and by the

cold and damp winds coming in from the ice-filled sea surrounding
the Greenland coast. Of course, the height above sea-level and
the thick ice-sheet already covering that land also contribute to

maintain its state of glaciation ; and it is possible that the present

climatic conditions of this region are such that, if the ice-sheet

were now removed, it would not return. It is remarkable, more-
over, that the northernmost part of Greenland and the surrounding

islands are not completely ice-covered, despite the much lower mean
annual temperature, a fact which is explained by the insignificance

of the snowfall there.

Such instances might be multiplied, and from all of them the

conclusion may be drawn that a region where a permanent
anticyclone prevails during the winter, cannot be
covered with a permanent ice-sheet, however low the

winter-temperature may fall, unless possibly the summer is not

only cold but accompanied by an abundant snowfall, so that more
snow falls in that season than is thawed away. This latter state

of weather might perhaps be found somewhere in the unexplored

Polar regions—the South Polar cap for instance—but certainly not

in any known country.

The most favourable climate for land-glaeiation is to be found

in the great Southern Ocean. In Cape Horn and Kerguelen Island

the glaciers come down to the sea, and the snow-line is comparatively

very low, so that it probably coincides nearly with the isotherm of

32° Fahr.. despite the high latitude (49° to 55° S.). Moreover,

the cyclonic state of weather prevails there all the year round, and

the summer is relatively very cool.

If we now consider the area of glaciation in North America and
Europe during the Great Ice-Age, we find that it nearly coin-
cides with the area now crossed by the most regularly
frequented tracks of storms or cyclones. More strictly

speaking, those regions are the site of moving or temporary cyclones

and anticyclones, which alternate. Eegions occupied by stationary

anticyclones during the greater part of the year have little or no

permanent ice-sheet, even though the mean annual temperature be

much below the freezing-point. Such are several great plains and

highlands in Asia and America.

We find also that the difference between the mean annual tem-

peratures at the same latitude in Europe and North America probably

was nearly the same during the Great Ice-Age as it is now, for the

southern limit of the ice-sheet coincides approximately with the mean
annual isotherm of 55° Fahr. in both continents (or 50° Fahr., if
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only the glaciation of the low land is considered). Then, too, most

geologists agree in considering that a lowering of the present snow-

line to the extent of about 3300 feet, corresponding to a lowering

of the mean annual temperature of the earth's surface by 7° or

9° Eahr., was the general cause of the Great Ice-Age.

But it must be borne in mind that glaciation, when once begun,

deteriorates the climate, as it increases the snowfall and lowers the

summer-temperature ; and that the ice-sheet at the edges is main-

tained by the ice-streams coming from the central parts, and not by
the snow falling at the edges, where much more ice is thawing than

is falling in the form of snow. In this manner the glaciation
of the British Isles maybe explained: it was probably
due merely to the circumstance that the centre of

glaciation in Scandinavia sent its ice-streams across
the North Sea, and thereby modified the climate of the British

Isles.

The hypothesis that all this glaciation was caused by an upheaval

of the ice-covered districts from 3000 to 5000 feet, is in itself very

improbable, as the phenomenon of increased glaciation took place

nearly all over the earth's surface. Such an hypothesis is certainly

not established by means of geological facts, but imagined only in

order to explain a glaciation for which no other sufficient cause

could be found. If this explanation were true, the melting-away

of the ice must also be explained in a similar way, that is, by an
equally great subsidence. Now this melting-away, according to

Baron Gerard De Geer, went on very rapidly in the centre of

Eastern Sweden (plain of Upland), namely, at a rate of 300 feet

or more every year horizontally (along the ground), whereas no
simultaneous subsidence of corresponding dimensions took place.

By this I do not mean to deny that great alterations in level
took place before, during, and after the Great Ice-Age, but I do
affirm that the phenomenon of glaciation as a whole was
not controlled by them.

The hypothesis that a glaciation of North America would raise

the temperature of Europe, and vice versa, by means of an alteration

of the great centres of action of atmospheric circulation seems to

me to be physically untenable. Por the influence of the Atlantic

continuation of the Gulf-Stream, and the south-westerly winds
generated by it, on the climate of Europe, would be powerless to

prevent an ice-age, if a general lowering of the mean temperature

of the earth's surface amounting to 7° or 9° Fahr. took place. In
fact, that influence has rather a cooling effect during the summer,
because the temperature of the European continent, and also that of

the British Isles, is then higher than that of the Atlantic. More-
over, the temperature of those Isles is, in July, somewhat lower than
the average for the corresponding parallel. Only during the winter
has the Atlantic any very considerable influence in warming North-
western Europe. But as only the warmth of the summer can
prevent glaciation, it is evident that, so soon as snow falls in the
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winter, an increase of the oceanic influence on the European
weather will tend to increase also the probability of an ice-age,

under the supposition, of course, that the above-named general

lowering of the mean temperature of the earth's surface has taken

place. In any case the influence of the winds alone will be but
feeble, as the summer-temperature is only slightly influenced by
them.

Still feebler, and indeed quite insensible, would be the influence

of a glaciation of Europe on the climate of North America. For the

influence of an ocean on the climate of the continent on its western
side is in every case very small in our latitudes, as the general air-

currents come from the west. Moreover, the cold Labrador current

flowing past the American coast would prevent the Gulf-Stream

from warming this coast, even if north-easterly winds were so

common in the Northern Atlantic that they could deviate the Gulf-

Stream so that it should flow from east to west. This deviation

is, however, impossible, as the general direction of winds and
ocean-currents is determined by the rotation of the earth, and by
the decrease of temperature from the Equator to the Poles.

It must be borne in mind that the general atmospheric
and oceanic circulation depends primarily on the state
of the earth's surface as a whole, and that the influence
of the hot zone is preponderating. In fact, let the Northern
Hemisphere be divided into three zones, the first from the Equator
to 40° lat. N., the second from 40° to 70° lat. N., and the third

from 70° lat. N. to the Pole; and let us calculate the areas of those

zones and the quantities of heat received by them from the sun, in

percentages of that of the whole hemisphere. We find

Quantity of heat

Zone. Area. received in a year.

per cent. per cent.

0°to40°N 64 73

40° to 70° N 30 24

70° to 90° N 6 3

Thus the first zone receives nearly three quarters of the whole
heat, the second scarcely one quarter, and the third or Polar zone

only 3 per cent. The difference of area is not quite so great, but
it is still considerable. Hence we conclude that the first zone must
play the principal part in all great and secular climatic changes.

Now, the area of the Northern Hemisphere covered by a

permanent ice-sheet during the Great Ice-Age was only
about 9 or 10 per cent, of the area of the hemisphere;
and therefore its influence on the general atmospheric
circulation could not be very marked.

Furthermore, the positions and movements of anticyclones are

not generally determined by the temperature of the ground in

our latitudes. In most cases they seem to be eddies formed by the

great circulation going on between the tropical and temperate zones,

and sometimes they persist during several weeks over Europe or

North America in a hot summer month. As a rule, the great
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cooled continents attract them during the winter, but they are not

regularly formed over the Polar regions, where the weather is nearly

as variable as in our latitudes, with moving cyclones and anti-

cyclones. Thus we have no reason to believe that per-

manent anticyclones were formed over the ice-sheets of

the Great Ice-Age. And, in fact, as remarked above, the ice

would have disappeared relatively soon during such a state of

weather, as it would not then have been maintained by snowfall.

(2) It remains to determine the influence of the ice-cap on the

glaciated land and its neighbourhood.

We know that the amount of rain or snowfall generally increases

with the height of the ground above sea-level, and proportionately

more so if the ground is covered with snow. This is verified both

by theory and by observation. Thus, the observations recently

made by Dr. Axel Hamberg in Lapland have given a yearly

precipitation of 80 to 120 inches of water at a height of 6500 feet

above sea-level, whereas the amount in the neighbouring meteoro-

logical stations at heights of 650 to 1000 feet is only about

15 inches.

The formation of an ice-sheet one or more miles thick will,

therefore, increase the snowfall enormously and tend to reinforce

itself, so long as the temperature remains sufficiently low. More-
over, the height of the upper surface of the ice and the thermal

properties of snow and ice will lower the temperature considerably.

In this way the enormous extension of the ice-sheets may be

explained.

As to atmospheric circulation, the effect on it during the winter

was probably similar to that observed in a cold winter nowadays.

Such a winter begins with frequent snow-storms caused by cyclones,

wrhich are deviated into a more and more southerly track as the

winter advances, whereas an anticyclone is often formed in the

north over the cooled area. Such an anticyclone, however, is not

stationary, for it generally moves eastward just as the cyclones do,

though as a rule more slowly and irregularly. Owing to the great

contrasts of temperature and copious condensation of water, snow-
storms in the Ice-Age were probably much more violent and frequent

than at the present time. Also the summer must have been

generally cool and stormy, with frequent fogs. The present climate

of Cape Horn or Kerguelen Island will probably give some faint

idea of the weather prevailing in Europe and North America during

the Great Ice-Age.

As in our present cold and stormy winters the cyclonic tracks

are much more southerly than in the mild winters, I conclude—in

agreement with Mr. Harmer—that the southern part of North
America and Europe, as well as the northernmost part of Africa,

were much more rainy than now. The great anticyclones now
situated between 20° and 40° lat. N. were also probably displaced

southward, and the thermal equator of the earth, which now is

to be found at about 10° N, in the longitudes of Europe and
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America, may have approximately coincided with the geographical

equator.

As to the influence of this state of weather on the climate of the
great Asiatic continent, I do not venture to express an opinion, and
must leave that point for future consideration.

Finally, I may add the following brief remarks.
Trees grow now farther north in Siberia than in Scandinavia, as

the summer is warmer in the first-named region. As shown by
Dr. Gunnar Andersson, no trees can grow if the mean temperature
of July does not amount to at least 50° Fahr., but if this condition

is realized, excessive severity of the winter does not prevent their

growth.

With regard to my paper on the variations of the climate of the

geological and historical past and their causes,
1
I tried to prove, in

agreement with Prof. Sv. Arrhenius, that the principal cause of

these variations is to be found in the variations in the quantity of

carbon-dioxide present in the atmosphere. I remarked 2
also that

the principal cause of the gradual rise of temperature about the

end of the Great Ice-Age must be attributed to a slow increase of

the quantity of carbonic acid in the air. But as the changes in

the obliquity of the ecliptic also cause noticeable variations in the

summer-temperature of every country north of 45° lat. K"., those

variations must be taken into account as well. Now, considering

the geological fact that the Swedish paheobotanists have found after

the end of the Great Ice-Age only one marked period of a type of

vegetation richer and more southerly than the present one, namely,

that which occurred 9000 years ago, we must assume that 48,000
years ago the ice that covered Sweden during the Great Ice-Age had
not thawed away completely, or at least had so lately thawed that

a richer flora had not had sufficient time to establish itself. Thus
the end of the Great Ice-Age cannot have occurred
more than about 50,000 years ago. It may possibly have
occurred later, but it seems not improbable that the exceptionally

intense insolation which, according to the formula of Stockwell, must
have taken place during the summers of the northern countries

from 50,000 to 46,000 years ago contributed materially to the

melting away of the ice-cap. With regard to this conclusion of

mine, Mr. Harmer remarks 3
:

• It seems to me improbable that the close of the Grlacial Period took place at

so remote a date.'

Thus he considers the 50,000 years as a maximum value, which
is just what I said in the words printed above. On the other

hand, nearly all those Swedish geologists and palaaobotanists who
have carefully studied the Quaternary Epoch in Sweden, believe

that a date of 50,000 years ago is not too remote for the end of

the Glacial Period in that country, and some of their evaluations,.

1 Quart. Journ. Koy. Met. Soc. vol. xxvii (1901) p. 1.

2 Op. cit. p. 45.
3 Quart. Journ. Geol. Soc. vol. lvii (1901) p. 474, footnote 1.
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founded on purely geological and palseobotanical grounds, amount
to 70,000 and even 100,000 years. Thus rny estimate, founded

on astronomical and physical grounds, seems' to give a fairly

average value between the highest and lowest estimates of the

geologists.

To conclude with a general observation on Mr. Harmer's paper,

I cannot but think that he underrates the thermal effect of insolation,

and overrates that of the winds. In order to appreciate the exact

value of every cause, it is necessary to make quantitative calculations

and measurements. If we do this, we find that the effect of inso-

lation during summer far exceeds that of the winds during the

same season. The temperature of the summer only is

essential for the phenomenon of glaciation.

Discussion.

Mr. Harmek thanked the Author for his paper, as being likely to

arouse an interest in the study and discussion of pala?ometeorology.

He still adhered, however, to the opinion which he had expressed, that

the influence of the winds must have been a very important factor in

the determination of climatal zones during the Pleistocene Epoch, as

it undoubtedly is at the present day. If the distribution of pressure

and the consequent direction of the prevalent winds which then

obtained could be ascertained by the joint efforts of geologists and
meteorologists, it would throw much light on the history of the

Glacial Period.

He could not admit that there was the same difference between the

winter-temperature of North America and Western Europe as that

which now exists. At present the winter-isotherm of 32° Fahr. ex-

tends 30° of latitude farther northward in the latter than its southern-

most limit in the former. It is true that the ice-sheets are supposed

to have reached farther to the south in America, but the principal

centre of ice-accumulation in Europe was situated many hundred miles

farther north than that of the Laurentian region. The gathering-

ground of the ice was, moreover, more extensive in the latter case.

Had the mountain-region of Scandinavia extended over France and
the plains of Northern Germany to the Alps and the Pyrenees, the

European ice-sheet would no doubt have assumed much larger pro-

portions. No important ice-centres are recorded in North America
farther south than the latitude of Switzerland, to which the in-

fluence of Glacial cold certainly extended, and there seems no valid

reason for supposing that the winter-climate of New England was
much more severe at the climax of the Ice-Age than that of the last-

named country. If this was so, it seemed in favour of the hypothesis

that the maximum glaciation of the Eastern and Western Hemi-
spheres may not have been contemporaneous. He had shown that

during the winter of 1898-99 excessive cold (reaching —60° Fahr.)

lasted for many weeks in North America, coincidently with an

abnormally mild season in Europe, a maximum temperature of

70° Fahr. being recorded at Liege, 134° above the American
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minimum of the preceding day : and both these phenomena were due
to the existence of strongly marked cyclonic conditions in the Atlantic.

There does not seem anything unreasonable in the idea that under
similar conditions, but of. a more permanent character, such a state

of things might have persisted in Glacial times for a lengthened
period.

The view that there was one period of greatest cold, which
gradually approached and gradually passed away, with local varia-

tions in climate, if it could be established, would remove a great and
at present unexplained geological difficulty. It seemed a priori

improbable that the annual isotherms of the Northern Hemisphere
then coincided more nearly with the parallels of latitude than they
do now.
He suggested that the Author should construct hypothetical

charts, showing what would probably have been the distribution of

pressure and of temperature during the Pleistocene Epoch, on the

theory that the maximum glaciation of North America and of

Europe took place at the same time.

Prof. Sollas remarked that, since Mr. Harmer's contribution to

this subject, the study of Glacial phenomena had been distinguished

by a remarkable advance ; the homology which had been traced

between the extension of the ice in the Old and New Worlds seemed
now to be extended from the Northern into the Southern Hemi-
sphere. Prof. Edgeworth David and his colleagues had confirmed

the observations of Lendenfeld and Stirling in the Kosciusko dis-

trict of the Australian Alps : and Prof. Penck, after analysing the

phenomena as presented in Australia, Tasmania, and New Zealand,

and comparing them with those of Europe, had shown that the

snow-line in the Southern Hemisphere had been brought nearer the

sea-level during the Glacial Period by at least 1000 feet more than

in corresponding parallels of the Northern Hemisphere. But it is

just this difference which distinguishes the height of the snow-line

in these two cases at the present day, and the conclusion is thus

naturally suggested that the Southern and Northern Hemispheres
were simultaneously affected by the conditions of the Glacial Period

and to a like degree. The proved extension of the ice in Kerguelen,

Patagonia, and the Bolivian Andes, as well as over Kenya and
Ruwenzori, was in harmony with this conclusion ; and it would
thus seem that the meteorological conditions to be considered were of

no mere local character, but general and affecting the whole planet.

The incompetence of such geographical changes as seemed likely to

have occurred, to account for a Glacial Period, was clearly shown by
the now established glaciation of the Southern Hemisphere. For,

although the two hemispheres presented an almost perfect contrast

in geological conditions, yet each had passed through a Glacial

climate, which was certainly not less severe in the Southern than in

the Northern Hemisphere. Mr. Dickson had lately shown that a

change in the temperature-gradient from the Equator to the Poles

would bring about a change in meteorological conditions ofjust such a

nature as was required to account either for genial or glacial climates,
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according as the gradient became more or less steeply inclined ; an
increase of the gradient would bring the mean path of cyclones over

a line extending from the English Channel to the Kara Sea, and as

one result of this an excessive precipitation of snow would take

place on the eastern side of Scandinavia. Both the Author and
Mr. Dickson seemed inclined to look for the cause of the change of

gradient in variations of the obliquity of the ecliptic, or in the

composition of the atmosphere. The speaker was inclined to think

that a change in the rate of solar radiation might indirectly

affect the gradient. The methods of Buchan were, by themselves,

inadequate for a complete discussion of the subject, and the general

circulation of the atmosphere, concerning which we are now be-

ginning to attain a clearer understanding, must be taken into

account, as it had been by Mr. Dickson and the Author. The
co-operation of geologists in the Northern and Southern Hemispheres,

and of meteorologists and geologists, was already leading to unex-

pected progress, and it might be hoped that we were now on the eve

of important discoveries.

Mr. A. E. Salter said that he had come to the conclusion, from
his observations in Central -and Eastern England, that the data

upon which ' Ice-Sheets ' and ' Interglacial Periods ' were based

could be better explained in other ways. The phenomena due to.

earth-movements, and those due to chemical and other denuding
agents acting upon the calcareous and soft argillaceous strata of the

Midlands, had not been sufficiently appreciated. The highest point

in Central England (Arbury Hill, above 800 feet O.D.) consisted

of Lias, and it was reasonable to suppose that when younger forma-

tions, up to and including the Chalk, covered that area, the ground
was sufficiently high to affect the climate very considerably.

Dr. Dr Biche Pkellee, remarked that, while the Author had
stated the annual rainfall at altitudes of 2000 metres to be 2 metres,

and in lowlands 0*4 metre, it was a fact that in the Alps, on the

north side, the rainfall of 2 metres was* the average at much lower
altitudes, namely, of 1000 metres, and even in the Swiss lowlands
(Zurich, Bale, etc.) it was 1 metre. On the south side of the Alps
both averages were even higher. Again, the Author's statement
that trees required for their growth a mean temperature of 50° Eahr.
hardly agreed with experience in the Alps, where, for instance in

the Engadin, trees existed in lower average temperatures. These
facts had an important bearing on the conditions under which
glaciation might take place, and hence the data on which the
Author based his conclusions might apply to Scandinavia, but they
could not apply to the Alps.
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5. On the Origin of Certain Concretions in the Lower Coal-

Measures. By Herbert Birtwhistle Stocks, Esq., F.I.C.,

F.C.S. (Communicated by Prof. W. W. Watts, M.A., F.G.S.

Bead November 20th, 1901.)

In certain restricted areas of the Low^r Coal-Measures at Halifax in

Yorkshire and at Oldham in Lancashire, and in a seam of coal

called the ' hard-bed coal,' peculiar nodules or concretions occur.

These concretions, termed locally ' coal-balls,' are disseminated

throughout the coal, not in particular lines but quite indiscri-

minately. They are spherical or ovoid, sometimes slightly flattened,

and externally—by contact with the coal—they have been blackened;

though when broken open they are found to be pale or dark brown
internally, and often streaked with veins of iron-pyrites.

Some years ago I made analyses of two of these concretions,
1 and

the results are tabulated below :

—

Ferrous oxide

Manganoua oxide

Alumina
Lime
Magnesia
Silica

Sulphuric acid

Chlorine
Carbonic acid

Phosphoric acid

Iron-pyrites

Water
Organic matter and undetermined

to be

I. II.

Per eent. Per cent.

321 016
trace —
0-33 trace

3617 46-10
0-88 030
1-16 1-21

015 o-oi

trace —
29-00 35-28

trace trace

21-58 12-16
0-31 3-01

7-21 1-77

il-balls are calculat(

I. II.

Per cent. Per cent.

6-00 0-30

64-41 82-32
1-82 0-61

0-32 003
21-58 1216
0-33 trace
1-16 1-20

0-25 300

Ferrous carbonate

Calcium-carbonate t

Magnesium-carbonate
Calcium-sulphate
Iron-pyrites

Alumina
Silica

Hygroscopic water
Organic matter, etc. undetermined.

The nodules or * coal-balls ' are of great interest, because they

contain extremely well preserved vegetable remains, sections of the

concretions revealing the internal structure of Coal-Measure plants

in a very remarkable manner, and it is from such sections that our

knowledge of the structure of the Carboniferous flora has been

largely increased.

1 Proc. Yorks. Geol. & Polytechn. Soc. n. s. vol. viii (1884) p. 394.
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In many cases it is easy to detach large pieces of fossil wood
from these concretions. Several samples of this fossil wood have

been analysed by me with the following results *
:

—

I. II. III. IV.
Per cent. Per cent. Per cent. Per cent.

Ferrous oxide 0-79 314 O60 1*91

Ferric oxide — 1*60 0*59 277
Alumina 0*01 — — —
Lime 48'32 18*05 49*61 30-49

Magnesia 173 071 1*52 2"96

Sulphuric acid trace 670 0-60 4/32

Carbonic acid not estimated 11-80 39'09 26*80

Silica do. 030 -01 -08

Iron-pyrites do. 48"63 4*75 24*25

Organic matter do. 4*03 3*43 4*79

Water and matter volatilizing

at 110° C do. 4*25 0*25 1-61

99-21 100-45 99-98

The constituents of the samples of fossil wood may be calculated

as follows :

—

I. II. III. IV.
Per cent. Per cent. Per cent. Per cent.

Ferrous carbonate 1*44 577 M2 3*57

Ferric oxide — 1-60 0*59 277
Calcium-carbonate 86-30 23*88 87*01 49-05

Magnesium-carbonate 3*63 1*49 3*19 6*21

Calcium-sulphate not estimated 14*40 1-29 9*28

Silica do. 0*30 0*01 0*80

Iron-pyrites do. 48*63 475 24*25

Organic matter do. 4*03 3*43 479
Hygroscopic water do. 1*37 — —

From the foregoing analyses it is apparent that the fossil wood
and also the concretions themselves are made up very largely of

two constituents—calcium-carbonate and iron-pyrites ; and that

there is great variation in their relative amounts.

Since the first analyses of these concretions were made, it has

been my wish to arrive at some knowledge of their genesis and
mode of formation, and seeing that very little but speculation has
bitherto been accomplished in this department of geology, it was
necessary to perform a large number of experiments, which happily

led to an understanding of the conditions under which such con-

cretions may have been produced.

These experiments will be described in the present paper, but
before they are detailed it will be interesting to recapitulate the

little that geologists have had to say about concretions.

The late E. W. Binney, who devoted much of his leisure to the

preparation and examination of sections of 4 coal-balls,'
2
stated that

1 Proc. Eoy. Soc. Edin. vol. xx (1893) p. 71.
2 Proc. Manch. Lit. & Phil. Soc. vol. v (1865) pp. 61, 62.
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these concretions are always associated with shells in the shale or

roof of the coal, and therefore he attributed their formation to

calcium-carbonate being dissolved away from these shells by per-

colating water, and the precipitation or aggregation of it in certain

centres of the vegetable matter now forming the coal below.

Sir Archibald Geikie 1 says that the concretionary structure

' may be part of the original sedimentation, or may be due to subsequent
segregation from decomposition round a centre.'

David Page 2 observed that concretions are formed by a molecular
aggregation distinct from crystallization.

Dana 3 gives the following details :

—

' Percolating waters, aided by the carbonic or humus acids which such waters
are likely to contain, dissolve the grains- and deposit the material, in a drying
time, around grains, or any small object, as a nucleus. In like manner, con-
cretions of limonite and iron-carbonate are made, if any ferruginous grains

or any decomposable iron-bearing mineral is present. Occasionally other
materials make disseminated concretions.

'The form of the concretion is not owing to any central control of the

molecular disposition, but to the regular progress of the superficial accretion,

and to the rate of supply of the mineral solution in vertical and horizontal

directions, together with the shapes of the nuclei.'

The search that I have made for information upon this subject

has not been further rewarded than by the extracts just quoted.

With reference to the formation of calcium-carbonate, we shall

recollect that this mineral is deposited by several processes which
need not be enumerated, so well known are they ; but it is necessary

to bear in mind that calcium-carbonate in solution in water con-

taining carbonic acid is rarely deposited in a rock, except in caverns

or veins where the carbonic acid can escape. Indeed, it can be

abundantly demonstrated that percolating water has almost in-

variably the opposite tendency, that is, to dissolve the calcium

-

carbonate out of rocks through which it is percolating. As the coal-

b; H are not found in caverns or in veins, percolating water may be
'h... .ssed from any suspicion of being the cause of their formation.

<m, again, we cannot assume that the whole of the vegetation

coi ising this bed of coal was swept down by one flood, and there-

upon covered immediately after by mud containing shells. We must
take it that a bed of coal even only 1 foot thick required an appre-

ciable time to form, and during that interval the plants would be so

badly decayed that the vegetable tissues would be to a large extent

destroyed, or at any rate much deformed. The fossil wood shows

very little evidence of such destruction or deformation ; and it is

far more probable that these concretions were forming upon the

plants as they were deposited in still water, and before any
accumulation of other material upon them had taken place. The
spherical, or nearly spherical, form of these concretions is also, to my
mind, conclusive evidence that they were not produced under the

pressure of superincumbent strata.

» ' Textbook of Geology ' 1st ed. (1882) p. 487.
2

* Textbook of Advanced Geology' 5th ed. (1872) p. 454.
3 'Manual of Geology' 4th ed. (1896) p. 139.
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One or two points may now be taken into account. First, that the

calcium-carbonate was introduced in the state of solution, and by
osmosis passed through the cell-walls, and was deposited within the

cell-walls before their decay. (As a matter of fact, the cell-walls are

still largely organic, as may be seen by treating the material with

hydrochloric acid and examining the residue under the microscope.)

Secondly, that the calcium-carbonate must have been produced in

small quantity and deposited slowly, as shown by the isolation of

the nodules and by their comparative rarity. Thirdly, that certain

conditions were favourable, as the concretions are not found in every

seam of coal.

We have to consider in the first place why calcium-carbonate was
produced in this coal, and also, in the second place, why it separated

out in the spherical form.

Coal appears to have been formed by the slow decay of vegetable

matter either in the delta at a river's mouth or on a sea-shore.

There is no formation being produced at the present day which
exactly represents the conditions that existed in Carboniferous

times ; hence it is difficult to trace out exactly what did take place

so long ago. There is, howrever, sufficient evidence in the Coal-

Measures to show' that coal was produced bjr the decay of a very

luxuriant vegetation upon swampy ground, which at certain periods

was covered by inundations both of brackish and of salt water. The
freedom of the coal-seams from all but the finest mud, shows that

the vegetable matter was clotted together so closely as to exclude

all but the very finest mineral impurities in suspension, w^hile

allowing the free circulation of the water with its matters in

solution. Brackish water being simply diluted sea-water, the salts

in solution would be those present in sea-water.

The late Prof. Dittmar * and others have made numerous exhaustive

analyses of sea-water collected during the Challenger Expedition,

and the following figures represent the average proportion of ' e

different salts :

—

Per cent. J"

Sodium-chloride 77'758 >

r

Magnesium -chloride 10*878

Magnesium-sulphate 4*737

Calcium-sulphate 3*600

Potassium-sulphate 2'465

Magnesium-bromide 0*217

Calcium-carbonate 0*345

100-000

Sea-water contains 3*5 per cent, of total salts, hence the amount
of calcium-carbonate in the sea-water is -012 per cent., and that

of calcium-sulphate '126 per cent. According to T. E. Thorpe &
E. H. Morton, 2 1000 grammes of sea-water contain -04754 gramme
of calcium-carbonate, and -00503 gramme of ferrous carbonate.

Returning to the formation of coal, we may picture to ourselves

1 Challenger Reports: Physics & Chemistry, vol. i (1884) p. 204.
- Journ. Chem. Soc. vol. xxiv (1871) p. 507.

Q. J. G. S. No. 229. e
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the conditions under which it was produced in a delta or on a sea-

shore. Huge forests grew out into the shallow water with roots

in the mud, and a mass of decaying vegetable matter formed a

swamp or morass. It is probable also that a certain amount of

animal matter was present, derived from decaying fish and other

sources : the result would be the solution of some of the organic

matter in the water, and consequent absorption of the oxygen in

solution, so that further decay must have taken place under

anaerobic conditions. That decay can take place under anaerobic

conditions has been abundantly proved by the action of the so-

called ' septic ' tank, which is a part of the modern method of

sewage-treatment. In a closed tank, by the action of anaerobic

organisms, not only are albuminous and other easily decomposable

organic matters destroyed, but such stable materials as paper and

other forms of cellulose are likewise broken down, with the pro-

duction of carbonic acid, hydrogen, and marsh-gas in large quantities,

together with a humus-like substance. These products are the same
as those that accompany coal ; and therefore it is reasonable to

suppose that coal was produced in a similar way, though not so

rapidly, as the conditions were not so favourable.

As practically all natural organic decay is brought about by the

agency of bacteria, coal may be said to have been produced by
bacteria. Whether this assumption be correct or not, it is hardly

to be doubted that bacteria were at work during the Carboniferous

Period, and that they brought about then changes similar to those

effected through their agency at the present time. The magnitude

of these changes has not been fully realized as yet by geologists.

The action of anaerobic organisms is a very peculiar one, and
results in some rather unexpected changes. In sewage, the action

of these bacteria may be' studied very clearly. Two of the almost

constant accompaniments of sewage are a foul smell and a black

mud : the smell is due to sulphuretted hydrogen and volatile

organic matter, and the mud is black, owing to the presence of

ferrous sulphide ; these are produced by anaerobic organisms. Such
organisms are not only to be found in sewage, but they are present

everywhere.

Sir John Murray & Mr. Robert Irvine, in a very interesting

paper on oceanic deposits, give a full account of the blue mud which

exists on all coasts beyond the 100-lathom line, and slate that the

colour of the mud is due to organic matter and ferrous sulphide,

the latter being produced by the destruction of organic matter by

bacteria, and the reduction of the sulphates in the sea-water. 1

The changes which take place are shown in the following equa-

tions :

—

(1) RSO
i+ 2C= 2C0

2
4-RS,

where II is an earthy metal.

(2) RS+2 CO.,+ H„0 = H.,S+ RCO...CO.,.

(3) RS+ RCO:rC02
"+H

2
=2RCO, + H~S.

1 Proc. Roy. Soc. Edin. vol. xvii (1889-90) p. 93, & Challenger Rep. 'Deep-

Sea Deposits' (1891) pp. 254, 255.
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On the sulphuretted hydrogen meeting with the ferric oxide

present in the surface-layer of the blue muds, the following reaction

occurs :
—

(4) Fe2 3
+3Il"

2
S= 2FeS-t-S4-3FE20.

By subsequent pressure these muds may become shales, and at

the same time the ferrous sulphide and sulphur become iron-pyrites,

the other product being calcium- carbon ate. This reaction was
shown not to take place if the material was boiled or sterilized.

The authors just quoted also mention that Prof. Andrussow, after

exploring the Black Sea, found much sulphide of iron and sul-

phuretted hydrogen beyond the 100-fathom line, the muds at greater

depths consisting principally of calcium-carbonate.

M. J. M.. van Bemmelen, in a paper on 'The Composition of the

Acid Soils in Dutch Alluvial Districts," * gives an account of the

changes which take place in clay-soil under the influence of brackish

or sea-water and decomposing vegetable matter. The ground is first

covered with reeds, and saturated with water containing calcium-

sulphate : alter a time air becomes excluded from the soil, when
calcium -sulphate disappears and ferrous sulphide, free sulphur, and
perhaps a trace of ferrous sulphate, replace it ; when air again gains

access the quantity of ferrous sulphate increases, while ferrous

sulphide and sulphur decrease, and after aeration and drainage basic

sulphates are prodn-ced. In the earlier stages of this action we
have a close parallel to the formation of the sulphides in the Coal-

Measures.

I have found several instances of stagnant ponds in which were
lying decayin*g fishes or other animal substances, and the mud
surrounding them was completely blackened on account of the for-

mation of sulphide of iron from the sulphates in the water and the

oxide of iron in the mud.
Bischof 2 placed a mineral water containing iron and sulphates

along with a small quantity of sugar in sealed bottles. After

about 13 months black flocks had separated. After 3| years the

bottles were opened, and smelt of sulphuretted hydrogen. The black

powder had nearly the composition of iron-pyrites. There was very

little sulphate left in the water.

These instances are sufficient to show that anaerobic organisms
are capable of decomposing sulphates, taking the oxygen from them
to oxidize organic matter, and at the same time producing calcium-

carbonate and ferrous sulphide which may ultimately become iron-

pyrites.

I have performed a considerable number of experiments, in

order to arrive at a conclusion as to how the nodules in the

Coal-Measures were formed, and as it would be tedious to enumerate

1 Eecueil des Trav. Chimiques cles Pays-Bas, vol. v (1886) no. 4, p. 199.
2 'Elements of Chemical & Physical Geology' Engl, transh vol. i (1854)

p. 103.



Fig. 1.—Spheres of calcium-sarhonate, produced by slow mixing

of calcium-cMoride and sodium-carbonate in presence of gum-

solution.

[X about 160 diain.]

pig. 2.—Botryoidal groups of calcium-carbonate, produced in

presence of glue.

[X 170 diam.]
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all of them, it will be more convenient to divide them into classes

and discuss the salient points :

—

(1) On the precipitation of calcium-carbonate under varying conditions.

(2) On the action of salts of lime and of iron upon wood, etc.

(3) On the action of bacteria upon solutions containing calcium-sulphate in

solution and ferric oxide in the deposit.

(1) On the Precipitation of Calcium-Carbonate noder
Varying Conditions.

It was found that calcium-carbonate precipitated from pure solu-

tions in the cold by whatever means was almost always crystalline,

the crystals being various forms of calcite ; in a few cases only it

was rlocculent, showing no structure. At the boiling temperature

crystals of aragonite were formed.

When calcium-carbonate was precipitated from solution in presence

of organic matter the results were quite different, and the substance

considerably modified ; in certain cases it was quite nocculent, but

as a rule it separated in dumbbell-shaped crystals, or more or less

perfect spheres, twinned spheres, or botryoidal groupings. Colloids

such as glue, gum, dextrin, and albumen have the most marked
effect, but urine and peaty matter also influence it considerably.

The best results were obtained by the slow mixing of solutions

of calcium-chloride and sodium-carbonate in strong gum-water.
(See figs. 1 & 2, p. 52.)

The first to point out this remarkable fact was Mr. George
Eainey. 1 He used for the purpose of the experiments two solutions

—

one a solution of calcium-chloride in gum-water, the other sodium-

carbonate in the same fluid ; and they were brought into a bottle in

such a way that the one solution floated upon the other without

mixture taking place : by slow diffusion through the liquid, spheres

of calcium-carbonate were produced.

This line of enquiry was also followed by Prof. Harting, of

Utrecht, who used the hollow of a porcelain plate which was filled

up with the colloid solution, and the solids were placed on opposite

sides of the raised portion of the plate just in contact with the solu-

tion. The plate was covered with a sheet of glass, and left for a

few weeks, when the diffusion of the two substances caused the

precipitation of calcium-carbonate in the colloid. Dr. W. M. Old
has extended the experiments in connection with the formation of

urinary and other calculi, which are really concretions of calcium-

carbonate and phosphate, etc. produced in the organic fluids of the

body.

Calcium- carbonate very often separates in perfect spheres from
alkaline urines. 2 Organic matter and especially colloidal substances

1 See Hogg 'On the Microscope' 4th ed. (1859) p. 600; also W. B. Car-

penter ' The Microscope & its Revelations ' 7th ed. (1891) p. 1021.
2 A line photograph of this is reproduced in R. W. Lucas's ' Practical

Pharmacy.'



Pig. 3.

—

Modified crystals of calcium-carbonate, growing upon a

cotton-fibre.

[X about 160 cliam.]

Fig. 4.

—

Nodules of calcium-carbonate, growing upon wood treated

alternately with sodium-carbonate and calcium-chloride solutions.

[X 170 diam.j
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have therefore the property of modifying calcium-carbonate as it is

formed, and converting it into spheroids or rounded crystals. Any
solid substance suspcuded in the liquid during the deposition acts

as n nucleus, and this may be seen in the photograph of a cotton-

fibre upon which nodules of carbonate of lime are forming (fig. 3,

p. 54).

As peaty matter produces a result similar to that obtained with

the colloids, it is fair to assume that the nodules from the Coal-

Measures may have been produced in stagnant water containing

a large quantity of organic matter in solution. But there is reason

to believe that these nodules were the centres of bacterial activity,

and that they grew in a true colloid—the bacterial jelly—which
was attached to portions of the undecayed vegetable matter now
found perfectly preserved in the fossilized condition.

(2) On the Action of Salts of Lime and of Iron upon
Wood, etc.

The experiments on the action of salts of iron and of lime

proved that soluble iron-salts are preservatives, arresting decay in

vegetable matter and even in putrescent animal matter ; whereas
lime-salts did not prevent decay, moulds growing rapidly, and very

soon woody tissues, etc. were destroyed. In no case, however, was
there any approach to fossilization or the deposition of calcium-

carbonate.

AT hen iron-salts and sodium-carbonate were applied many times

alternately, the wood became gradually harder and penetrated by
ferric hydrate. When calcium-salts and sodium-carbonate were
applied many times alternately, the cells became filled with crystal-

line calcium-carbonate, and small nodules were formed on the

exterior (see fig. 4, p. 54).

Though interesting, this experiment reveals nothing as to the

natural process of fossilization, for we know of no such alternations

in. the crust of the 2,-lobe.

(3) On the Action of Bacteria upon Solutions containing-

Calcium-Sulphate, etc.

In the third series of experiments, a solution containing sewage
was mixed with calcium- sulphate solution and left for a few days

;

it quickly became black, and contained an immense number of

bacteria. A solution of calcium-sulphate containing ferric hydrate

in suspension (representing the calcium-sulphate of sea-water and
the iron in the mud) was kept in a closed bottle with both fresh

and decayed woody tissue and some decayed fish : the whole repre-

senting on a small scale the conditions present in local areas during

the formation of coal. After a year, the bottle was opened and
examined. It was quite black throughout, and smelt strongly of



j?\<r. 5.

—

Composite concretion of calcium-carbonate, produced by the

action of reducing bacteria upon calcium-sulphate, growing upon

scalariform vegetable cells.

[X about 38 cliam.]

Fig, (J.

—

Concretion of calcium-carbonate, produced by the action of

bacteria upon calcium-sulphate, growing in the bacterial jelly.

[X about 88 diaiu.]
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sulphuretted hydrogen and decayed organic matter. The animal

matter and a large part of the vegetable matter had disappeared.

Upon the surface of the fluid was a clotted gelatinous mass of

fungi and bacteria in which were disseminated very fine spheres

of calcium-carbonate, and also some of the harder vegetable tissue

thoroughly impregnated or fossilized by the same mineral. The
black material was ferrous sulphide.

This experiment has been repeated several times by me, and I

have found that the action could be started almost immediately by
introducing a small quantity of sewage which contains the reducing

or anaerobic bacteria in large numbers. The blackening was then

noticed after the first three days, and after a few weeks all the

softer vegetable tissues were dissolved out, leaving the harder parts

often with adhering nodules of carbonate of lime. (See fig. 5,

p. 56, showing scalariform cells of carrot with nodules upon them.)

Many spheres and modified crystals were also found embedded in

the bacterial jelly (fig. 6, p. 56) : these show that the centre of

activity is in this jelly, and their rounded form is a direct result

of the medium in which they have been formed, the bacterial jelly

behaving in a similar way to gum, glue, and other colloids.

The solutions tested contained little or no calcium-sulphate after

this action : hence all the calcium-sulphate is converted into calcium-

carbonate if the conditions are favourable.

When sewage was introduced into a nutrient medium containing

calcium-sulphate and ferric hydrate, but without solid vegetable or

animal matter, the same result was obtained, the whole mass
becoming black, owing to the formation of sulphide of iron, in a

few days. But if, after such introduction of sewage, the material

was sterilized by heat no blackening ever took place, and this was
sufficient to show that the changes described above were due entirely

to bacteria.

I have made several endeavours to cultivate these reducing

organisms upon ordinary solid media such as sugar, but so far

without success, and it has therefore not been possible to isolate

and further examine them.

The reactions brought about by these anaerobic organisms are

represented by the following equations :
—

fl) CaSo4+2C=2C02
+CaS.

(2) CaS+CO2
+H.,O= Ca0O

;i
-fH 2

S.

(3) Fe
2(HO) u

+3H
2
S= 2FeS +6H~2 + S.

Many minor reactions, however, appear to take place. In one

experiment a large quantity of crystalline sulphur was found on
the stopper of the bottle where limited oxidation could take place.

This may have been produced as shown in the following equation :

H
2
S+0 =H

2
0+S.

The deposit also contains sulphur, and sometimes radiating needles

very like calcium-oxalate.
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Conclusion.

We may summarize the foregoing particulars shortly as follows:—
Coal was formed in stagnant sea-water by anaerobic decay brought

about by bacteria; the calcium-sulphate in the sea-water was reduced

and ultimately converted into carbonate, which first separated in

the cells of water-logged vegetable matter and then around it,

forming a concretion which grew in the bacterial jelly and hence

acquired its rounded shape. At the same time sulphide of iron

was formed from the iron in the fine mud and became part of

the concretion thus formed, being subsequently converted into iron-

pyrites by pressure or some other agency.
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6. STotes ore the Genus Lichas. By Frederick Richard Cowper

Reed, Esq., M.A., F.G.S. (Read November 20th, 1901.)

I. Introductory Remarks.

Various attempts have been made to separate the species of the

genus Lichas into subgeneric groups; but the results arrived at

have not been altogether satisfactory, and emphasize the difficulty

of deciding as to what are the important structural features which

should determine the classification. The fragmentary state of the

material available has considerably increased the difficulty, for

very few species are known completely ; and in the majority of

cases we have to be content with the evidence of isolated head-shields

and pygidia. For this very reason the system of classification

employed by Barrande 1
is not capable of general application, because

it is based on the characters of the thoracic pleura?. The majority

of European species would (by Barrande's system) fall into his

third group, which contains a heterogeneous mixture of forms

that are only known by their pygidia or head-shields. Apart

from the general rarity of the preservation of those very parts

which Barrande's classification demands, there is a narrowness in

the system which fails to commend it to a palaeontologist who
attaches importance to the combination of structural characters,

rather than to the presence of a single feature irrespective of other

differences. A consequence of Barrande's method is seen in his

Group 1, in which there are species associated together that possess

head-shields showing most fundamental differences.

The basis of a natural and phylogenetic classification of the

Trilobita, as opposed to an artificial one, has been found in the

structural characters of the head-shield ; and the principle lias been
shown to be safely applicable in all the minor subdivisions and
groups, as far down as genera and subgenera.

The variations in the form and lobation of the glabella in the

Lichadidae evidently indicate, as Dr. Beecher 2 has truly remarked,
' differences in the relative development of the appendages and organs of the

head, and therefore are of considerable morphological importance.'

II. Generic and Subgeseric Subdivisions.

• There has been no general agreement among palaeontologists as to

the number of the subgenera. Prof. Zittel
3
in 1885 gave two forms,

Lichas and Terataspis, as of generic value in his family Lichada),

and mentioned Platymetojnis, Boplolichas, and Conolichas as sub-

genera of Lichas, while the following names are enumerated as

synonyms of Lichas :

—

Platynotus, Arges, Metopias, Archinurus [sic],

1
' Syst. Sil. Boh.' vol. i (1852) p. 595.

2 Amer. Journ. Sci. ser. 4, vol. iii (1897) p. 197.
3 'Handbuch der Palaontologie ' vol. ii (1885) pp. 623, 624.
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Nuttaiaa [sicj, Corydocephalns, Dicranopeltis, Acanthopyge, and
Dicranogmus.

In the same year M. Schmidt 1 recognized the following groups

among the Ordovician species of Lichas in the Baltic Provinces of

Kussia :

—

Arges, Leiolichas, Platymetopus, Metopias, Boplolichas,

Conoliehas, Homolichas, Oncholichas, and a miscellaneous group.

Dr. Beecher 2
in 1897 quoted the following genera and subgenera

as belonging to the family Liehadida? :

—

Lichas, Arctinurus, Arges,

Ceratolichas, Conoliehas, Dicranogmvs, Homolichas, Hoplolichas,.

Leiolichas, Metopias, Oncholichas, Platymetopus, Terataspis, Troch-

urus, and Uralichas.

In Beechers chapter on trilobites in the English edition (1900)
of ZitteFs 'Text-book of Palaeontology ' (vol. i, p. 632), Lichas

alone is given as the type-genus of the family Lichadidac, with the

following subgenera:

—

Arges, Dicranogrniis, Conoliehas, and Cerato-

llchas.

[Lastly, Dr. Giirich 3 has recently published his views on the sub-

divisions of Lichas, and has recognized the following subgenera :

—

Metopolichas { = Metopias), Platglichas, Platopolichas, Leoilichas,.

Homolichas, Hoplolichas, Conoliehas, Platymetopus, Trachylichas,

Pterolichas, Oncholichas, Echinolichas, Ceratoliclias, Hemiarges,.

j
y
ltisi<irg<-.<, Euarges, Liparges, Ceratarges, and Crasjied arges. ]

III. Histoeical Summary of the Nomenclature.

Acaxtiiopyge, Ccrda, 1847 ('Prodr. Bdhm. Trilob.' p. 144 & pi. i, figs. 5-7)..

Type, A. Letichtenbergii, Corda,=Lichas Haueri, Barraride, 1840 ('Not.

Prelim. Syst. Silur.' p. 73). [Dr. Giirich (Neues. Jahrb. Beilage-Band
\iv, 1901, p. 527) proposes the subgeneric name Euarges tor this type.]

The young of this species Corda included in his genus Dicranopeltis as

D. parva {'Prodr. Boh no. Trilob.' p. 143).—The name Acanthopyga was
used by J. E. Gray in 1838 (Ann. Nat. Hist. vol. i, p. 278) for a genus of

Lacertilia.

Arctinurus, Castelnau, 1843 ('Essai Syst. Silur. Amer. septentr.' p. 21 & pi. iii,

fig. 2). Type, L. Boltoni (Bigsby) 1825 (Parad'oxides Bottom). Conrad in

183S (Be)>. Geol. Surv. N.Y. pp. 1 13, 118) had proposed the name Platynotus

for the same species. Schmidt in 1885 (' Bev. Ostbalt. Silur. Trilob.'

pt. ii, p. 31) chose this species as the type of a new group which he termed
Oncholichas. but the Bussian species which he associated with it differ in>

some important particulars (tee p. 7G) from the type.

Arges, Goldfuss, 1839 (Nova Acta Acad. Caes. Leop. -Carol, vol. xix, pt. i, p, 355
& pi. xxxiii. figs. I a-c). Type. A. armatus, Goldfuss, 1839.—The name
Arges had, however, previously been given in 1835 by De Haan (

: Faun.

Jap.' vol. v, p. 21) to a subgenus of Brachyura, and cannot therefore be

used for a trilobite. ,

[Ceratarges, Giirich, 1901 (Neues Jahrb. Beilage-Band xiv, p. 531). Type,

Arges armatus, Goldf.]

i 'Rev. Ostbalt. Silur. Trilob.' pt. ii, Mem. Acad. Imp. Sci. St. Betersb.

vol. xxxiii. no. 1 (1885) pp. 27-40.
- Amer. Journ. Sci. ser. 4, vol. iii (1897) p. 190.
1 Neues Jahrb. Beilage-Band xiv

(.1901) p. 519. [It has been impossible for

me to do full justice to GiiriclVs article, as it only reached me to-day, after the-

proofs of the present paper had been received.

—

December 18th, 1901.1
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Cebatolichas, Hall & Clarke, 18S8 (Pal. N.Y. vol. vii, p. 84 & pi. xix b, figs. 7-13).

Type, C. gryps, Hall, 1888.

Coxoliciias, Dames, 1877 (Zeitschr. Deutseb. Geol. Gresellsch. vol. xxix, p. 8U6

& pi. xiii. fig. 5). Type, C. cequiloba (Steinhardt) 1874 (' Die in preuss.

Geschieb. gefund. Trilob.
r

p. 30 & pi. iii, fig. 6).

€okydocepiiaeus, Corda, 1847 (' Prodr. Bohm. Trilob.' p. 139 & pi. vii, fig. 74).

Type, C. flabellatus, Corda = Lichas palmata, Earrande, 184C) (' Not.

Prelim. Syst. Silur.' p. 54)= Trochurus speciosus, Beyricb, 1845 pars

(pygidium, not bead), ' Ueb. Bohm. Trilob.' p. 31, fig. 14, and Barr. 'Syst.

Sil. Bob.' vol. i, p. 599. [Owing to the uncertainty attaching to Corda's

types. Dr. Gurich (Neues Jahrb. Beilage-Band xiv, 1901, p. 526) would sub-

stitute the name Plusiarges for Corydocephalus, type PL palmatus (Barr.).]

[Cryspedarges, Gurich, 1901 (Neues Jahrb. Beilage-Band xiv, p. 532 & pi. xviii,

fig. 1). Type, Cr. Wileannice, Gurich.

J

Dicranogmus, Corda, 1847 ('Prodr. Bohm. Trilob.' p. 145 & pi. vii, fig. 77).

Type, JD.pustulatus, Corda= L. (!) simplex, Barrande, 1846 ('Not. Prelim.

Syst. Silur.' p. 55). Hall (Pal. N.Y. 1888, vol. vii, p. 86) proposed to

revive Corda's name for subgeneric use. [Dr. Giirieh (Neues Jahrb. Beilage-

Band xiv, 1901, pp. 528-29) would substitute the name Liparges for Corda's

Dicranogmus.]

Dicraxopeltis, Corda, 1847 ('Prodr. Bohm. Trilob.' p. 141 & pi. vii, fig. 75).

Type, D. scabra, Beyricb, 1845 {Lichas scabra, ' Ueb. Bohm. Trilob.' p. 28
& fig. 16). [Dr. Gurich (Neues Jahrb. Beilage-Band xiv, 1901, p. 525)
proposes the name Trachylichas in place of Corda's Dicranopeltis.~]

[EcuixoLicriAS, Gurich, 1901 (Neues Jahrb. Beilage-Band xiv, p. 530). Type,

Z. Eriopis, Hall (Pal. N.Y. 1888, vol. vii, p. 78 & pi. xix a, figs. 2-13,

15, 16).

[Euarges. Giirieh, 1901 (op. cit. p. 527)= Acanthopyge, Corda. Type, L. Haueri,

Barr.']

[Hemiarges, Giirieh, 1901 (pp. cit. p. 526). Type, L. wesenbergensis, Schmidt
(' Eev. Ostbalt, Silur. Trilob.' pt, ii, 1885, p. 44 & pi. vi, figs. 1-4).]

Homolichas, Schmidt, 1885 (op. cit. pp. 31, 94). Type, L. depresses, Angelin
1854 (' Paheont. Scand.' p. 70 & pi. xxxvi, figs. 4, 4 a).*

Hoi'Lolichas, Dames, 1877 (Zeitschr. Deutsch. Geol. Gesellsch. vol. xxix, p. 794,

pi. xii, figs. 1-3, & pi. xiii, fig. 1). Type, H. tricuspklata (Beyricb) 1846
(Lichas tricuspidata, ' Untersuch. iib. Trilob.' p. 7 & pi. i, fig 7 head.)

Leiolichas, Schmidt, 1885 ('Eev. Ostbalt. Silur. Trilob.' Mem. Acad. Imp. Sci.

St. Petersb. vol. xxxiii, no. 1, pp. 29-30, 46 & pi. iii, figs. 27-31). Type,
L. illcnnmdes (Nieszkowski) 1857 ('Mon. Trilob. Ostseeprov.' Archiv f.

Naturk. Liv-, Ehst-Kurlands, ser. 1, vol. i, p. 622 & pi. iii, figs. 3-5).

Lichas, Dalman, 1826 (' Ueber die Palaaden ' 1828, pp. 53, 71, 72 & pi. vi,

fig. 1). Type, L. laciniatus (Wahlenberg) 1821 (Nov. Acta Soc. Eeg. Sci.

Epsala, vol. viii, p. 34 & pi. ii, fig. 2. Entomostracites laciniatus).

[Liparges, Gurich, 1901 (Neues Jahrb. Beilage-Band xiv, pp. 528-29 ) = l)i-

cranoyyiius, Corda. Type
;
L. simplex (Barr.).]

Metopias, Eichwald, 1842 (' Urw. Eussl.' pt. ii, p. 60 & pi. iii). Type,
M. Hubneri, Eichwald (op. cit. p. 62 & pi. iii, figs. 21, 22). Owing,
however, to the application of the name Metopias to a genus of Coleoptera
in 1832 by Gory (Guerin's Mag. Zool. vol. ii, pi. 42), it has to be relin-

qiaished here. [I Jr. Giirieh (Neues Jahrb. Beilage-Band xiv, 1901. p 521)
proposes the name Metopolichas for this subgenus.]
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[Metopolichas, Giirich, 1901 (Neues Jahrb. Beilage-Band xiv, p. 521)= Mcto-
pias, Eichwald. Type, M. Hilbneri, Eichwald.J

Nuttainia, Eaton, 1832 (' Geol. Textbook' 2nd ed. pp. 33. 34). The name
was applied by Eaton to two specimens of trilobites which are now assigned

to the genera Trinucleus and Homalonotus respectively, and therefore it

falls to the ground. Portlock, however, in 1843 (' Rep. Geol. Londond.'

p. 274, pi. iv, fig. 1 & pi. v, figs. 1-3) revived it as a generic designation for

the species Lichas hibernicus (Portlock). M. Schmidt (1885, ' Rev. Ostbalt.

Silur. Trilob.' pt. ii, p. 29) places this species, as represented by the head-

shield, in the group Platymetopus, to which it undoubtedly belongs. The
pygidium which is generally attributed to this species is believed by

M. Schmidt to belong to another group or subgenus.

Oncholichas, Schmidt, 1885 ('Rev. Ostbalt. Silur. Trilob,' pt. ii, Mem. Acad.
Imp. Sci. St. Petersb. vol. xxxiii, no. 1, p. 31). The type-species chosen by

M. Schmidt unfortunately is L. Boltoni (Bigsby), which had previously been

selected as the type of Arctinurus by Castelnau in 1843 and of Platynotus

by Conrad in 1838. This species, moreover, does not possess the glabellar

characters' of the Russian species which M. Schmidt associates with it, and
therefore the t}rpe of Oncholichas must be considered to be the species

L. ornatus, Angelin, 1854 (' Pal. Scand.' p. 72 & pi. xxxvii, figs. 7, 7a),

which Schmidt takes as the second and European example of the group.

[Platopoljchas, Griirieh, 1901 (Xeues Jahrb. Beilage-Band xiv, p. 522). Type,
L. avus, Barr. ('Syst. Sil. Boh.' Suppl. vol. i, pp. 12-19 & pi. x).]

|
Platyliciias, Griirieh, 1901(op. cit. p. 522). Type, Fl.margaritifera(~Nieszkowski)

in ' Mon. Trilob. Ostseeprov.' Arohivf. Naturk. Liv-, Ehst-Ivurlands, ser. 1,

vol. i (1857) ]). ~>l'>S <fc pi. i, fig. 15.]

Platymetopus, Angelin, 1854 ('Pal. Scand.' p. 73 & pi. xxxviii, fig. 3). Type,
VI. planifrons, Angelin (pars). M. Schmidt ('Rev. Ostbalt. Silur. Trilob.'

pt. ii. 1885, pp. 28-29) considers PI. lineatus, Angelin ('Pal. Scand.' p. 75
& \\\. xxxviii, tig. 12 head-shield, non fig. 13 pygidium), to be the type,

because /'/. planifrons has been shown to be a composite type, the pygidium
(fig. 3) being closely allied to that of L. (Dicranopeltis) scaber, Beyrich,

while the hypostome alone (fig. 3 a) belongs to the group of which
PI, lineatus (fig. 12. head-shield) is a member. [Dr. Griirieh (Neues Jahrb.

Beilage-Bancl xiv, 1901, p. 524) takes PI. Holmi, Schmidt ('Rev. Ostbalt. ,

Silur. Trilob.' pt. ii, 1885, p. 548 & pi. vi, fi-s. 14-17) as the type.] -The
name Platymetopus, however, must be abandoned for this group, since it

was given previously in 1829 by Dejean to a genus of insects ('Spec. gen.

Coleopt.' vol. v, p. 815).

Platynotus, Conrad, 1838 (Rep. Geol. Surv. N.Y. pp. 113, 118). Type, PA
Boltoni (Bigsby).—The name Platynotus was employed by J. C. Eabricius

in 1801 for a genus of Coleoptera ('Syst. Eleutberat.' vol. i, p. 138), and
must therefore be discarded for a group of trilobites.

[Pldsiaeges, Griirieh, 1901 (Neues Jahrb. Beilage-Band xiv, p. 526)= Corydo-

cephalus, Corda. Type, L. palmata, Barr.]

[Pterolicmas, Giirich, 1901 (op. cit. p. 528)= Arctinurus, Castelnau. Type,

L. Boltoni (Bigsby).]

TEitATAsns, Hall, 1863 (16th Ann. Rep. N.Y. State Cab. Nat. Hist. p. 223).

Type, T. grandis (Hall) 1861 ('Descrip. New Species of Fossils, etc.' 15th

Aim. Rep. N.Y. State Cab. Nat. Hist. p. 82). [For figures, see Hall &
Clarke, Pal. N.Y. vol. vii, p. 73 & pis. xvii-xix.]

[Trachyliciias, Giirich, 1901 (Neues Jahrb. Beilage-Band xiv, p. 52o)= Di-

cranopeltis, Corda. Type, L. scubra, Beyrich.]
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Trociiurus, Beyrich, 1845 (' Ueb. Bohm. Trilob.' p. 31). This name was
originally applied to a composite and artificial species consisting of the

head of Staurocephalus Murchisoni and the pygidium of Lichees. This

heterodox species was called Tr. speciosus, Beyrich (Joe. cit.). Bnt in

1846 Beyrich recognized his error (' Untersuch. lib. Trilob.' pi 10) and
declared that the genus did not exist. It seems therefore desirable to drop
the name altogether ; but Lindstrom has recently (Ofv. K. Svensk. Vet.-

Akad. Forhandl. 1885, No. 6, p. 60 ; and ' List Foss. Up. Silur. Gotland

'

1885, p. 3) revived it in a wider and slightly different sense, giving L. Salteri,

Fletcher and L. Bucldandi, M.-Edw. (—L. anglicus, Beyr.) as examples.

Uralichas, Delgado, 1832 (Coram, d. Trab. Geol. Portugal, ' Fauna Silurica

de Portugal' p. 5). Type, U. Bibeiroi, Delgado, 1892.

The palseontological value of the above groups as subgenera or

genera is examined in a later portion of this paper; but it may
here be remarked that several well-known and more or less widely

accepted names must be dropped, because of their pre-occupation or

for other reasons given above. Such are Arges, Metopias, Nuttainia,

Platymetopus, Platynotus, and Trociiurus. The advisability of

substituting new names in the place of those chosen by Corda is

open to question, since Barrande revised Corda's species, and the

change might lead to confusion.

The characters of the original type-species on which each group

was founded have so frequently been lost sight of in assigning other

or subsequently discovered species to a subgenus or genus, that it is

well fco give a list of these type-forms for reference in all cases.

As an example of the expansive interpretation of the characters of

a group and the gradual enlargement of its boundaries so as to

include very diverse species, the group Arges may be mentioned,

of which the original species is Arges armatus, Goldfuss, 1 with

highly specialized characters which are found in scarcely any of the

other forms commonly attributed to this subgenus.

The following is a list of the type-species, the old subgeneric

names (excluding only synonyms) being retained for the present:—
Acanthopyge Haucri (Barrande). Homolichas depressus (Angel in).

Arcti/iurus Bolloni (Bigsby), Hoplolichas tricuspidatus (Beyrich).

Arges armatus, Goldfuss. Leiolichas illcenoides (NieszkowskiJ.
Ceratolichas gryps, Hall.

; Lichas laciniatus (Wahlenberg).
ConoHchas (squiloba (Steinhardt). Metopias Hiibneri, Eichwald.
Coryotocephalus palmatus (Barrande). Oncholichas omatus (Angelin).

C'raspcdarges Wilcannice, Giirich. Platopolichas avus (Barr.).

Dicranogmus simplex (Barrande). Tlatylkhas margaritifer (Nieszk.).

Dicranopeltis scabra (Beyrich). Platymetopus lineatus, Angelin.
Echinolichas Eriopis (Hall). Terafaspis grand is, Hall.

Hemiarges wesenbergensis (Schmidt). Uralichas Bibeiroi, Delgado.

The references to the original and most important descriptions of

the above species have already been given.

1
IS ova Acta Acad. Cses. Leop.-Carol. vol. xix, pt. i (1839) p. 355 & pi. xxxiii,

figs. 1 a, lb, \c (non 1 d, 1 e).
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IV. The Steecthee of the Heae-Shiele.

Homology of the Lobes and Furrows of the Glabella.

It is doubtful whether the commonly-accepted nomenclature of

the parts of the glabella in Lichas is based on a true conception

of their homologous parts in other trilobites. It is essential to look

into this question, in order to obtain a clear view of their morpho-
logical equivalents before proceeding to attempt a natural grouping

of the members of the family.

In the first place, the disproportionate size of the so-called 'first'

lateral lobes of the glabella is remarkable. The occasional presence

of a more or less distinct furrow across these lobes, or of a notch on

their inner side in various non-allied species. L. Pahleni, L. ornatus,

L. goilandicus, L. scutalis, etc., representing several of the above-

mentioned subgenera or genera, suggests that these so-called ' first

'

lobes are in reality of a composite nature and consist of two fused

lateral lobes. According to this hypothesis, the so-called ' second '

lateral furrow is homologous with what is termed the ' third

'

lateral furrow of other less-modified genera, and the so-called

'second' lateral lobes correspond to the 'third' lateral lobes.

On this hypothesis the segmentation of the glabella of Lichas

is brought into correspondence with that of other trilobites.

Dr. Beecher l has arrived at the conclusion that the trilobite-head

consists of several fused somites, of which the first or anterior

segment is represented by the hypostome
;
the second by the paired

eyes, free cheeks, and epistome ; the third by the anterior lobe of

the glabella and first antenna) or antennules ; the fourth by the

second lobe of the glabella and the second pair of antennas; the

fifth by the third lobe of the glabella and the mandibles ; the sixth

by the fourth lobe of the glabella and the first maxillae; and the

seventh by the neck-lobe (= occipital lobe or ring) and the second

pair of maxilla?.

• The five annulations, or lobes, of the axis of the cranidium [= head-shield
J

since they primarily carry fulcra fur the attachment of muscles supporting or

moving the appendages, could thus be interpreted in terms of the veutral

structure, making the first lobe the antermulary. the second the antennary, the

third the mandibular, the fourth the first maxillary, and the fifth the second

maxillary.' [Beecher, loc. cit.~\

Following Beeeher's scheme, we must regard the anterior lateral

portions of the so-called median or frontal lobe of the glabella in

Lichas as corresponding to the antennulary or true first lobe of the

glabella. The so-called ' first ' lateral lobes of Lichas would
correspond to the fused antennary and mandibular lobes, the true

second and third lobes of the glabella. The lateral lobes which

are usually termed the ' middle' or ' second' lateral lobes become
homologous with the fourth or first maxillary; and the neck- or

1 Ainer. Journ. Sci. ser. 4, vol. iii (1897) pp. 93-97 ; see also Bernard,

Quart. Journ. Geol. Sec. vol. li (1895) p. 352.
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occipital lobe or ring falls into its right place as the second maxillary

lobe.

But the objection may reasonably be urged that this correlation

leaves out of account the so-called ' basal ' lobes which are found

in many members of the LichadidaB. Their presence, however,

does not upset the above conclusions, because there is considerable

evidence that these ' basal ' lobes are genetically of the nature of

occipital lobes, and belong to the occipital or second maxillary

segment of the cranidium. They have usually been regarded as

belonging to the glabella, and as true third lateral or basal lobes ;

but, if this be the case, it is difficult to see the cause of the peculiar

course of the occipital furrow in the majority of those species

which possess them. The course of this furrow closely resembles

that of the same furrow in the species of Proetus, Cyphaspis, etc.,

which possess unquestioned occipital lobes that have been cut

out of the sides of the neck-ring by the formation of new oblique

furrows. The regular course of the occipital furrow, in those species

of Lichas which do not possess these lobes, is with difficulty

explicable on the supposition that they are true 'third lateral'

glabellar lobes. The narrowness of the neck-ring behind these

lobes and its much greater width in the centre, the bending-forward

of the lateral portions of the occipital furrow in front of them, and
the non-continuation of this furrow into that which marks off the

occipital segment on the cheeks, find their counterpart in species of

Proetus (as, for example, Pr. bohemicus, Cord.) in which occipital

lobes occur.

The simplest and least modified condition of the neck-ring, in

which it is very plain that these so-called ' basal ' lobes really

belong to the occipital segment and have been cut out of it, is found

in those members of the LichadidaB in which the median portion

of the occipital furrow and the so-called ' third lateral ' or < basal

'

furrows are in the same straight line and make practically one
simple transverse furrow (as, for example, Lichas verrucosus, Hoplo-
lichas tricuspidatus, etc. ). In many species (Platylichas marga ritifer,

Lichas St.-Matthice, L. triconicus, L. furcifer, etc.) the idea of

regarding these lobes as belonging to the glabella would never

have arisen, if the more highly modified examples of them in other

species had not been at first so interpreted. In the case of Proetus

there are some species that possess occipital lobes, and others that

do not ; while in other respects these species may be closely allied.

We may, therefore, not unreasonably be prepared to find similar

instances in the LichadidaB.

With the foregoing principles of homology in our mind, we
may now attempt to discover the principal lines of modification

along which the evolution of the head-shields of the LichadidaB has

proceeded.

The archetype of the family may be conceived as having a

glabella with the normal five annulations, as in other trilobites.

There must have been, therefore, four pairs of lateral lobes and a

Q..J.G.S. No. 229. t
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neck-segment, and three pairs of lateral furrows and a neck-furrow.

From this archetype all the members of the family may be derived,

by various classes and degrees of modification proceeding along two
main lines.

I.—At a very early period in the initiation of the family, the first

pair of lateral furrows was prolonged backward, in a curved manner,
so as to meet the second pair of lateral furrows l at nearly a right-

angle. Of this stage there has been so far no representative

discovered, and we may probably regard it as never having been of a

sufficiently lasting or permanent character to have left represen-

tatives behind, or to have formed the starting-point of a side-branch

of the family. Owing to acceleration in the early stages of the

ontogeny, this stage has not been found in young forms. The
backward growth of the first lateral furrows seems in fact to

have continued without cessation, till the third pair of lateral

furrows was met ; and on attaining this level a definite point

in the phylogeny appears to have been reached, so that from this

stage important offshoots developed. The growth of the first

lateral furrows backward was here checked, at least for a time,

until a strong and numerous group of forms arose possessing the

essential features of this stage. The union of the first and third

lateral furrows was complete
;
and thus there resulted, with the

help of the axial furrow, the enclosure of the second and third

lateral lobes of the glabella.

The second lateral furrows had meanwhile almost or completely

disappeared, and now but faint and rare traces of their presence are

found, as before mentioned. The second and third lobes thus became
completely merged into one lobe on each side, and compose what is

commonly termed the 'first' lateral lobes of the glabella. These

lobes are thus seen to be bi-composite, and the occasional vestigial

or reversionary occurrence of the second lateral furrows and the

outward kink in the course of the prolonged first lateral furrows

remind us of this fact.

There are various subsidiary or secondary modifications at this

stage.

1. The Furrows.

—

(a) The anterior portions of the first lateral

furrows may become very faint or disappear (as, for example, in

Dicranogmus simplex).

(b) The third lateral furrows may become weak or obsolete, so that

the bi-composite lateral lobes are ill-defined posteriorly. This is

a very common modification, and the extent to which it takes

place varies even in the same species (as, for example, in Lichas

cetorrhin). The outwardly-bent termination of the first furrow

usually ends in a deep pit, when the third furrow is relatively weak
or absent. Examples are Liclias laciniatus, Metopias Hubneri, and

1 The new nomenclature of the furrows and lobes, as above explained, is

employed from this point onward in the present paper.
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Uralichas Riheiroi. As one result, the fourth lateral lobes (the so-

called second or middle) are more or less poorly defined.

(c) The axial furrows may become obsolete posteriorly, and the

posterior portion of the glabella comprising the fourth or first

maxillary segment becomes fused with the fixed cheeks. The early

stages are represented by a weakening of the posterior part of the

axial furrows (as, for example, in Lichas scutalis, Hemiarges ivesen-

bergensis, and Arges armatus) ; and the final stage by their complete

disappearance behind the third lateral furrows (as, for example, in

Aeanthopyge Haueri, Dicranogmus simplex, Platylichas margaritifer,

and Lichas anglicus).

(d) The first lateral furrows may become connected with the

occipital furrow by an additional furrow (as, for example, in Lichas

conicotubercidatus, Platylichas margaritifer, and Lichas ambiguus).

This modification foreshadows the second great stage in the deve-

lopment of the glabella of the Lichadidse, but seems not to be in

the direct line of descent. In Dicranopeltis scabra the first lateral

furrows are directly continued back to the occipital furrow.

(e) A transverse furrow may be formed across the base of the

median lobe, thus connecting the third lateral furrows (as, for

example, in Lichas anglicus, Aeanthopyge Haueri, Coryotocephalus
palmatus, and Dicranopeltis scabra).

2. The Lobes.—With regard to the lobes, there are several

modifications more or less dependent on those of the furrows just

described. Thus :

—

(i) The bi-composite lateral lobes may become undefined anteriorly

or posteriorly by modifications (a) or (6) of the furrows.

(ii) The fourth lateral lobes may become undefined or weakly
marked off in front by modification (6) : or may become laterally

confluent with the fixed cheeks by modification (c) ; or may become
marked off from the middle portion of the glabella by modification

(d); or may unite to form a continuous ring by modification (e)

without (d).

(ili) The anterior part of the median lobe may become swollen,

as in Lichas celorrhin.

The development of occipital lobes at this stage may, or may not,

take place ; and in otherwise closely allied species this difference

may be noticeable. In Aeanthopyge Haueri, Lichas anglicus, etc.

they are absent; but in Dicranogmus simplex they are present.

On the other hand, species which show considerable differences in

respect to the glabellar furrows may agree in possessing them, as,

for example, Platylichas margaritifer and Dicranogmus simplex.

In most members, however, of this stage exhibiting the bi-

composite lateral lobes of the glabella, occipital lobes are present,

as, for instance, Metopias Hubneri, Corydocephalus palmatus, Dicra-

nogmus simplex, Dicranopeltis scabra, Lichas laciniatus, and Ura-
lichas Ribeiroi. In a few cases, as in Arctinurus Boltoni, they are

obsolescent. The shape and relative size of these occipital lobes vary

f2
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slightly ; in some cases they are small and obviously cut out of the

neck-rirjg(as in Lichas verrucosus) ; in others they are comparatively

large and triaDgular (as in L. pachyrhina) and have encroached

upon the glabella.

It is possible that in some cases in which occipital lobes are now
absent, they may have disappeared owing to a secondary fusion with
the fourth lateral lobes. This may have happened in Lichas avglims,

L. hirsutus, Acanthopyge Haueri, etc., and may be regarded as

another mark of the wide departure from the ancestral type which
these and allied species have made.

Spinose processes, generally paired, may be developed on the

glabella, as, for example, in Arges armatus.

There are a few species in which the bi-composite lateral lobes

appear to extend for practically the whole length of the glabella;

and the cause appears to be that the fourth lateral lobes have been
squeezed out and obliterated by a shortening and condensation of

the head-shield at their expense. Such are the species Oncholichas

ornatus and Lichas goilandicus, in which the single pair of lateral

lobes appears not to be due to an incorporation and fusion of the

fourth lateral lobes with the bi-composite pair, or to a prolongation

backward of the first lateral furrows to the occipital furrow. The
traces of the second lateral furrows across these lobes are fairly

distinct. We shall see that the pygidial characters of these species

support the conclusion that they belong to this first stage, and not

to the second one which is now to be described.

II.—The second stage in the evolution of the glabella is marked
by the first lateral furrows not ending their backward prolongation at

the third lateral furrows, but continuing to the occipital furrow in

a regular course which may be almost straight or concave outward.

A single long median lobe to the glabella is thus formed, extending

from its anterior end to the neck-ring, and it is bounded on each

side by a single long lateral lobe composed of the fused second,

third, and fourth lateral lobes. The presence of this pair of tri-

composite lobes is the distinguishing feature of this second stage.

The intermediate or transitional condition between the first and
second stages is indicated in a few species (such as Hoplolichas tri-

cuspidatus, Lichas conicotuberculatus), in which there is a slight

deflexion in the course of the first lateral furrows opposite the third

lateral furrows, and behind the latter they are less deeply impressed.

The occasional persistence of the third lateral furrows across the

single tri-composite lateral lobes indicates also a transitional state,

but it is doubtful whether we possess any examples on the direct line

of descent of the second from the first stage, and it is possible that

the second line of modification proceeded parallel to the first from
a common stock. In the most completely developed members of

this stage the course of the first lateral furrows is a regular curve

or continuous straight line of uniform strength, and the third lateral

furrows have completely disappeared (as in Lichas hibernicus).
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There are various subsidiary modifications.

1. The Eur rows.

—

(a) The posterior part of the first lateral

furrows may become weak (as, for example, in Lichas Icevis and

Leioliclias illcenoides).

(b) Traces of the third lateral furrows may persist, as above-

mentioned. This is not a secondary modification, but rather the

persistence of a primitive character.

(c) The axial furrows may become partially or completely

obsolete (as in Ceratolichas gryps and Terataspis grandis).

2. The Lobes.—(i) The tri-composite lobes maybe incompletely

defined on their inner side by modification (a) of the furrows;

(ii) the regular convexity of their surface may be interrupted by
modification (b)

;

(iii) by modification (c) they may lose their separate existence

by fusion with the fixed cheeks (as in Ceratolichas gryps).

(iv) The anterior portion of the median lobe may become swollen

into a conical protuberance {Conolichas), and the posterior part may
become depressed and constricted {Terataspis).

The development of occipital lobes is usual at this stage, and

they are always present in the groups Homolichas, Hoplolichas,

Conolichas, and Leioliclias, as defined by M. Schmidt : of which
the type-species are Homoliclias depressus, Hoploliclias tricuspidatas,

Conolichas cequiloba, and Leioliclias illcenoides. In Platymetopus

lineatus and the other allied species {Lichas hibernicus, L. Holmi,

etc.) they are absent, and the first lateral furrows meet the occipital

furrow at right-angles.

These occipital lobes, as at the first stage, vary somewhat in size

and shape. They may be relatively large and subtriangular (as in

the transitional form Lichas furcifer), or they may be small and
nodular (as in L. Eichwaldi and Conolichas cequiloba), or nearly

obsolete (as in Ceratolichas gryps).

Modifications of the neck-ring and the development on it of spines

or processes are seen in Hoploliclias and Terataspis. Spines, often

of great length, are found on the lobes of the glabella in these two
groups and in Ceratolichas. The spinosity of the highly modified

and aberrant forms, Terataspis and Ceratolichas. belonging to this

stage, is comparable to that which exists in Arges armatus [and to

a less extent in Craspeclarges Wilcannice] of the first stage.

Dr. Beecher 1 has pointed out that spinose forms must be regarded

as derived phylogenetically from non-spinose ancestors, and that

spinosity represents a limit to morphological and physiological

variation. Evidence also proves that highly spinose organisms are

the end-terms of lines of evolution, and leave no descendants. The
extreme divergence of these members of the Lichadidae from the

normal types and their late geological appearance, just before

the extinction of the family, support these conclusions.

1 Aiuer. Journ. Sci. ser. 4, vol. vi (1898) p. 356.
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V. Classification of the LiCHADiDiE.

From the foregoing considerations we see that, on the evidence of

the head-shield and lobation of the glabella, the members of the

Lichadidae fall into two great groups corresponding to the two stages

above desciibed. There is (1) the group with a pair of bi-composite

lateral lobes to the glabella, and a more or less definite fourth pair

of lateral lobes ; and (2) a group with a pair of tri-composite

lateral lobes, originating by the fusion of the fourth pair with the

bi-composite pair of the preceding group.

The types of the subgenera or genera previously given are

distributed as follows between these two groups, in so far as their

cranidial characters are concerned :

—

Geotjf I.

Acanthopi/gc Haueri.

Arctinurus Bolton i.

Arges a rmat us.

Corydocepkalus palmat us.

Craspedaryes )\ 'ilea nn ice.

Hemiarges wesenbergensis

Lichas lachiiatus.

Metopias Hiibneri.

Oncholichas omatus.

Platopolichas aims.

Dicranogmus simplex. Platylichas onargaritijer.

Dicrauopcltis scabra. I
UraJiclias Ribeiroi.

Group II.

CeratoUchas grj/ps.

Conolichas cequiloba.

Ech inoluhas Eriopis.

Hornolichas depressus.

Hoploliehas trieuspidatus.

Leioliehas illcenoides.

PIatgmetopus I'meatus.

Terataspis grandis.

These two groups, in which the original and usual subgeneric

names applied to different species have been used in order to show
their proper place in this scheme, can be further subdivided.

Group I.

Section A. (Fig. 1, p. 71.)

It has been pointed out that closely allied forms can have the

furrows and lobes of the glabella in either of these groups modified

to a considerable extent within the limits of the group-characters
;

and the pygidia may retain certain common features in spite of all.

Thus Acantliopgge Haueri and Dicranogmus simplex have closely

similar head-shields, though in the latter the anterior portion of the

first lateral furrows is wanting, a condition which we see com-
mencing to develop in Lichas anglicus, where these furrows are weak
anteriorly. In ^L. Haueri and L. anglicus and in the American
species of Dicranogmus we find a precisely similar type of pygidium,

consisting of two complete pleurae on the lateral lobes, two distinct

rings on the axis followed by several indistinct annul ations, and a

narrow post-axial ridge. The rest of the lateral lobes behind the

second pair of pleurae is not traversed by any furrow. Three principal

pairs of spines represent the free ends of the pleurae. Corydoeephalm
palmatus has a similar pygidium, and from the head-shield of this
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species, with its well-developed lobes and furrows, it may easily

be seen how the other species above-mentioned are derived by the

suppression of certain furrows and the fusion of certain lobes.

Modifications in the pygidium may also set in, such as the loss

of the lateral spines ; but the important features of (1) the possession

of two complete pleurae, each well marked out and with pleural

furrow
; (2) the non-furrowed surface of the posterior portion of the

lateral lobes : and (3) a definitely circumscribed axis and no broad

post-axial piece, are retained.

Fig. 1.—Lichas palmatus, Barr. (After Barrcmcle.)

[a from ' Syst. Silur. Boh.' pi. xxviii, fig. 7 ; b from pi. xxviii, fig. 9.]

A large number of species fall into this Section A of Group Iy

nearly all of which seem to be of Silurian age. The type-species

of Acanthopyge [= Euarges, Giirich], Corydocephalus [= Plusiarges,

Giirich], Dieranogmus \_—Liparges, Giirich], and Hemiarges belong
here, as well as many others which have been wrongly ascribed

to Arges}

Section A.

L. (Corydocephalus) palmatus, Barr. I L. scutalis, Salt.

L. (Acanthopyge) Haueri, Barr. L. ambiguus, Barr.

L. (Dieranogmus) simplex, Barr.
L. anglicus, Beyr.

L. hirsutus, Fletch.

L. heteroclytus, Barr.

L. (Hemiarges) wesenbergensis,

Schm.

Lichas palmatus may be regarded as the type of this group, as it

possesses the most complete development of the head-shield, lobes,,

and furrows, and all the important sectional features of the pygidium.

[The four above-mentioned subgenera recognized by Dr. Giirich

(Euarges, Plusiarges, Liparges, and Hemiarges) which are associated

together in this section may be regarded as subsections, though hardly

of subgeneric value. Craspedarges Wilcannice is closely allied to

Euarges and Hemiarges in its cranidial characters, but on account of

its peculiar yet imperfectly known pygidium it must for the present

be put doubtfully in auother subsection by itself.]

Section B. (Fig. 2, p. 72.)

Of this next section which may be recognized in Group I, we appear

to know only one complete example, Dicranopeltis [= Trachylichas,

Giirich] scabra, and the characters of its head-shield may be regarded

as typical of the section. But, from the resemblance of certain other

1 Only a few examples are given in each section, and no complete list of the

species is attempted.
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species, of which we kn*w only the pygidium or head-shield, we
can associate them with it. The pygidial characters are :— (1) the
possession of two rings on the axis ; (2) a broad post-axial piece

;

and (3) three pairs of pleurae on the lateral lobes, each with free

Fig. 2.—Lichas scaber, Beyr. (After Barrande.)

[a from ' Syst. Silur. Boh.' pi. xxviii, fig. 24 ; b from pi. xxviii, fig. 22.]

point and pleural furrow. The first two pairs are complete, but the

third pair is not completely marked off posteriorly from the post-

axial piece.

Section B.

L. (Dicrano-peltisJ scaber, Beyr.

L. Barrandei, Fletch.

L. Woodwardi, Eeed MS.
?L. Salteri, Fletch.

Section C. (Fig. 3.)

In this section the axial furrows of the head-shield are more or

less obsolete posteriorly, occipital lobes are present, the pygidium

Fig. 3.—Lichas margaritifer, Nieszlc. (After Schmidt.)

[a from ' Kev. Ostbalt. Silur. Trilob.' pt. ii, pi. v, fig. 17 ; b from pi. v, fig. 23.

Fig. 3b does not show properly the incurving of the pleural furrows in the

third pair.]

has three rings on the axis and a post-axial piece, with the lateral

lobes composed of three pairs of pleurae. Of these the first two pairs

are complete, with pleural furrows and free points ; but the third

pair is incompletely marked off from the post-axial piece, and the

pleural furrow curves inward towards the axial furrow, so as more
or less to enclose a small oval area. The free points of this pair of

pleurae are closely placed together.
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Section C.

L. (Platylichas) margaritifer, Nieszk. I L. bifurcatus, Eeed.

L. docexs, Schm. ? L. Grayi, Fletcb.

Section D. (Figs. 4 & 5.)

In all the head-shields of this section we notice the presence of

complete axial furrows and of occipital lobes, but a strong tendency

exists for the third lateral furrows to become obsolete. In the

pygidium of Lichas affinis and some allied species, which appear

to belong here, the third pair of pleurae have lost their free points.

The species L. celorrhin and L. pachyrhina are closely allied

;

the pygidium ascribed to the latter shows two rings on the axis,

Fig. 4.—Lichas verrucosus, Eichw. Fig. 5.—Lichas affinis, Ang.

(After Schmidt.) (After Anqelin.)

[From ' Rev. Ostbalt. Silur. Trilob.' [From 'Pal. Scandinav.' pi. xxxviii,

pt. ii, pi. ii, fig. 1 a.] fig. 4 b.]

a broad post-axial piece, and three pairs of pleurae, of which
the first two are completely defined and have each free points and
pleural furrows. The third pleurae have also simple pleural furrows

and free points, but are incompletely marked off from the post-axial

piece posteriorly. 1 [To this section belong Dr. Giirich's Metopolichas

(—Jletopias) and Pterolichas (=^Arctinurus). The latter may
mark a subsection, and probably his subgenus Platopolichas also

belongs here and likewise designates a subsection, the third pleurae

of the pygidium possessing free points, but not pleural furrows,
j

L. (Metopias) Hubneri, Eichw
L. verrucosus, Eichw.
L. laciniatus, Dalm.
L. bulbiceps, Phill.

L. conformis, Aug.
L. affinis, Any.

Section D.

L. celorrhin, Ang.
L. pachi/rhina, Dalm.

? L. kuckersianus, Schm.
? L. (Arctinurus) Boltoni, Bigsby.

? L. (Platopolichas) ccvus, Barr.

? L. (Platopolichas) incola, Barr.

Section E. (Figs. 6 & 7, p. 74.)

The species attributed to Lichas cicatricosus, Loven 2 by M. Schmidt 3

does not show the pygidial characters of the type according to

1 The accuracy of the association of some of the pygidia with bead-shields

belonging to this section is rather doubtful.
2 Ofv. K. Svensk. Vet.-Akad. Forhandl. vol. ii (1845) no. 3, p. 56 & pi. i, fig. 8.
3 'Rev. d. Ostbalt. Silur. Trilob.' pt. ii, Mem. Acad. Imp. Sci. St. Petersb.

ser. 7, vol. xxxiii (1885; no, 1, p. 122 & pi. v, figs. 25, 26.
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Loven's figure. The pygidium of the type appears to resemble that

of L. deflexus which belongs to the second group. M. Schmidt, on the

strength of the similarity of ornamentation, associates with the head-

shield (op. cit. fig. 25) attributed by him to L. cicatricosus, Lov. a

peculiar pygidium (fig. 26). The head-shield shows a pair of well

circumscribed bi-composite lobes, and the essential features of

Fig. 6.—OLichas cicatricosus, ScJimidt non Loven. (After Sclimidt.)

[a from ' Kev. Ostbalt. Silur. Trilob.' pt, ii, pi. v, fig. 25 a;
b from pi. v, fig. 26.]

Section C. The axial furrows are incomplete, being quite obsolete

behind the bi-composite lobes ; the fourth lateral lobes are absent ;

the first lateral furrows are continued back to the neck-furrow by

short additional furrows; and occipital lobes are present. The

pygidium possesses two rings on the axis, a triangular post-

axial piece, completely defined

Fig. 7.—Lichas hibernicus, Portl.

pars. (After Poriloelc.)

[From ' Eep. Geol. Londonderry'
pi. iv, fig. 1 c]

and pointed posteriorly, and
three pairs of complete pleurae

on the lateral lobes with free

obtuse ends ; the first two pairs

have pleural furrows, and the

third pair are in contact in

the middle line behind the post-

axial piece.

The pygidium of L. Jiiberni-

cus, Portl. 1
is closely similar, as

M. Schmidt 2 has remarked, but

the head- shields attributed by
Portlock (op. cit. pi. v, figs. 1-3)

to this species appear to belong

to another species, for their

ornamentation is different from

that of the pygidium, as an examination of the type-specimens

confirmed. Accordingly it seems necessary (1) to separate Schmidt's

L. cicatricosus from Loven's species bearing the same name ; and

(2) to give a new specific name to the head-shields usually called

L. hibernicus. If the above conclusions are adopted L. Jcildarensis-

is suggested for the latter, which belongs to the second group of

Lichadidae.

1
' Eep. Geol. Lond.' 1843, p. 274 & pi. iv, figs. 1 a-d.

2
' Kev. Ostbalt. Silur. Trilob.' pt. ii (1885) p. 29.
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Fig. 8.—Lichas Eibeiroi,

Delg. (After Delgado.)

[From 'Faun.Silur.Portug.

Section E will accordingly have
L. cicatricosus, Schmidt (non Loven)
as its type ; and the following examples
may be mentioned :

—

Section E.

L. cicatricosus, Schmidt non Loven.
L. hibernicus, Portl. (pars).

L. (squalis, Tornq.
?L. St.-Matthice, Schmidt.

Section F. (Fig. 8.)

The form Uralichas JRibeiroi is marked
off from all the other members of the

Liehadidse by the peculiar nature of its

pygidium, with its long caudal spine of

the pair of partly fused and enrolled

third pleurae. The characters of its

head-shield are almost identical with
those of Section D, of which it may
perhaps be considered a special offshoot.

Section F.

L. (Uralichas) Eibeiroi, Delg.

Section G. (Fig. 9.)

To this section belongs the most
modified form of the first group, Lichas

(Arges) armatus. The bi-composite lobes

are circumscribed, but the fourth lateral

pair is fused with the fixed cheeks.

Fig. 9.—Lichas armatus, Goldfuss. (After Goldfuss.)

[From Nova Acta Acad. Cass. Leop. -Carol, vol. xix, pt. i, pi. xxxiii,

figs. 1 a & 1 c]
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The pair of curved spines near the front end of the glabella, the

long spines of the fixed cheeks, the long genal spines, and the

remarkably spinose pygidium are among the remarkable features

of this species. [Dr. Crunch, Neues Jahrb. Beilage-Band xiv(1901)

p. 531, puts it by itself in a new subgenus, Ceratarges.~]

Section G-.

L. (Arges) armatus, Goldf.

Section H. (Fig. 10.)

The last section of this group comprises those few species in

which the fourth lateral lobes appear to have been squeezed out, so

that the glabella has, as lateral lobes, only the one pair of bi-

composite lobes. Occipital lobes are absent ; and in the species

Fig. 10.—Lichas ornatus, Any. (After Schmidt.)

[a from « Rev. Ostbalt. Silur. Trilob.' pt. ii, pi. vi, fig. 18 a; b from
pi. vi, fig. 20.]

(Lichas ornatus) of which the pygidium is known, there is in the

latter part one axial ring, a broad post-axial piece, and three

pairs of complete pleurre, each with pleural furrow and the two first

also with free points.

Section H.

L. ( Oncholiclias) ornatus, Ang. L. gotlandicus, Ang.

Note.—There is the well-known British species L. laxatus, McCoy,
for which a place does not seem naturally to exist in the above

scheme. The head-shield has its essential points agreeing with those

of Section C [in which Dr. Giirich places it], and the pygidium agrees

in the number and course of its furrows ; but there are four rings

on the axis, and a strong rounded margin. It seems, on the whole,

desirable at present to put this species in a subsection of Section C.

Of L. Geikiei,
1 which belongs to Group I, we do not know sufficient

to be able to decide its true affinities or sectional position.

Group II.

The second stage in the modification of the glabellar lobes of the

Lichadidae marks out likewise a natural group characterized by
the possession of a single pair of tri-composite glabellar lateral

1 Etheridge & Nicholson, ' Monogr. Silur. Foss. G-irvan 'fasc. ii (1879) p. 137
& pi. x, fig. 1.
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lobes composed of the fused second, third, and fourth lateral lobes.

Occipital lobes are present in nearly all the sections.

Section A. (Fig. 11.)

In this section occipital lobes are present, and occasionally traces

of the third lateral furrows are found crossing the tri-composite

lobes. The posterior portion of the first lateral furrows may also

be weak, and not form a regular continuation of the anterior portion.

Fig. 11.—Lichas tricuspidatus, Beyr. (After Dames <Sf Schmidt.)

[a from Zeitschr. Deutsch. Oeol. Gesellsch. vol. xxix (1877) pi. xii, fig. 1
;

b from ' Eev. Ostbalt. Silur. Trilob.' pt. ii, pi. ii, fig. 13.]

The neck-ring is furnished with a posterior simple or bifurcated

spine. The pygidium has an axis with two rings, and a broad

post-axial piece. There are two complete pairs of pleurae on the

lateral lobes, each with a pleural furrow and free point. The third

pair of pleurae is incompletely marked off from the post-axial piece,

and has no pleural furrows ; the two free points of this pair may exist,

or a single median point may replace them.

Section A.

L. (Hoplolichas) tricuspidatus, Beyr.

L. Plaittini, Schm.
L. longispinus, Schm.

L. ctnicotuberculatus, Nieszk.

L.furcifer, Schm.

Section B. (Fig. 12, p. 78.)

This section contains those forms in which the tri-composite

lobes are complete, and marked out on their inner side by a regularly

curved furrow. Occipital lobes are present. The pygidium has an
axis with two rings, and a post-axial piece not defined by furrows

posteriorly as in the last section. There are three pairs of pleurae

on the lateral lobes, each with a pleural furrow, but only the first

two pairs of pleurae are complete and have free points, the third
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pair not being marked off from the post-axial piece posteriorly, nor

making any projection beyond the rounded posterior margin.

Fig. 12.—Lichas depressus, Ang. (After Schmidt.)

[a from ' Rev. Ostbalt. Silur. Trilob.' pt. ii, pi. iv, figs. 1 a, 2, & 3 a
b from pi. iv, fig. 4.]

Section B.

L. (Homolichas) depressus, Ang. L. Eichwaldi, Nieszk.

L. Pahleni, Schm.

The species L. Schmidti, with the free points of the third pair of

pleura) projecting, may be allied to the above, and seems to lead to

a subsection comprising those species which possess similar characters

in the head-shield and, for the most part also, in the pygidium ; but

Fig. 13.—Lichas angnstus, Bet/r. Fig. 14.—Lichas deflexus, Sjogr.

(After Schmidt.) (After Schmidt.)

[From ' Key. Ostbalt. Silur. Trilob.'

pt. ii, pi. iv, fig. 18 a.]

[Op. cit. pi. iv, fig. 35.]

the pleural farrow of the incomplete third pleurae curves round to meet
the axial furrow and to enclose a small oval area, and the ends of

this pair of pleurae form blunt projections on the margin of the

pygidium. The following species are included :

—

L. deflexus, Sjogr.,

L. angustus,~Be\Y., and ?L.cicatricosus, Loven & Angelinwon Schmidt.

Section C (Fig. 15, p. 79.)

The group of species in this section shows many points of affinity

with the preceding. The anterior portion of the median lobe of the
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glabella is elevated or even swollen into a conical protuberance,

while the posterior part is depressed. Occipital lobes are present.

The pygidium has two rings on the axis, a post-axial^ piece not

defined posteriorly, and three pairs of pleurae, each with a free

Lichas aequiloba, Steinh. (After Schmidt.)

[a from 'Rev. Ostbalt. Silur. Trilob.' pt. ii, pi. v, fig. 8 a;

b from pi. v, fig. 10.]

point and pleural furrow ; but the third pleurae are incompletely

defined, and their pleural furrow tends to curve inward to the

axial.

Section C.

L, (Conolichas) csquiloba, Steinh.
|

L. triconicus, Dames.

Section D.

A peculiar American species, L. Eriojris, Hall, appears to demand
a section to itself, but it is imperfectly known. Hall put it

with Conolichas, to which it is undoubtedly allied by the swollen

anterior portion of the glabella, but in some other respects it shows
resemblances to Teratasjns. [Dr. Giirich, Neues Jahrb. Beilage-

Band xiv (1901) p. 530, forms the subgenus Echinolichas for its

reception.]

Section D.

L. (Echinolichas) Er'wpis, Hall.
|

?L. Bigsbyi, Hall.

Section E. (Eig. 16, p. 80.)

A single species, L. illcenoides, characterizes this section, its pecu-
liarities of a smooth surface, a pygidium with anterior facets and
rounded margin, and the absence of all indications of pleurae (except
in the cast) on the lateral lobes, being quite sufficient to separate it

from all others in Group II.

Section E.

L. (Leiolichas) illcenoides, Nieszk.
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Fig. 16.—Lichas illsenoides, Nieszh. (After Schmidt.)

[a from ' Rev. Ostbalt. Silur. Trilob.' pt. ii, pi. iii, fig. 27 a
;

b from pi. iii, fig. 29.]

Section F. (Figs. 17 & 18.)

In this section the occipital lobes are absent, and the neck-ring

forms a regular band. The pygidium has two rings on the axis, a

post-axial piece not denned posteriorly, and three pairs of pleurae,

Fig. 17.— Lichas dalecarlicus,

Any. (After Schmidt.)

Fig. 18.—Lichas laevis, Eichw.

(After Schmidt.)

[From ' Rev. Ostbalt. Silur. Trilob.

pt. ii, pi. vi, fig. 12 a.]

[Op. cit. pi. vi, fig. 10.]

each with a pleural furrow and free point, but the third pair is in-

completely denned from the post-axial piece, and its free points are

short and blunt.

Section F.

L. (PlatymetopusJ lavis, Eichw.

L. dalecarlicus, Ang.

L. Holmi, Schm.

kildarensis nom. prop. {= L. hiker-

nicus, Portl. pars. Head-shield, non
pygidium or thorax.)

Section G.

The species Terataspis grandis marks another section, of which

the characters are those of this species. So far no members of this

section appear to have been found in Europe. The kind of modifi-

cation is similar to that of Arges in Group T, and it appears to be

an instance of heterogenetic homceomorphy.

Section G.

L. (Terataspis) grandis, Hall.
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Section H. (Fig. 19.)

The aberrant form CeratolicJias gryps likewise heads an inde-

pendent section, the characters of which

„. _ _ T . , are those of the type-species. This sec-
Fig. 19.-Liehas gryps, ^^ seemg^^ tQ America

Hall.

Section H.

L. (CeratolicJias) gryps, Hall.

L. (Iraco)i, Hall.

VI. Conclusion.

In the foregoing sections of the two
main groups all the known members of

the Lichadidre can be naturally included.

It is questionable to what extent it

[See Zittel's 'Textbook of is advisable to employ subgeneric or
Pakeont.'transi. Eastman, generic names in an extended or restricted
1900

; p. 632, fig. 1315.]
gense> The original conception of the

subgenus or genus is lost by so doing,

and its definiteness may be obscured, but the existence of newly-

recognized transitional forms renders it difficult to draw up a

permanent and invariable rule. The types of several different

subgenera occasionally fall into the same section ; and in such a

case it seems desirable to apply to the section the name of the

most typical and comprehensive form. For example, in Section A,

Group I, Gorydocephalus may be used as the title of the section.

The sections probably may be regarded as of subgeneric rank,

though some are not so isolated as others, and all are not of equal

value; and only the two groups can be considered as generically

separable.

Xames for the two groups seem necessary, and therefore for

Group I the name Protolichas is proposed, and for Group II the

name Deuterolichas. In spite of my reluctance to add to an
already overburdened nomenclature, it does not seem possible to

avoid giving distinctive designations to these two main divisions.

In the case of the sections of these groups the majority

already have names attached to them, which have been employed
by various writers as of subgeneric value. The names Metopias,

Arges, and Flatymetopus must be dropped because of their pre-

occupation, and for them may be substituted respectively Metopo-

lichas, Giirich, Ceraiarges, Giirich, and Paralichas, nom. prop. The
two Sections C & E of Group I may be termed respectively

Platylichas, Giirich, and Metalichas, nom. prop., and Section D of

Group II Echinolichas, Giirich, in order to complete the series

of sectional names, which will then run as follows :

—

Q. J. G. S.No. 229.
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Group l.—Protolichas, noin. prop

Section A. Corydocephalus.

., B. Dicranopeltis.

„ C. Platijlichas.

., D. Metopolichas.

„ E. Metalichas, nom. prop.

., F. Uralichas.

,, G. Ceratarges.

H. Onckolichas.

Group II.-

Section A.

„ B.

., C.

„ P.

„ E.

„ F.

., G.

—Deuterolichas, nom. prop.

Hoplolichas.

Homolichas.

Conolichas.

Echinolichas.

Leiolichas.

Paralickas, nom. prop.
Terataspis.

II. Ceratolichas.

The British members of the family of the Lichadidae are distributed

among the sections as follows

Group I. (Protolichas.)

B.

Sect. D. {Metopolichas.)

L. laciniatus, Dalm.
L. patriarchics.Wy&.t Edgell.

L. affinis, Ang.
L. conformis, Aug., var. Jceis-

leyensis, Beerl.

L. bulbiceps, Phill.

L. verrucosus, Eichw.

(? British).

E. (Metalichas.)

L. hibernicus, Portl. (pars).

Sect. A. (CoryJocephahis.)

L. anglicus, Beyr.

X. hirsutus, Fletch.

L. scutalis, Salt.

L. devonianus, Whidb.
? L. nodulosus, Sal!.

(Dicranopeltis.)

L. Barrandei, Fletch.

L. Woodwardi, Reed MS.
? L. Salteri, Fletch.

C. ( Platylichas.)

L. margaritifer, Nieszk.

(? British).

/.. bifurcatus, Reed.

?Z. Grayi, Fletch.

? Z. laxatus, McCoy.

Geoup II. (Deuterolichas.)

Sect. U. (Homolichas.} I Sect, F. (Paralichas.)

L. angustus, Beyr. (? British). ; L. Mldarensis nom. prop.

( = X. hibernicus Portl. pars.)

L. Imvis, Eichw. (? British).

The small number of British species belonging to Group II is

noticeable.

With regard to their distribution in the British Isles, Sections

A & B of Group I appear to be entirely Silurian or Devonian,

while the great majority of the members of the other sections are

Ordovician.
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7. 0« Polyphvjia, a New Genus belonging to the Leperditiad.e,

from the Cambrian Shales of Malvern. By Prof. Theodore

Groom, M.A., D.Sc, F.G.S. (Read December 4th, 1901.)

[Plate III.]

I. Occurrence.

Tjie number of lobulatecl ostracocla at present recorded from the

Cambrian formation is very small, and the species are still very

imperfectly known. Forms referred to Beyrichia have long been

known from the Cambrian beds of Scandinavia, 1 Stockingford,
2 and

South Wales. 3 The writer some time since detected in the lowest

portion of the Malvern Black Shales a species identical with the

Stockingford form, which latter had been provisionally identified

with the Swedish Beyrichia Angelini, Barr. The specimens obtained

from the Stockingford Shales were few and imperfect; the Malvern
examples are far more abundant and, though for the most part

imperfect, are better preserved. They present characters which
serve to separate the species from those now placed under the genus

Beyrichia. Many of the specimens have been submitted to Prof.

T. Rupert Jones, who (after an examination kindly made of much of

the material) considers it impossible to refer the form to any known
gnus, and recommends the establishment of a new genus and
species. I would propose to describe the species under the name of

Polypliyma Lap worthi.

The specimens were obtained from the Black Shales (M 257} at

the northern extremity of Chase End Hill, in the Southern Malverns,

where they were associated with Acrotreta sp., Kutorgina pusilla,

Sars, Protospongia fenestrata, Salter, and other fossils. The
shales are nowhere actually exposed, and can be reached only

by excavation. Some two days' work with the pick and spade

produced perhaps a hundredweight of the shale in small pieces.

Polyphyma is very abundant in certain bands of the shale, and
altogether over 300 recognizable individuals were obtained, in

addition to many fragments. The shales have been subjected to

considerable pressure, consequently the specimens are frequently

crushed and indented, and present differences in their appearance so

extraordinary that Prof. Rupert Jones and myself at first thought that

we might be dealing with several distinct species. In many examples
the shell presents a beautifully reticulate appearance ; but closer

1 J. Barrande, •' Syst. Silur. chi Centre de la Bokerae ' vol. i, Suppl. (1872)

p. 485.
- C. Lapworth, Geol. Mag. 1886, p. 321.
5 T. Rupert Jones, ibid. 1S8I

, p. 343. Beyrichia Hollii, Jones, is here recorded
from the Menevian, and regarded as an ally of B. intermedia, Jones (a form
since referred to the genus Kloedenia)

; see Jones & Holl, Ann. & Mag. Nat. Hist.

aer. 5, vol. xvii (1886) p. 362.
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examination shows that the reticulate individuals differ from the

rest in no other particular, and, moreover, reveals the fact that the

reticulation is due to the presence of a meshwork of intersecting

cracks which are clearly of secondary origin. A similar reticulation

is seen in some individuals of the associated Acrotreta.

With the aid of the more perfect specimens I have now been able

to reduce all the individuals, with the exception of one or two of

the poorest specimens, to the single type, now to be described.

II. Description.

The chief characteristics of Polyphyma Lajnvorthi arc :—-A sub-

central, obliquely-directed reniform elevation ; three tubercles near
the dorsal margin ; and an anterior subtriangular lobe (see the

accompanying text-figure).

Restoration of Polyphyma Lapworthi, gen. et sp. nov.

c

[ X 34 diam.]

The valves, when not flattened by pressure, are convex, and almost

semicircular in outline, with a straight dorsal edge, and an almost

uniformly and continuously curving ventral edge, the postero-ventral

margin alone being slightly protuberant in the larger specimens.

The dorsal and ventral margins meet in a well-defined angle. The
ventral border is strongly convex, except along the posterior margin
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and near the angles ; it is marked off from the rest of the valve by

a gentle depression, and thus forms a marginal ridge (j).
1 Along

the posterior margin, in the best-preserved examples, the narrow

rim is raised only slightly above the level of the adjacent part of the

shell. The dorsal margin, too, is as a rule slightly raised above

the general level to form a narrow ridge, and is thence sharply

bevelled off towards the hinge-line.

The centre of the valve is occupied by a well-defined, broad reni-

form elevation, the concavity of which is directed obliquely upward
and backward. The ventral limb (6) of this is more prominent

than the dorsal (c), and at or near its free extremity is generally

raised up to form a prominent rounded tubercle. Prof, llupert

Jones has suggested to me that this limb represents the 'gigot-lobe'

of Beyrichia. It is on this supposition that the orientation adopted

here is based.

In the antero-dorsal part of the valve are situated two tubercles.

Of these, one (d), placed in a line with the free ends of the

lobes b and c, is nearly hemispherical ; the second (e), situated

in front, in the best examples is spindle-shaped, the axis of the

spindle being directed obliquely upward and forward. These two
tubercles, though sometimes apparently isolated, are usually more or

less completely connected with the lobe c by a low forked ridge.

Towards the posterior end of the dorsal margin is a third smaller

tubercle (a), sometimes very small and hemispherical, but usually

elongated in a direction more or less parallel to the dorsal margin

of the valve, with the bevelled edge of which it is, as a rule, nearly

continuous at one point.

Staiting from, a point close to the antero-ventral margin is a

well-marked lobe (/) which, diverging from the margin, runs

forward and upward, and ends near the lobe e. In the smaller

examples it frequently appears to be spindle-shaped, but in larger

and better specimens it is subtriangular. From a second point,

on the postero-ventral margin, a more slender and less elevated

ridge (g) runs upward and backward, and at the same time

diverges from the edge and becomes submarginal. I have been

nnable to make certnin that this ridge represents a feature originally

present, for it is often poorly developed, and seems to occur at

variable distances from the margin, sometimes indeed quite close

to the latter : but its repetition with identical features in several of

the best specimens favours the view that it is not of secondary

origin. Indications of a small triangular lobe (Ji) are sometimes

seen at the anterior angle in good specimens.

The lobes just described rise up from the adjacent areas with

tolerable distinctness, and where close together are separated by
well-defined channels with rounded floors. The lobe c, however,

often subsides gently into a flattened area characteristic of the

hinder part of the valve. The two valves of the shell appear to be

perfectly similar, and are sometimes preserved in juxtaposition.

The dorsal and ventral edges appear to lie wholly in a plane, and
1 The letters a-j m parentheses refer to the text-figure, p. 84.
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it is therefore to be presumed that, unless this is due to pressure,

the valves when closed did not gape at any point along the ventral

margin. No differences between different individuals whic*h could

be attributed to sex were observed.

The substance of the valves is thin, black, and shining, and evi-

dently consisted originally of chitinous material.

The length of the valves generally varies from 1 to 3 millimetres,

and the height from 0-5 to 1/8 mm. The most abundant indi-

viduals measured a little under 2 mm. by a little over 1 mm.
Measurements of a number of selected individuals gave the fol-

lowing dimensions (in millimetres):—1-0 x 0*5
; 1-24x0*66;

1-6x0-8; 1-75x1-0; 1-9 x 1-1; 2-0 x 1-1 ; 2-26x1-32; 2-4x1-3;
2-6 x 156 : 2*8 x l-(!5; and 2*9 x 1*8 (the biggest complete individual

seen). A few specimens showed indications of greater size ; the

largest of these, an imperfect specimen measuring 2-6 mm. in height,

must have been some 4 or 4*5 mm. in length. The average lengths

and heights of sixteen specimens less than 2 mm. in length were
1*6 and 0*9 mm. respectively ; the corresponding measurements of

ten larger individuals were 2-5 and 1-4 mm. The.relative height

thus appears to increase with age.

III. Relation to Allied Genera.

The genus Beyrichia was instituted by McCoy. 1 In subsequent

years many new species were referred to this genus by different

observers. Latterly, however, certain of these have been separated

oft in form distinct genera, and other genera having been added, the

Leperditiadee now include a number of lobulate forms. Among
the lobulate genera recognized are the following:

—

Beyricliia,
2

Ctenobolbina,
3
Tetradella* BoUiaJ' Strepula,6 Polyzygia,7

Poloniella,8

Jonesella* and Drepanella. 10 The mutual relations between many
of these forms is very obscure, and it appears doubtful whether
all of them are entitled to rank as genera. The genera to which
Polyphyma appears to be most nearly related are those pro-

vided with broad lobes, such as Klosdenia, Beyrichia, Ctenobolbina,

and Tetradella. The arrangement of the lobes, however, is more
complex than that seen in Klosdenia or in the simpler forms of

Beyrichia and Ctenobolbina ; moreover, it does not seem possible to

regard Polyphyma as having originated, like the more complex forms

of Beyrichia, from the simple three-lobed type. On the other hand,

1
* Synops. Silur. Foss. Irel.' 1846, p. 57.

- See T. Eupert Jones, Ann. & Mag. Nat. Hist. ser. 2, vol. xvi (1855) pp. 81,

163 ; & G. Renter, Zeitschr. Peutsch. Geol. Gesellscb. vol. xxxvii (1885) p. 621.
3 E. O. Ulrich, Journ. Cincinnati Soe. Nat. Hist. vol. xiii (1891) p. 108.
* Ibid. p. 112.
5 T. Eupert Jones & H. B. Holl, Ann. & Mag. Nat. Hist. eer. 5. vol. xvii

(1886) p. 360.
,;

Ibid. p. 403.
7 G. Giirich, Verh. Euss. Kaiserl. Mineralog. Gesellscb. St. Petersb. vol. xxxii

(189fi) p. 387. * Ibid. p. 388.
3 E. O. Ulrich, Journ. Cincinnati Soc. Nat, Hist. vol. xiii (1891) p. 121.
10 Ibid. p. 117.
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it is conceivable that the lobes b, e, d, and e (perhaps together with

the lobe a, which may belong either to lobe b or to lobe c) correspond

with the four lobes seen in Tetradella (and in some forms referred

to Otenobolbina). 1 If this comparison be just, the lobes / and g
may be extra lobes, not seen in Khedenia, Beyrichia, Otenobolbina,

or Tetradella, and perhaps comparable with the submarginal lobes

seen in Strepula and Polyzygia, though these differ greatly in form

from the broad lobe /. But whatever be the interpretation, it

appears that Polyphyma presents a combination of characters not

seen in any other genus. Considering our ignorance of the homo-
logies of the lobes in the majority of the genera, it appears hardly

worth while to discuss the question further ;
the true systematic

position of Polyphyma will be first understood when, by means
of transitional stages between this form and other genera, it has

been ascertained what parts correspond in each case.

IV. Occurrence in other Districts.

Owing to the kindness of Prof. Lapworth, I have been enabled

to examine specimens of 'Beyrichia' obtained by him from the

Oldbury Shales, and I find that the best example among these is

referable to Polyphyma Lapivorihi. In the Oldbary district, as in

the Malverns, this species is found in shales beneath the zone of

Sphcerophihalmus alatus, Boeckh. It seems probable that at

Malvern the horizon is that of the uppermost part of the

Paradoxidian ; it is, however, possible that it corresponds with

the zone of Beyrichia Angelini, Barr., which in Sweden is situated

above that of Agnostus pisiformis, Linn.
' Beyrichia * Angelini, originally figured without description by

Angelin, and shortly afterwards briefly described by Barrande, 2

was later redescribed by Linnarsson. 3 The last-mentioned observer

remarks that, among the variety of forms described under the name
Beyrichia, none approach « Beyrichia ' Angelini, and he regarded

the generic position of the latter as quite uncertain.

Prom Linnarsson's description, ' Beyrichia ' Angelini appears to

present some resemblance to Polyphyma Lapivorihi ; this is seen in

the chitinous nature, the size, the semicircular form, the flattening

at one end, and the subcentral position of the main tubercle, and
perhaps in other respects. But the description is hardly full enough
to warrant the inclusion at present of Barrande's species in the

genus Polyphyma. In reply to a request of mine to be furnished

1 A. Ivrause, Zeitscbr. Deutsch. Geol. Gesellsch. vol. xliv (1892) pp. 389, 395
& pi. xxi, fig. 2, pi. xxii, fig. 9.

- Angelin'.s figure (pi. A, figs. 36 a & b) was apparently intended to appear in

a supplement to the ' Paheontologia Scandinavica,' but was never published,

as might be interred from Barrande's statement, ' Syst. Silur. du Centre de
la Boheme ' vol. i, Suppl. (1872) pp.485 & 495, though proofs of the p' ate

containing it were privately circulated. I may add that the late Dr. Gustav
Lindstrom informed me that Angelin's original specimen was lost before 1876.

3 Ofvers. Kongl. Vetensk.-Akad. Forbandl. vol. xxxii (1875) no. 5, p. 45. &
pi. v, fig. 11.



88 PROF. GROOM ON POLYPHYMA LAPWORTHI. [Feb. I902,

with a large drawing of ' Beyrichia' Anc/elini, the late Dr. Lindstrorn

informed me that Linnarsson's original specimen is the only one

now possessed by the BAksmuseum at Stockholm, and that it is

well delineated in Linnarsson's paper. Under these circumstances

there can be little doubt that the English and Swedish species are

different.

V. Diagnosis of Polyphyma Lapworthi.

Shell thin and chitinous ; convex, semicircular, with straight

hinge-line and well-defined angles. Ventral border raised into a

marginal rim, which narrows posteriorly. Valves, each flat behind,

furnished with a large, subcentral, obliquely-directed reniform lobe,

the ventral limb of which is commonly provided with a prominent

tubercle ; a small, elongated, postero-dorsal submarginal lobe ; two
antero-dorsal lobes, usually connected with the reniform lobe by a

low forked ridge : the one hemispherical, the other more anteriorly

situated, spindle-shaped, directed towards the anterior angle; a

sul "triangular anterior submarginal lobe, and probably a slender

submarginal posterior ridge. Dorsal margin slightly raised, and

sharply bevelled off towards the hinge-line. Valves when closed

probably not gaping at any point. Prevailing size : about 2 milli-

metres by 1.

Horizon.—Lowest Black Shales (Cambrian), Southern Malverns.

EXPLANATION OF PLATE III.

Fig. 1. Lefl valve of Volyphyma Lapworthi, gen. et sp. nov. (No. 305.) x22.
2. Do. 1X0. 256.) X 14£.

3. Part of do. (No. 21.) \ 23.

4. Do. (No. 141.) X 25.

;». Left valve. < No. 332.) x 22.

6. Right valve. (No. 177.) X 21.

7. Do (No. 229.) x m,
5. Part of do. (No. 333.) x 23.

[The numbers in parentheses are those of the original specimens, which are now
in the Museum of the Birmingham LTniversity.]
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I. Introduction.

In a former communication 2 the disposition of the older Palaeozoic

beds in the Southern Malverns was described, but few strati-

graphical details were given. It is proposed on the present occasion

to complete the description of these rocks, with the exception of the

lithology. Further research has strengthened the conclusions

formerly drawn, and has afforded some additional evidence as to the

succession : wrhile diligent collecting, and examination of the spe-

cimens previously collected, has added many fossils to the small stock

hitherto known. A number of these are new ; they have already

been described in part by Mr. Frederick Chapman, 2 and by the

author, 5 and descriptions of the remainder by Mr. C. A. Matley
and the present writer will be found towards, or at the close of this

paper, together with some notes on certain trilobites for which
Mr. Philip Lake and myself are jointly responsible.

The following subdivisions of the strata may now be recognized :

—

4. Bronsil Shales (Grey Shales).

3. White-Leaved -Oak Shales (Black Shales).

2. Hollybush Sandstone.
1. Malvern Quartzite.4

1 Quai*t. Journ. Geol. Soc. vol. lv (1899) pp. 129 el seqq.
- Itad. vol. lvi (1900) pp. 257 et seqq.
' Geol. Mag. 1902, p. 70.
4 [This name is intended to replace that of Hollybush Quartzite and

Conglomerate used in my first memoir on the district. The change has
been made in accordance with a suggestion put forward by Prof. Lapworth at

the reading of the paper.

—

December 5th, 1901.]
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II. The Malvern Qttartzite.

(a) Distribution and Stratigraphical Relations.

The conglomeratic beds of the Malvern Quartzite were apparently

first seen in the Gullet Pass by Leonard Horner. 1 Murchison later

spoke of a very felspathic grit on the flank of Midsummer Hill. 2

John Phillips described the same conglomerate as wrapping round,

the northern end of Raggedstone Hill, and descending towards the

Hollybush Pass on the north. 3 It was observed too by Holl at the

foot of the western spur of this hill, and also in the Gullet Pass,

but the rock in the last-mentioned locality was referred by him to

the Llandovery Series. 4 Syrnonds mentions the occurrence of the

conglomerate on the western slopes both of the ILaggedstone and
Midsummer Hill, and on the northern side of the former, between
the eastern and western spurs, and also at the top of the quarry at

tin- southern end of Swinyard Hill."
1

'flie distribution of the Malvern Quartzite, as ascertained by the

present writer, has already been described/
5 and it will be sufficient

to point out that it occurs in the Abberley Hills (near Hartley, and
in Cowley Park) ; immediately south of the Gullet Pass (M 109,

31 I7<», 31265, and M366) 7
; on the western sides of Midsummer

Hill (M173a) and of Raggedstone Hill (M244); and in the

central depression traversing Midsummer HiJl (M109) and liagged-

stone Hill (M 164 & M177): another small patch at White-Leaved
Oak is mentioned below (p. 01).

Holl and Symonds both placed the ' Conglomerate ' in what is

evidently its true position, namely, at the base of the Hollybush

Sandstone. A close relation between the two formations is sug-

gested by the presence of glauconitic grains in some samples of the

quartzite, and by the occasional assumption by the conglomerate of a

matrix much resembling the green Hollybush Sandstone ; moreover,.

one variety of the grey Hollybush Sandstone is indistinguishable

lithologically from the yellowish-grey type of quartzite (see p. 96).

Rarely h;ind-specimens may be obtained from debris, in which green

and grey quartzite alternate in thin bands. Symonds states that

• excavations tor stone on the western slope of the Raggedstone exposed this

old beach [the Malvern Quartzite] dipping at a high angle underneath the

greenish Hollybush sandstones." (Op. elf. p. 24.)

It is not, however, sufficiently clear whether the conglomerate was

actually seen to underlie the sandstones, or merely to dip towards

them. The excavations are now filled up, and the relations between

1 Trans. Geol. Soc. vol. i (1811) p. 302.
- • Silurian System ' 1839, pp. 415 & 41 G.

:; Mem. Geol. Surv. Gt. Brit. vol. ii, pt. i (1848) p. 52.
1 Quart. Jonrn. Geol. Soc vol. xxi (1865) pp. 87 & 100; and Symonds in

Purchas & Ley's ' Flora of Herefordshire' 1889, pp. xiii-xiv.

' ' Old Stones ' 2nd ed. (1884) p. 24.
1

Quart. Jonrn. Geol. Soc. vol. lv (1899) fig. 1, p. 132 & pi. xni facing

p. 107 : and ibid. vol. Ivi (1900) pi. xv facing p. 168.
7 Throughout this paper M, followed by a numeral in parentheses, refers to

the maps which accompanv the author's previous papers on the Malverns,

Quart. Journ. Geol. Soc. vol. lv (1899) pi. xiii & vol. Ivi (1900) pi. viii.
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the two rocks are obscure. But, judging from the distribution of

the debris of the Quartzite, it would appear to crop out along a line

running in a south-westerly direction obliquely down the slope, and

parallel to the probable direction of outcrop of the sandstone
]

; this

circumstance lends support to Symonds's view. Other considera-

tions, however, suggest that the Quartzite and Sandstone at this spot

are separated by a fault (see pp. 96 & 97).

The view that the Malvern Quartzite directly underlies the

Hollybush Sandstone is further borne out by the close analogy

between the Malvern and Shropshire districts ; in the latter the

sequence is clearer, and the giaueonitic Comley (or Hollybush)

Sandstone is immediately underlain by the Wrekin Quartzite."

The frequently conglomeratic character of the Malvern Quartzite

also points in the same direction. At one spot there appears

to be direct evidence of the infra-position of the Quartzite. At
the northern end of the big quarry at White-Leaved Oak, the

lowest portion of certain flaggy beds of the Hollybush Sandstone

(which were evidently regarded as the base of that formation

by Prof. Lapworth) is seen to consist chiefly of grey and greyish

-

white quartzite precisely like certain varieties of the Malvern

Quartzite, and unlike any seen in the Hollybush Sandstone.

These contain, in addition to doubtful fragments of Kutorgina Phil-

Vpsii (Holl), which occurs in both formations, Oboldla (? ) Groomii,

sp. nov., a fossil hitherto found only in the Malvern Quartzite. This

quartzite passes up by alternation into the green flaggy Hollybush
Sandstone. AVe have here, then, beds which represent either the

summit of the Quartzite, or the passage-beds between the formations

and the Hollybush Sandstone.

The junction of the Malvern Quartzite series with the Archaean

complex being probably everywhere a fault, 3
it is impossible to

say on vrhat rocks the former originally rested. It may have
passed down into a pre-Cambrian sedimentary series, or into a

volcanic series analogous to the Caldecote Series of \Yarwick-

shire, 4 possibly into the Warren House Series of the Malverns.'

But it seems more probable that the Quartzite rested unconformably
on both of the Malvern Archaean series ; for the inclusion in the

conglomeratic beds of fragments bearing a general resemblance to

certain rocks of the present Malvern Hills proves the denudation

of a land containing rocks of both Malvernian and Uriconian type

situated not far from the site of the present Malvern chain.
G

(b) Litholog\r and Thickness.

Lithologically the rocks of this series vary from a compact

quartzite to a rather coarse conglomerate, every transition between

1 Quart, Journ. Geol. Soc. rol. lv (1899) fig. 1, p. 132.
- Callaway, Quart. Journ. Geol. Soc. vol. xxxiv (1878) pp. 754 et scqq., and

Lapworth &' Watts, Proc. Geol. Assoc, vol. xiii (1894) p. 309.
3 Quart. Journ. Geol. Soc. vol. lv (1.899) pp. 137, 139, & 145.
1 Lapworth, Proc. Geol. Assoc, vol. xv (1898) pp. 330-32.

~» Quart. Journ. Geol. Soe. vol. lvi (1900) p. 140.
'' Eep. Brit. Assoc. 1900 (Bradford) p. 739.
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:

these two types being found. In Winter Combe, on llaggedstone

Hill,
1
the prevailing rock is a coarse greyish-white quartzite, or

grit, with some finer-grained quartzite. At the northern end of

Midsummer Hill (see fig. 1) layers of quartzite and conglomerate

Fig. 1.

—

Diagrammatic sketch of the small quarry in the Malvern

Quartzite and Con'c/lomerate, at the north-western corner of

Midsummer Bill (MJ70).

N.

Horizontal, approximately
the same.

rImpersistent layers of conglomerate are interbedcled with grey quartzite (clotted

in the figure). The fossils are most abundant in the uppermost band of

quartzite, especially near the junction with the overlying band of con-

glomerate.]

alternate. The prevailing type is a fine-grained quartzite with tiny

Hakes of a\ hite mica, and often containing minute fragments of horny

brachiopoda, chiefly referable to Kutorgina Phillipsii. In places,

especially where the rock becomes a little coarser in grain, there are

clear indications of lamination, and not uncommonly of false-bedding.

Occasionally the rock passes into a sandstone of a chocolate-brown

colour. Very commonly the grain of the quartzite or sandstone

becomes coarser, and the rock then passes into a grit. The colour

of the quartzite varies considerably : the commonest type is grey
;

but greyish-white, or greyish-black, bluish-, greenish-, yellowish-,

brownish-, pinkish-, or reddish-grey tints are frequently assumed.

By the gradual or fairly sudden appearance of pebbles or subangular

fragments, the rock passes into a pebbly quartzite, sandstone, or

grit, and into somewhat coarse conglomerate, the pebbles of which

may attain a diameter of 2 inches.

A description of the materials of the Malvern Quartzite is

reserved for a future occasion ; for the present, it may suffice to

state that the fragments consist largely of grey or white quartz
and metamorphic quartzite ; variously tinted f el sites, bearing

much resemblance to rocks in the Herefordshire Beacon which

have been regarded as rhyolites ; and reddish binary granites and
granophyres; as also of minerals which may have been derived

from such rocks.

It may be remarked that while all the varieties of quartzite or

conglomerate found in the different localities can be more or less

closely paralleled in the chief outcrop at the northern end of

] Quart. Journ. Geol. Soc. vol. lv (1899) fig. 14, p. 146.
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Midsummer Hill, the development of the series in the several

localities is usually somewhat different in one or more respects,

such as the prevailing nature of the matrix, the variety of pebbles,

or the relative proportions of quartzite and conglomerate. Thus in

Winter Combe, on flagged stone Hill, the prevailing rock is a pebbly

grit, of tolerably uniform character, the pebbles of which are of

less varied character than those seen at the northern end of Mid-
summer Hill. On the western side of Kaggedstone Hill quartzites of

a light colour, and containing Hyolithus, are found. At the southern

end of the same hill, greyish-white quartzites are interbedded with

Hollybush Sandstone. These facts are of importance, inasmuch as

they either point to rapid horizontal change, or more probably

suggest that we are dealing with dislocated fragments of a series

originally of considerable thickness.

It is difficult to say what the original thickness may have been.

The little patch on Winter Combe consisting chiefly of grit can

hardly be less than 50, and is probably more than 6-5 feet thick.
1

The thickness of that portion of the series of quartzites, grits, and

conglomerates which crops out at the northern extremity of Mid-
summer Hill may be as great as 200 or 300 feet; but the difficulty

of ascertaining the exact disposition of the beds, makes this estimate

very uncertain. It seems probable, however, that the formation

was originally comparable in development with the quartzite at the

base of the Cambrian Series in Shropshire, or possibly even with

the still thicker Lower Quartzites of the iN
T
uneaton district.

(c) Palaeontology.

Fossils are not common in the series in most places. Symonds
speaks of an Obolella,

2 and Murchison records the following :

—

Obolella Salteri, Orthis lenticularis, Ctenodonta sp., Theca sp., Ser-

pulites fistula, and Scoiithus sp.
3

Xo specimens recorded as from the ' Conglomerate ' appear to

occur in the existing collections, but a few labelled as from the
' Hollybush Sandstone ' may be seen at Oxford, Cambridge, South
Kensington, and Worcester. They include Kutorgina cingulata

var. PJiillipsii now, and Obolella (?) Groomii, sp. no v. These spe-

cimens, however, are embedded in a quartzite which is precisely

like that of Kaggedstone Hill (M244) or Midsummer Hill (M 170)

The same may be said of a specimen of Hyolithus (Serpulites)

fistula (Holl) ? preserved in the Woodwardian Museum. The
subject has been thrown into confusion, apparently owing to the
circumstance that, although Holl distinguished between the Holly-

bush Sandstone and the basal Conglomerate (= Malvern Quartzite),

collectors have referred indiscriminately all the fossils collected

to the former. Moreover, Holl, I believe, included under the

name ' felspathic sandstones ' rocks belonging in part to the

1 See Quart. Journ C4eol. Soc. vol. lv (1899) fig. 14, p. 146.
2 'Old Stones' 2nd ed. (1884) p. 24.
:; ; Siluria' 4th ed. (1867) App. p. 541.
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Hollybush Sandstone and in part to the Malvern Quartzite.

I think it advisable, therefore, to disregard the lists given by Holl

and Murchison, and to rely solely on the specimens preserved in

museums, or collected by myself.

On the western slopes of the Raggedstone (M 244) fossils are

abundant, in pieces of quartzite and quartzose grit. These in-

clude, in large numbers, Kutoryina cingulata var. Phillipsii nov.,

and less frequently Oboldla (!) Groomii, sp. nov., and Hyolithus

primcevus, sp. nov., and rarely'ijT. fistula (Holl). In the more con-

glomeratic quartzites at the northern end of Midsummer Hill

(M170), I obtained Kutorgina Phillipsii in the greatest abundance,

though frequently in a fragmentary condition. With these were
associated a much smaller number of specimens of Obolella(?) Groomii.

The foregoing are the only fossils (with the exception of glauconitic

casts of foraminifera) that it appears safe to attribute to the

Malvern Quartzite.

III. The Hollybush Sandstone.

(a) Succession and Thickness.

The Hollybush Sandstone was first observed by Murchison on

the western flanks of the Raggedstone. He described the formation

as composed of a pale-green, fine-grained, slightly micaceous,

earthy sandstone, passing up above into hard flag-like and highly

micaceous layers.
1 The sandstone, he states,

' might be termed greensand with as much propriety as any rock in the

geological series.'

Do la Bcche speaks of the same beds as

' greenish sandstones, in thick and thin b?ds, often of a trappean aspect.' -

It was John Phillips, however, who gave the first detailed

description of the series, and applied to it its present name. 3 Holl

in later years carefully studied the character of the sandstones, and
obtained fossil remains from them. 4 He attempted also to establish

a general succession of strata within the series, and distinguished on

the northern slopes of the Eaggedstone (in descending order) the

following :

—

Beds with Trackyderma cuifiquissima.

Greenish sandstones with Scrpidites fistula.

Contemporaneous lava.

Light-coloured felspathic sandstones and speckled sandstones with

fossils, and rather massive olive-green unfossiliferous sandstone.

Basal conglomerate (= Malvern Quartzite).

1
' Silurian Svstem ' 1839, p. 416.

2 Mem. Geoh Surv. Gt. Brit. vol. i (1846) p. 21.
a Ibid. vol. ii. pt, i (1848) pp. 51-54.
* Quart. Journ. Geol. Soc. vol. xxi (1865) pp. 87-89.
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At the southern end of theRaggedstone he described, in descending
order, the following succession :—

Olive-green massive beds.

Thinly-laminated micaceous sandstone.

Light-blue calcareous sandstone, with a thin bed of limestone.
* Dark-purple and purplish-black sandstone.

Sandy shales, with worm-tracks.

These beds Holl placed below the horizon of the lava of the more
northerly exposures, but above the lowest beds. Both on the

northern and southern parts of the hill, the beds appear to be

less satisfactorily exposed than when Holl examined them
; but

careful examination of the ground shows that, at any rate in part,

Holl's succession wall not hold good. He does not seem to have
detected the fault crossing the series at White-Leaved Oak, 1 and in

the northern part of the hill the supposed lava has been shown by
the present writer to be a dyke crossing the bedding.'2

The formation in liaggedstone Hill exhibits a difference in deve-

lopment in three or four different areas. There is, firstly, a series

consisting chiefly of thin flaggy sandstones, interstratified with
sandy shales : these are seen only on the western side of the big

quarry at White-Leaved Oak.3 Secondly, a set of more massive

green sandstones, interstratihed with dark-green or black sand-

stones : these are exposed immediately west of the flaggy sand-

stones, from which they are separated by a fault. 4 Thirdly, a set

of dark-grey and grey sandstones or quartzites, with green sand-

stones, seen to the north of the big quarry. And lastly, a thick

series of green sandstones, apparently including in the middle

a band of fine-grained, dark-green or grey sandstone, overlain b}^

variously-tinted light-grey sandstones 5
; this series occupies the

north-western corner of Ilaggedstone Hill. The mutual strati-

graphical relations between these portions of the formation are not

clear ; but the available evidence suggests that they constitute, on
the whole, series following each other in the order just given, but

possibly with some overlapping ° of the members in some or all

cases.

The flaggy beds consist chiefly of thin flags of green sandstone,

separated by equally thin shaly seams. In places the beds become
calcareous, and at one spot small lenticular patches of impure light-

green limestone are seen, and in two others a very hard, compact,

impure, brown or grey limestone, 2 or 3 feet thick. 7 Towards the

upper part of the series thin beds of dark-grey sandstone come
in ; and the uppermost beds seen consist of more massive green,

dark-green, or dark-grey sandstone separated by shaly beds.

1 Quart. Journ. Geol. Soc. vol. lv (1899) fig. 2, p. 134.
- Ibid. fig. 1, p. 132. :i Ibid. fig. 2, p. 134.

\ Bid. pp. 135 & 137.
:

Ibid. fig. 1, p. 132. The outcrop of this band, which is marked Hb.S'.

should probably be extended somewhat in width towards the south.
''' This term is not used in a stratigraphicai sense.
7 Quart. Journ. Geol. Soc. vol. lv (1899) pp. 133-35. The limestone is

represented in black, in the map and sections on pp. 134 & 136 there.
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At the northern end of the quarry, the flaggy beds are separated

from the Archaean by 1 or 2 feet of grey and whitish-grey quartzite,

in thin seams separated by bands of sandy shale; into this series

they pass by alternation. This quartzite appears to be the summit
of the Malvern Quartzite (see p. 91), the greater part of which
is faulted out. A calcareous layer in the flaggy series yielded to

Prof. Lapworth Kutorgina cingulata, Obolella Salteri, Linnarssonia

sagittalis, and Hyoliihus sp.
1 Prom what is possibly the same

layer I obtained Kutorgina cingulata var. Phillijpsii and Hyoliihus sp.

Other portions of the flaggy series yielded Seolecoderma antiquissima

(Salter) and Hyoliihus (?) sp.

The second series includes a band of impure, greenish-grey,

glauconitic. sandy limestone a few inches thick. The only fossil

detected was Seolecoderma antiquissima. The resemblance of this

series to the uppermost part of the flaggy beds suggests that the

fault separating them is not of great importance.

The third series is poorly exposed, but appears to occupy a

considerable area on the western side of the Itaggedstone. Judging

from the debris and from the few exposures seen, it consists chiefly of

grey, dark-grey, and black sandstones and quartzites ;

green and dark-green sandstones, with subordinate
conglomerate and coarse conglomeratic grit 2

; the pebbles

of the conglomerate, which are sometimes nearly 1 inch long, are set

in a dark-grey, dark-green, or green matrix. These beds, which

may be over U<>0 feet thick, have furnished no fossils.

Of the fourth series the upper beds only are exposed,
though judging from debris the lower beds resemble these. They
consist chiefly of green flaggy sandstones with Seolecoderma

antiquissima. The dark zone in the middle of the series includes a

thin conglomeratic band (M 1">8). The concealed grey sandstones

are of grey, or greenish-, brownish-, yellowish-, pinkish-, or reddish-

grey colour. A yellowish-grey variety is lithologically indistinguish-

able from a variety of the Malvern Quartzite seen in Winter

Combe. These grey beds appear to correspond in part with HolPs

'light-coloured felspathic sandstones.' 3 They are characterized

by the great abundance of Hyoliihus fistula (Holl) : with this are

associated H
.

primcevus , sp. nov. and H. malvernensis, sp. nov., and

probably other species of the same genus, together with Coleo-

loides (?J sp., Kutorgina Phillijpsii, a minute species of Modiol-

0])sis(!)s
and Seolecoderma antiquissima. The light-grey sandstones

are probably overlain by a very compact dark-grey platy sandstone,

which forms a little tump near the road in the Hollybush Pass.

The higher beds consist of green sandstones, with Seolecoderma

antiquissima. The beds on the northern side of the Pass and those

in Winter Combe seem to belong chiefly to this fourth class.

1 Proc. Geol. Assoc, vol. xv (1898) p. 338.
- The conglomerate was seen only in the form of debris at the foot of the

hill.

3 Quart. Journ. Geol. Soc. vol. xxi (1865) p. 87.



Yol. 58.] ASSOCIATED BEDS OF THE MALVEKN HILLS. 97

Owing to the difficulty in ascertaining the precise succession of the

beds, and to the disturbances and faulting which the formation has

undergone, any estimate of the original thickness of the Hollybush

Sandstone must be very uncertain. The combined thickness of the

visible portion of the flaggy beds, and of the sandstones west of them

at White-Leaved Oak, is probably about 225 feet : this estimate

agrees closely with that of Holl, who says that the beds here are not

much more than 200 feet thick.
1 The thickness of the flaggy beds

alone is not less than 75 feet. The inclination of the third set of beds

can be seen only at two places. In one of these green sandstones

dip north-eastward at a considerable angle 2
; in the other, situated

towards the northern end of the large quarry at White-Leaved-Oak,

black quartzites show a north-easterly dip of 60°. 3 If this dip is

maintained throughout the strip, the beds may be as much as 300 feet

thick. The thickness of the beds of the uppermost series on the

northern side of the Hollybush Pass, west of the fault traversing

the sandstone, is about 550 feet ; the corresponding series in the

north-western part of the Raggedstone is x^robably about 650 feet,

an estimate which is near that of 600 feet given by Phillips for

the whole formation. 4 But if, as may be suspected from the

absence of debris of the supposed lower subdivisions, these are faulted

out, and the series here consequently includes only the upper part

of the formation, the thicknesses already suggested for the lower

portions must be added to this value ; this will give a maximum
thickness of nearly 1200 feet for the whole formation. If, however,

as seems probable, certain beds are repeated in the second and third

series, and others in the third and fourth, some deduction must be

made, though not, I think, a great one. I would suggest, therefore,

an estimate of 1000 or 1100 feet, and do not think that the series

can be much less than 900 feet thick.

The following succession may be tentatively suggested :

—

(b) Massive Sandstones.
3. Green sandstones containing Scolecoderma antiqiiissima, with a zone

of dark-green sandstones (with a thin conglomeratic layer), dark-
grey quartzite, and light-grey sandstones containing Scolecoderma
antiqicissima, Kutorgina Phillipsii, Hyolithus fistula, H. primcevus,

H. malvemensis, and probably other species of Hyolithus, together
with Modiolopsis (?J sp. Thickness probably not iess than 650 feet.

2. Grey, dark-grey, or black sandstones and quartzites, alternating with
green and dark-green sandstones (with subordinate conglomerate),
and with a thin impure limestone towards tbe base. Scoleco-

derma antiquissima also occurs in these. Thickness 400 feet (?).

(a) Flaggy and Shaly Sandstones.
1. Flaggy and shaly green sandstones, with one or two thin calcareous

layers and a thin impure limestone
;

passing up into more
massive green, dark-green, or dark-grey sandstones, and down into

1 Quart. Journ. Geol. Soc. vol. xxi (1865) p. 89.
- See dip-arrow a little north of the d in ' White-Leaved- Oak,' Quart. Journ.

Geol. Soc. vol. lv (1899) map, pi. xiii.
3 Ibid. fig. 2. p. 134.
4 Mem. Geol. Surv. Gt. Brit. vol. ii, pt. i (1848) p. 53.

Q. J. G. S. No. 229. h
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greyish-white quartzite (Malvern Quartzite). Fossils : Kutorgina
Phillipsii, Linnarssonia sagittalis, Obolella (?) Salteri,'1 Hyolithus

sp., and Scolecoderma antiquissima. Fossils in the white quartzite :

Obolella (?) Groomii and Kutorgina Phillipsii (?) . Thickness not

less than 75 feet.

(b) Palaeontology.

The fossils recorded from the Hollybush Sandstone by Holl 2

are the following :

—

Scolithus, Scolecoderma (Trachyderma) anti-

quissima, Serpiditesfistula, Lingula squamosa, Lingula sp., Kutorgina
(Obolella) Phillipsii, Obolella 2 spp., and a small bivalve. Murchison 3

records also the following :

—

Lituites sp., Theca sp., Obolella Scdteri,

and annelid-tubes. It is unfortunate that scarcely any of the fore-

going specimens appear to have found their way into the large public

collections. The only fossils from the Hollybush Sandstone that I

have been able to find in these collections are Hyolithus (Serpidites)

fistula and Scolecoderma (Trachyderma) antiquissima.

It appears very doubtful whether many of the specimens recorded

were obtained from the Sandstone (see p. 93), and the generic

value of most of the unnamed species is very uncertain. The only

forms which it seems safe to refer to the Hollybush Sandstone are-

the following :
—

Kutorgina cinaidata, var. Phillipsii

(Holl).

Hyolithus (Orthotheca) fisttda (Holl).

H. primcevus, sp. nov.

H. malvernensis, sp. nov.

Hyolithus, 2 or more spp.

Modiolopsis (?) sp.

Scolecoderma antiquissima (Salter).

Casts of foraininifera.4

IV. The White-Leaved-Oak Shales.

(a) Palaeontology and Thickness.

The Malvern Black Shales appear to have been first detected by
Conybeare. 5 They were subsequently recognized by Murchison, and
doubtfully correlated by him with the Llandeilo Beds. A year or

two later John Phillips " detected Agnostus and other trilobites in

the shales, a discovery which induced Barrande to place the shales

on the horizon of the Lingida-Flzgs and of his ' primordial fauna.' 8

The further discovery by Symonds of Dictyonema socicde, Salter, in the

immediately overlying Grey Shales tended to confirm the antiquity

1 The specimens of Linnarssonia sagittalis and Obolella (?) Salteri, recorded

from the Hollybush Sandstone, have not undergone revision by Mr. Matley.
2 Quart. Journ. Geol. Soc. vol. xxi (1865) p. 89.
3 'Siluria' 4th ed. (1867) App. p. 541.
4 Mr. Frederick Chapman has carefully examined the glauconitic casts of

foraminifera in the Malvern Quartzite and Hollybush Sandstone, and in the

grits of the White-Leaved-Oak Shales, but has failed to identify any of the

genera.
5 Annals of Philosophy, n. s. vol. iv (1822) p. 337.
6

' Silurian Svstem ' 1839, p. 416.

7 Lond. Edin. & Dubl. Phil. Mag. & Journ. Sci. vol. xxii (1843) p. 381 •

and Mem. Geol. Surv. Gt. Brit. vol. ii, pt. i (1848) p. 55.
8 Bull. Soc. Geol. France, ser. 2, vol. viii (1851) pp. 211-12.
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of the series. 1
Still later this was followed by the researches of

Belt in the LinguTa-Flags of North Wales 2
; while the subsequent

investigations of English and Scandinavian geologists have assisted

in further denning the age of the Black Shales, and have shown that

they include beds which must be correlated with the Upper Dolgelly

Beds or upper part of the Lingula-Fl&gs, and represent the zone of

Sphairoplitlialmus alatus, Bceck, and its associates.

The Black Shales are found chiefly in the neighbourhood of the

village of White-Leaved-Oak, and may be termed the White-
Leaved-Oak Shales. They have been subdivided into the

following :—
(4) Upper Black Shales

;

3

(3) Upper White-Leaved-Oak Igneous Band
;

(2) Lower Black Shales ; and
(1) Lower White-Leaved-Oak Igneous Band.

The lowest beds previously recognized are the Lower Black
Shales. Many years ago a shaft was sunk at the southern end of

Raggedstone Hill in beds low down in this series.
4 Symonds,

regarding these shales as situated on the eastern side of the

crystalline axis of the hills, stated that they dip steeply away
from the axis 5

; this must mean that they have an easterly

dip, and are therefore presumably inverted, as elsewhere along

the line of junction with the older rocks of Raggedstone Hill. In
debris (on the southern side of the road) which, I am informed by
an inhabitant, was thrown out of this pit, I failed to find any
fossils, but ' Oleni ' were obtained from the debris thrown out,

together with an Agnostus discovered by Strickland. 6 The latter

trilobite, at first identified by Salter as Agnostus pisiformis, was
afterwards separated by him under the name of Agnostus princeps,

and regarded as a new species allied to the former.7 This supposed

species, as Mr. Lake and myself endeavour to show on p. 119 of

this paper, has apparently resulted from a confusion by Salter of

Agnostus pisiformis with A. trisectus. All the Malvern examples of

Agnostus from the Black Shales preserved in the collections known
to us, including an « Agnostus pisiformis* in the Strickland Col-

lection at Cambridge, appear to be typical specimens of A. trisectus.

The shales in question, long supposed to form part of the zone of

A. pisiformis, therefore belong to the zone of A. trisectus (to which
Peltura scarabceoides, Splicerophihalmus alatus, and Otenopyge are

also limited), and, like the overlying portion of the Black Shales,

must be correlated with the Upper Dolgelly Beds, and not with
the Lower Lingula-Fl&gs.

I have, however, detected at another spot beds belonging

1
' Old Stones ' 2nd ed. (1884) p. 27,

2 Geol. Mag. 1867, p. 536.
3 Quart. Journ. Geol. Soc. vol. lv (1899) p. 159.
4 ' Old Stones ' 2nd ed. (1884) p. 27 ; see also TG-. H. Piper] Trans. Woolhope

Nat. Field Club, 1893-94, p. 22.
5

< Old Stones ' 2nd ed. (1884) p. 27.

See Murchison's 'Siluria' 1st ed. (1854) p. 92.
' Mem. Geol. Surv. U. K. dec. xi (1864) p. 1

.

h2
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horizon evidently below that of Peltura. Suspecting the presence
of shales at the north-western corner of Chase-End Hill, I caused

excavations to be made which resulted in the discovery of Black
Shales (M257) interbedded with thin bands of coarse, very dark-
grey quartzose grit and invaded by one or two sills of igneous rock

(M 1 1 7). The series constitutes the

Lower Igneous Band. The
grits vary from seams a fraction

of an inch thick to bands 8 inches

thick. Like the Hollybush Sand-

stone, they contain glauconite, but

are generally appreciably coarser

than the black and dark-grey

varieties of that formation. The
shales at this point are in contact

with the Hollybush Sandstone,

but the actual junction is obscured

by the decay of the rocks on either

side. The dip of the shales is

uniformly high, and varies about
10° on either side of the vertical.

Lithologically the shales are indis-

tinguishable from other portions

of the White-Leaved-Oak Series.

The thickness of the series, ex-

clusive of the sill M 117, is about

30 feet (fig. 2) ; but it is possible

that higher shales belonging to

the same series occur south-west

of this sill. A complete lack of

exposures, however, precludes an
examination of the beds for some
distance in this direction.

Excavations over the whole
outcrop carried on for several

days, with the aid of a man and
boys, resulted in the discovery

of perhaps a thousand fossiliferous

fragments, many of which showed
a number of fossils. The pre-

vailing fossil is Polyphyma Lap-
vjorthi, Groom, 1 a fossil which is

probably allied to ' Beyrichia '

Angelini, Barrande, and of which
several hundreds of recognizable

individuals were obtained. These

were associated with a much smaller number of a small ostracod

somewhat resembling Leperditia. Some of the layers are very

rich in the remains of hexactinellid sponges, most or all of
1 Quart. Journ. Geol. Soc. vol. lviii (1902) p. 83.
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which are referable to Protospongia fenestrate^ Salt. These are

accompanied by numerous flat, and sometimes striated, carbonaceous

markings, possibly of vegetable origin : a single imperfect specimen

of a finely- striated species of Agnostus was also obtained. Brachio-

poda are fairly abundant, and the following have been identified by

Mr. C. A. Matley :—Many examples of Acrotreta (?) Sabrince, var. mal-

vernensis nov. (figs. 11-14, p. 143); a few specimens of Kutorgina

cingidata, var. jmsilla, Lnrs. (figs. 19 & 20, p. 147) ; and a single

example very doubtfully referred to Lingidella Nicholsoni, Call.

These shales and grits may be regarded as constituting the zone

of Polyphyma. The fossils are most abundant towards the middle

of the zone, above, below, and between the grits ; and very few
have been obtained in the upper layers.

The Lower Black Shales are actually exposed only in the

village of White-Leaved Oak and in the fields immediately to the

north-west, where they have served for many years as the chief

hunting-ground for collectors. They are well exposed along the

footpath leading from the village to Fowlet Farm (M 222) ; here

they commonly dip north-eastward at a high angle. No interbedded

igneous rocks are seen in the shales near the village, which are of a.

deep bluish-black colour. Bands in these shales have afforded almost

uniformly in abundance the following :

—

Splicer•ophthalmus cdatvs,

Bceck, 1 and Ctenopyge bisulcata, Phill. ; less common are Peltura

scarabceoides, Wahlenberg -
; Ctenopyge pecten, Salt., and Ct.

flagellifer, Ang. ? Still more rare are Lingula (?) pygmcea, Holl,

and OboleUa (?) Salteri, Holl. In the field to the north-east, close to

the junction of the Black Shales with the Hollybush Sandstone,

further exposures (M 222j) have afforded many specimens of

Sphcerophthcdmus alatas and Ctenopyge bisulcata ;
also a few of

Peltura scarabceoides, together with Ctenopygeflagellifera or Ct,pecten.

The fauna is thus similar to that seen along the footpath below ;

and if these beds, together with those of the old pit be included, the

Lower Black Shales must be some 250 feet thick.

The Upper White-Leaved-Oak Igneous Band consists

largely of olivine-basalts interbanded with dark shales, which are

often bleached white, or indurated by the action of the igneous rocks.

The shales of the series are best exposed in the road at White-Leaved
Oak, in the lane leading southward from the village, and along the

footpath to Fowlet Farm at some distance from the village. Tri-

lobites are mentioned by Symonds as occurring in the baked shales

of the last-mentioned locality 3
; and I have obtained an abundance

of Sphcerophthalmus cdatus, together with Ctenopyge sp., from the

debris of Black Shales (M 218) on the ridge constituting the north-

eastern boundary of the ' Valley of White-Leaved Oak.' The frag-

ments here include pieces of a remarkable dark-grey shelly limestone

1 Olenus humilis, Phillips, is a synonym of this species.
2 Conocephalus malvemianus, Phillips, is a synonym of this species.
3 ' Old Stones' 2nd ed. (1884) p. 30~.
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with a conchoidal fracture. Excavations made in the plantation

(numbered 125m on the 25-inch Ordnance Survey-map), where
alone the fragments have been found, failed to reach the rock, owing
to the thick covering of debris of basalt and Black Shale, and to

the dense undergrowth and numerous roots. The limestone may
possibly occur in the form of discontinuous nodules. The fossils

obtained from it included Obolella(l) Salteri?, 1 Murchisonia(?) sp.,

Glyptarca jprimceva, Hicks ?, and numerous smaller organisms.

Microscopic examination revealed to Mr. Frederick Chapman a num-
ber of species of foraminifera, together with ostracoda, echinoderm-

spines, and sponge-spicules (?).
2 When the parent rock has been

reached the above list will probably be augmented, for the fragments

of limestone obtained were crowded with fossils, large and small.

The total thickness of the Upper White-Leaved-Oak Igneous Band
is about 300 feet, of which the basalts probably constitute the

greater part.

The Upper Black Shales are exposed at the foot of the small

escarpment, formed by the igneous band that traverses the north-

eastern portion of Pendock's Grove ; also in the road leading south-

westward from White-Leaved Oak ; but the best exposure is seen

in the lane leading southward from the village. I obtained here

(M270) SpTiceraphthalmus alatus (abundant), Ctenopyge bisulcata,

and Agnostus trisectus. The total thickness of the Upper Black

Shales may be estimated at about 150 feet.

The Lower and Upper Black Shales, and the included Upper
White-Leaved-Oak Igneous Band, accordingly all belong to the zone

of Sphcerophtliahnus and the associated forms. But it must be added

that no fossils have been obtained from the uppermost layers of the

Upper Black Shales.

Apart from the localities mentioned in the foregoing pages, the

only place at which I have succeeded in finding traces of organic

remains is in the small faulted patch of Black Shale in Pendock's

Grove (M 223 a), where a doubtful specimen of Limiarssonia Belli

occurred. But it may be noted that in the well-sinking at West
Malvern the Black Shales reached afforded ' Olenus,' i Conocoryphe^

and ' Lingulella.' 3 It should be remarked also that in most places

the shale appears to be nearly or quite unfossiliierous, the fossils

being largely confined to certain bands. Examples of most of the

species mentioned above may be seen in the Museums at Oxford,

Cambridge, Malvern, and Worcester. The Malvern collection

includes also a doubtful crushed orthoceratite.

Among the fossils previously recorded from the Black Shales, the

following are enumerated by Holl 4
:—Fragments of a large trilobite,

1 This species is very doubtfully referred by Mr. Matley (see Appendix, p. 140)

to Obolella (?) Salteri, Holl ; I am disposed to regard it as distinguished from

the latter by its greater obesity and by the larger size attained.
2 Quart. Journ. Geol. Soc. vol. lvi (1900) p. 257.
3

' Midland Naturalist ' vol. x (1887) p. 198.
4 Quart. Journ. Geol. Soc. vol. xxi (1865) p. 91.
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a minute bivalve, Qytheropsis sp. now, and Spondylobolus (?) sp. No
descriptions of these fossils have appeared, and none of them,

if represented at all in the large collections, are labelled. Their

identification is therefore a matter of impossibility. A specimen of
1 Spondylobolus ' is figured by Phillips l

; this is possibly one of the

species of Acrotreta described in the Appendix to this paper by
Hr. C. A. Matley(pp. 142 et seqq.). Phillips also recorded and figured

Olenus pauper, sp. now, but gave no description of the fossil (he. cit.).

The specimen is still in the Museum at Oxford : it is evidently a

member of the Splicerophthalmus-growp, and is too imperfect for

certain determination, but I think that in all probability it is an

immature Splxerophthalmus JlageUifer."
The identification of the Llandeilo species Agnostus Maccoyi,

Salt., by Phillips (Joe. cit.) is in the highest degree uncertain. In all

probability the species is Agnostus trisectus, which has been confused

with A. pisiformis, which in its turn was at first confused with

A. Maccoyi. Great doubt, moreover, attaches to Olenus micrurus and
0. serratus, both recorded by the Rev. G. E. Alackie.3 Murchison
records also Kutorgina cingulata from the Black Shales. 4 In all

probability this name has been accidentally interchanged with that

of Obolclla Salteri, which, though known at the time to occur in the

Black Shales, does not appear in the list ; while the reverse is the

case with Kutorgina cingulata.
5

It appears, therefore, advisable to

omit altogether from the list the species enumerated above, especially

since the precise horizon to which they belong is uncertain, owing
to the fact that the White-Leaved-Oak Shales and the Bronsil Shales

have both been included under the name ' Black Shales.' The list of

fossils, thus amended, obtained from the zone of Sphceropjhthalmus and
its associates may for the present stand as shown on pp. 109, 110.

The total thickness of the White-Leaved-Oak Shales is probably

somewhat over 800 feet, of which the olivine-basalts constitute

perhaps some 300 feet. The zone of Sphairophthalmus alatus, with

some 500 feet of shale, and with 200 feet of basalt, makes up the

greater part of this thickness.

1
« Geology of Oxford & the Valley of the Thames ' 1871, p. 68.

2 So far as can be seen, it agrees with this form in the free cheek and cheek-

spines ; the glabella, with very good illumination, is seen to be divided by
furrows arranged much as in this species; the pleurte, with their short deflexed

spines, also resemble those of Sph. jlagellifer, and the last body-segment seen is

provided with a dorsal spine ; but the number of segments visible in this

apparently complete specimen is 7, or possibly 8, the first being perhaps
obscured.

3 'Malvern Field Handbook' 1886.
4

' Siluria ' 4th ed. (1867) App. p. 541 : sub nom. Obolclla Phillipsii.
5 The variety of Kutorgina, cingulata recognized as K. Phillipsii must have

been meant. A different variety, K. pusilla, has recently been obtained by me
from the Lowest Black Shales (see p. 101).
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(b) Lithology.

Except where bleached or indurated by igneous action, the beds
of the zone of Sphcerophthalmus alatus are almost always soft, very
fine-grained, minutely micaceous, fissile, black or coal-black, or very
dark-grey shales, so closely jointed as to break at the slightest tap
into small tabular pieces. It is, in fact, almost impossible to obtain

a durable specimen of even moderate size.

The grits of the zone of Polyphyma vary from medium to coarse

grain ; they are practically in the condition of quartzite, often with
concealed joints. The fragments consist chiefly of quartz, ineta-

morphic quartzite, and decomposed felsites. (ilauconitic casts of

foraminifera are present in fair quantity. The finer-grained

varieties closely resemble the dark quartzites of the Hollybush
Sandstone.

In the village of White-Leaved Oak an almost identically similar

rock was used, evidently many years ago, for road-metal. It differs

from the grits described above in the prevailingly somewhat finer

grain, and could hardly have been obtained from the locality in which
these are found, inasmuch as they can be reached only by excavation

in an old pathway and are not present in sufficient quantity to

furnish road-metal. But I failed, after assiduous search and inquiry,

to trace the road-metal to its source. At first, it seemed possible that

the rock belonged to the Hollybush Sandstone Series, in which there

is much dark-grey and black sandstone ; but no sample of the sand-

stone precisely resembling this black grit could be found, and I finally

obtained from the road-metal pieces of grit with Black Sbale still

clinging to the beddiug-surface—a clear proof that the grit belongs to

the White-Leaved-Oak Shales. In all likelihood the road-metal came
from the shales of the village-road itself, and I think it possible that

it is in site. We have, then, some evidence either that a patch
belonging to the zone of Polyphyma has been faulted-up into the

overlying shales near White-Leaved Oak, or that grits similar to

those of that zone occur also in the zone of Peltura.

(c) Relation to Underlying and Overlying Formations.

The striking contrast between the Hollybush Sandstone and the

White-Leaved-Oak Shales seen everywhere, even along the line of

contact, and the circumstance that along the greater part of this

junction the Hollybush Sandstone is of the dark type supposed to

characterize a low horizon in the formal ion (see p. 96), suggests

that beds are missing along the line of contact, owing either to

unconformity or to faulting. The recent discovery at the northern

extremity of Chase-End Hill of the grits of the Polyphyma-zone
(see p. 100) appeared to suggest that the beds containing them
might be near the base of the Black Shale Series ; but the possible
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occurrence of similar grits in the overlying shales (see p. 104) takes

away some of the force of this argument. The relations at Chase-

End Hill between the two formations at the actual junction (fig. 2,

p. 100) are compatible with the existence, either of an unconformity

or of a fault. The circumstance that the grits contain no fragments

of Hollybush Sandstone or of Malvern Quartzite favours the view

that the base of the AVhite-Leaved-Oak Shales is faulted out ; and
this view seems to be further strengthened by the similarity of the

fine grits to the black varieties of the Hollybush Sandstone.

The junction of the Black Shales with the overlying Grey Bronsil

Shales and their sills of basalt is well defined, and probably rather

abrupt, but is nowhere actually exposed. 1 The occurrence of a band
of rather dark-grey shale in the Coal-Hill belt tends to diminish

the contrast between the two series, and there seems no reason

to believe that the upper series follows the lower otherwise than

conformably.

(d) Summary.

To summarize the results set forth in the foregoing pages, the

White-Leaved-Oak Shales may be divided into

(a) A lower series of Black Shales with dark glauconitic grits, not

less than 30 feet thick—the zone of Polypliyma—charac-

terized by the abundance of Polypliyma Lapivortlii, together

with Protospongia fenestrate^ and the brachiopods Acro-

treta (?) Sabrince var. malvernensis, Kutorgina cingulata

var. pusilla, and by a dearth of trilobites.

(6) An upper series of Black Shales, including a foraminiferal

limestone (? in the form of nodules) at one horizon, and
possibly dark grits at another. This series—the zone of

Splieerop>lithedmus alatus, etc.—is characterized by the

presence of Spli. alatus, Ctenopyge bisulcata, Ct. p>^cten,

Peltura scarabceoides, Agnostus trisectus, Obolella (?) tialteri,

and Lingula(?)p)i/gmcea in the Black Shales, and by Obolella

(?) Salteri and Spirillina Groomiana and other foramini-

fera, etc., in the limestone.

V. The Broxsil Shales.

The Grey Shales, to which I would propose to apply the name
Bronsil Shales, occupy a relatively considerable area west of the

Southern Malverns, and are by no means limited to the small tri-

angular area spoken of by Holl. 2 They are usually of a light-blue,

light-green, or yellowish tint : rather dark shales occur in some

places, and are difficult to distinguish from similarly coloured

1 Compare map in Quart. Journ. G-eol. Soc. vol. lv (1899) pi. xiii.

2 Ibid. vol. xxi (1865) p. 92.
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varieties of the White-Leaved-Oak Shales ; but, on the whole, the

distinction in colour between the two series is very marked.
The Bronsil Shales have already been divided into 1

:

—

(4) Upper Grey Shales

;

(3) Coal-Hill Igneous Band
;

(2) Lower Grey Shales ; and
(1) Middle Igneous Band.

The shales of the lowest band are nowhere actually exposed,

the intercalated basalts alone being visible; but plenty of shale-

debris is associated with the latter along the north-eastern border of

Pendock's Grove, and more is seen on the ridge lying north-east of

Coal Hill. Fossils appear to be rare, and are obtainable only with

great difficulty in the small pieces of shale available. The only kind

found was a small imperfect Lingulella, from the north-eastern corner

of Pendock's Grove (M 231). The total thickness of the series is

about 300 feet.

The overlying Lower Grey Shales, some 250 feet thick, are

also very imperfectly exposed. They may be seen at the corner

of a cottage-garden towards the foot of Chase-End Hill, but no fossils

were detected here. In the debris (M 252) south of the garden two
imperfect lingulelliform brachiopods were obtained, and at another

spot to the north-east a species of Lingulella was found. In both

places many examples of Tomaeulum problematicum, gen. et sp. nov.

(tigs. 32-35, p. 126) were collected.

The sedimentary beds of the Coal -Hi 11 Band consist chiefly of

Grey Shales, frequently baked yellowish-white, or much indurated.

A good exposure of these may be seen in the garden of Coal-Hill

Cottage (M 182), at the north-western end of Coal Hill. 2 Other

exposures are seen along the path immediately above the cottage,

and along the same path at the south-eastern end of Coal Hill.

Sections of some of the upper beds are also to be seen in a cottage-

garden by the roadside south of Coal Hill, and at a point on the road

a little farther south (H 261). In all these exposures the shales are

interbanded with thin sills of diabase. Fossils are rare ; but in the

dark-grey shales at the spot last mentioned, and in the debris from

the upper light-coloured beds of the band along the path skirting

the south-western border of Coal Hill, Dictyonema sociale, Salt.,

was obtained. The spot last-mentioned also yielded to the Pev. G.E.

Mackie a specimen ofLinnarssonia Belli (Dav.) and numerous examples

of 'Tomaeulum problematicum. In the shales which accompany one

of the Bronsil igneous bosses (M 248), and probably immediately

underlie the basalt, numerous specimens of Dictyonema sociale,
3

i Quart. Journ. Geol. Soc. vol. lv (1899) p. 159.
2

Ibid. pp. 158 etc.

a These and other specimens haye been kindly examined for ine by Miss E.

M. K. Wood, who has provisionally identified them with Salter's species.
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Salt., have been obtained. The thickness of the Coal-Hill Band in

the southern part of the district is about 250 feet, the shales alone

being perhaps 100 feet thick.

The Upper Grey Shales are well exposed in two spots : namely,

in the bed of the stream, south of Bronsil (M 159), and at the south-

eastern corner of Chase-End Hill (M 275). In the first-mentioned

locality the only fossil obtained was the rib of a trilobite • the

Chase-End exposure yielded a specimen containing an Asaphid tri-

lobite (pygidium and part of thorax) agreeing, so far as can be seen,

with Plaiypeltis Croftii, Call., together with what seems to be a

portion of the head of Parabolindla (?) triartlirus, Call.; but Dictyo-

nema sociale, Salt., is the most abundant fossil. This small section

has long been known as a locality for Dictyonema, which was first

discovered here by Symonds. The thickness of the Upper Grey

Shales in the southern part of the district may be estimated at

about 500 feet.

Shales probably belonging to this horizon were revealed in

excavations made by me, on either side of the path half way
between Eowlet Earm and Martins; and others are sometimes

imperfectly exposed in the ditch along the main road, close to

Bronsil Lodge. Loose fragments obtained close to Martins

(M156) yielded in abundance Lingulella Nicholsoni, Call., and

Acrotreta Sabrince, Call.; and grey shales (M 155) from the road-

side due north of Fowlet Earm yielded a fine specimen of Obolella(?)

Salteri.

Besides the fossils recorded above from the Bronsil Shales, addi-

tional species have been obtained by the prolonged researches of

Grindrod and others, and are to be seen in the Museums at Oxford,

Jermyn Street (London), Malvern, and Worcester. In the Grindrod

Collection at Oxford a number of specimens are preserved, which
(as I am informed by the present Dr. Grindrod) were obtained from

the well-known small exposure of Dictyonema-shales at Chase-End
Hill (M 275),

l to which allusion has just been made. These include

some fragments of Asaphids, probably referable to Platypeltis

Croftii, Call.
2

(fig. 29, p. 122), Niobe Homfroyi, Salt. (fig. 31,

p. 125), and Asaphellus ciffinis, McCoy (or A. Homfrayi, Salter),

Acanihopleurella Grindrodi, Groom 3
; an Olenid, probably referable

to Olenus (Parabolinella ?) triarthrus, Call. ; Lingula (?) sp. (fig. 9,

p. 142) ; and Acrotreta sp. cf. A. Nicholsoni (fig. 10, p. 142). A
specimen of dark shale labelled ' Malvern,' and probably collected

from the Bronsil Shales, contains Niobe (?) sp., near i Ogygia 'peltata

(fig. 30, p. 123). In dark-grey, minutely micaceous pieces of shale

1 See map in Quart. Journ. Geol. Soc. vol. lv (1899) pi. xiii.

2 Ibid. vol. xxxiii (1877) p. 660.
3 Geol. Mag. 1902, p. 70.
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labelled ' Upper Elack Shale

'

1 Mr. Matley recognizes the following- :

—

Acrotreta sp., cf. A. socialis (figs. 15 & 16, p. 144) ; Lingulella sp., cf.

L. petalon(figs. 7 & 8, p. 141), and LinnarssoniaBelti(?), In precisely

similar pieces of shale in the Worcester Museum, labelled ' Elack
Shale,' Mr. Matley finds Acrotreta sp., cf . A. socialis, and Lingulella (?)

sp. The same collection contains an imperfect Olenid and Hyolitlius

assulatus, sp. nov. (fig. 26, p. 119), which probably came from a dark
band in the Bronsil Shales. In the Museum of Practical Geology,

Jermyn Street, specimens labelled ' Dictyonema-sh&le ' include Obo-

lella(?) Salteri, Lingulella sp., cf. L.petalon, and Linnarssonia Belti

(figs. 17 & 18, p. 145). In the collection belonging to the Malvern
Field Naturalists' Club at Malvern College are fragments of Grey
Shale containing the following :

—

Gheirurus Frederici (figs. 27 & 28,

p. 120) ; an Agnostus indistinguishable from A. dux, Call. ; an
Asaphid (Platypeltis Oroftii?); and an imperfect Olenid. Dr. Calla-

way is stated 2
to have recognized Macrocystella Ifarice, Call., in a

piece of grey shale in the collection of the late Dr. Piper ; but no
specimens referable to this form appeared to exist when I examined
the collection shortly before Dr. Piper's death, and Dr. Callaway
informs me that he has no recollection of ever seeing the specimen
in question.

The fauna of the Bronsil Shales may, for the present, stand as

shown in the table on p. 110.

With regard to their lithology, the shales are of a light bluish-,

greenish-, or yellowish-grey colour, micaceous, and very fissile, but

apparently of somewhat coarser grain than the Black Shales, and at

the same time firmer and less closely jointed. Some dark-grey

shales occur in the Coal-Hill igneous band.

The total thickness of the Bronsil Shales and diabases may be put

down at about 1300 feet (it is possibly even greater at the extreme
southern end of the district) ; and if, out of the 550 feet representing

the combined thickness of the two igneous bands, 250 feet be attri-

buted to the shales, the total thickness of the Bronsil Shales alone

will amount to 1000 feet, and that of the diabases and basalts to

300 feet. It is, however, necessary to note that higher beds of the

original series have almost certainly been removed by the denudation

which preceded the deposition of the May-Hill Sandstone ; so that

the Tremadoc Series may have been originally more than 1000 feet

thick. It is possible, indeed, that some of these upper beds still

remain uncovered by the May-Hill Sandstone at the southern end

of this district, though not exposed, and that the Upper Grey
Shales may be more than 500 feet thick.

1 The term ' Upper Black Shale ' refers to the Bronsil Shales (Grey Shales).

I have not succeeded in finding a rock that quite agrees in character with these

pieces, either in the Black or Grey Shales ; but, apart from their rather dark

colour, the fragments resemble the Grey rather than the Black Shales.
2 Geol. Assoc. Eec. of Excurs. 1860-1890 (1891) p. 412.
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Oholella (!) Groomii, sp. nov

Orthotheca fistula (Holl)

Foraminifera (glauconitic casts")

Hollybush Sandstone.

Kutorgina Phillipsii (Holl)

Linnarsson ia sagittalis, Salter ?

Orthotheca fistula. (Holl)
' Hyolithu.< primacus, sp. nov
H. malvernensis, sp. nov
Hyolithus, 2 or more spp
Coleoloides (?J sp .

Scolccodermo. antiquissima (Salter)

Modiolopsis (!) sp

Foraminifera ( claucouitic casts)

ZONE OF PoLYPHYMA.

Polyphyma Lapivorthi, gen. et sp. nov. ...

Small ostracod ,...

j

Protospongia fenestrates, Salter

;

Agnostics sp

Acrotreta (!) Sabrince, var. malvernensis,

nov
Kutorgina cingidata, var. pusilla, Linrs.

.

'< Lingidella Nicholsoni, Callaway ?

Plant-remains (?)

< Zone of SpH.EROPHTH.iL.irrs azatus, etc.

Spheeropktkalmus alatus, Boeek .....

( ienopyge b^sulcata, Phill

Gt.pecten,S&U
' Peltura scarabeeoides. Wabl.
Agnostics trisectus, Salt . . .

Oholella (?) Salter i, Holl
IAnquletta pyqmea, Holl
Lingulella sp

Linnarssonia Belti (Dav. ?)

Hyolithus assulatus, sp. nov
Orthoceras (?) sp
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LlMESTONE-NODULES FROM THE ZONE OF
SPHJEBOFHT1IALMIS ALATUS.

Obolella (?) Saltcri, Holl
Murchisonia (!) sp

Grlyptarca primesva, Hicks?
Ostracoda
Echinoderni-spines

Sponge-spicules

Spirillina Groomiana, Chapman
Crhiellaria sp., cf. Cr. acutiauricularis,

Fichtel & Moll
MarginuUna sp., cf. M. sohita, Reuss ...

Dentalina sp., cf. D. abnormis, Reuss
Glandulina (!) sp.,cf. 67. ])ygmcea, Terq.

Lacjcna (<pvis, Montagu
L. apiculata, Reuss
L. ovum. Ehrenberg

Bronsil Shales.

Bictyonema sociale, Salter

Tomacul'mn problematicam, gen. et sp.nov.

Lingulella Isicho/soiii, Callaway
Acrotreta (!) Sabrince, Callaway

Acrotreta sp., cf. A. socialis, yon Seebach.

Acrotreta sp., cf. A. Siehokoiti, Dav. ...

Linnarssuii ia Belti, Dav
Obolella (!) Saltcri, Holl

Lingulella (?) sp

Lingula (!) sp

Hyolith us assula tits, sp. nov. l

Agiiostus dux, Callaway
Cheirurus Frederici, Salter

Platypcltis C 'roftii, Call. ?

Asaphellus affi?iis, McCoy ?

Parabolinella (!) triarthrus, Call. ?

Acanthoplcurella Grindrodi, Groom ...

Kiobe (?) sp., near O.pcltata, Salt. 1
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VII. Description of the Hyolithid^e, Trilobita, etc.

(a) Hyolithidee.

Theca (or Hyolitlms) was recorded by Murchison from the Holly-

bush Sandstone and Malvern Quartzite many years ago,
1 and again

from the Hollybush Sandstone by Prof. Lapworth. 2 But with the

single exception of Serpulites fistula, Holl, hitherto not recognized

as one of the Hyolithidee, no specimens of Hyolithus from these

beds appear to exist in the collections known to me. In the

field specimens are very difficult to obtain, those collected being

nearly all from debris in two localities where the rock is not

exposed. They are, moreover, commonly in the condition of frag-

mentary casts. Had it been likely that further material would be

forthcoming, it would have been preferable to await the discovery

of better specimens than those obtained ; but since, owing to the

practical exhaustion of the proper debris, this is not likely to occur

for a long time to come, it has been thought advisable to describe

the material already collected.

Hyolithus (Orthotheca) fistula (Holl). (Figs. 1-9, pp. 112-13.)

The original specimens from which Serpulites fistula was de-

scribed appear to have been lost, but examples presented by Holl

may be seen in the Worcester Museum. The species is thus

described by HolP :

—

' Cylindrical, straight, tapering very gradually to a point; shell thin, smooth.

Length 1 inch to 1^ inch ; diameter about 1 line.'

The fossil has all the appearance of being a Hyolithus. A large

number of specimens collected in the field enable me to give more
precision to the foregoing definition. Transverse sections vary from

nearly circular to very broadly oval ; occasionally, a slightly greater

flattening on one side appears to indicate the dorsal surface. The
largest specimens seen measure 2'5 mm. in diameter, and the

smallest about 0*25 mm. Taking the smaller diameter as unity,

the larger diameter varies from 1*05 to 1*28, the average of twelve

examples giving 1*137 mm. The angle of divergence of the sides

commonly varies from 3C
to 5°, but occasionally sinks below 1°.

Fragments with a diameter of less than 0*5 mm., and possibly not

belonging to Hyolithus fistula, show scarcely any taper 4
: thus a

fragment 16 mm. in length (the longest seen) varies little from
0'25 mm. in diameter. The shell is thin. The internal cast

appears to be quite smooth, but the exterior of the shell is marked
by closely-set, fine, transverse striae of growth.

The operculum is probably represented by four incomplete

1
' Siluria ' 4th ed. (1867) App. p. 541.

2 Proc. Geol. Assoc, vol. xv (1898) p. "338.

3 Quart. Journ. Gfeol. Soc. vol. xxi (I860) p. 102.
4 It is possible that some of these very slender fragments belong, either to

Coleoloides or to Hyolithellus.



Figs. 1-6.—Hyolithus (Orthotheca) fistula (Holl). From the grey

Hollybusk Sandstone of Raggedstone Hill.

1. CxS diam.) 3. (x8 diam.) 4. (X4 diam.)

R

2. (xSdiam.)

5. f X i<> diam.)

6. (X 14 diam.)

Fig. 1 .— Fragment of tube measuring 2 mm. in diameter; fig. 2, transverse

section of the same.
3.—Fragment of a gently tapering tube, showing transverse striae.

4.—Fragment of a slender tube, the greater part of which is represented

by an external cast. Doubtfully referred to Hyolithus fistula,

possibly belonging to Hyolithellus or to Coleoloides.

Figs. D & 6.—Transverse sections of two tubes of H. fistula, to show the

variation in shape.
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be

^

%

specimens, the most perfect of which (fig. 7) is an internal cast

showing a large well-defined oblique cone, marked by very fine

radial striae, and apparently also by indistinct traces of concentric

lines of growth. The cone is situated on an apparently subcircular

platform, from which the some-

what overhanging apex rises

sharply. The apex of the cone

does not extend to the edge of

the platform. The transverse

and dorso-ventral diameters of

the operculum probably mea-
sured about 1*72 and 1*65 mm.
respectively, the relative pro-

portions being 1*40 : 1. The
measurements thus agree with
those made on the tube itself.

The rather thick shell itself

is seen in the counterpart of

the specimen.

The internal cast of a second

specimen (fig. 8) is essentially

similar in shape, but the cone is

less sharply marked off from the

platform. In a third specimen

(fig. 9) the conical part of the

shell itself is preserved, and
shows closely-set, fine, radial

lines, and less regular con-

centric lines of growth.

Occurrence: Common in

the Grey Hollybush Sandstone

of Eaggedstone Hill (M 439,

443), associated with Hyolitlius

malvernensis, H. primcevus,

Kutorgina Phillipsii,etc. Two
\ •:/._.-x y

7
/ specimens were also obtained

"~
-'--

---^ __,---' / from the debris of the Malvern
Quartzite (M244c). The

***V— ---'"' species has been, moreover,

recorded by Dr. Callaway from

the Hollybush Sandstone of Shropshire, 1 and by Prof. Lapworth

from the Lower Stockingford Shales. 2

Hyolitlius fistula appears to belong to Holm's subdivision
4 Teretes' (Lower and Middle Cambrian) of the subgenus Ortliotheca.

It seems to be intermediate, to a certain extent, between OrtJioilieca

corneolus, Holm, on the one hand, and the remaining 'Teretes'

(0. Hermilini, Holm, 0. teretiuseulus, Linnarsson, and 0. stylus,

Holm) on the other. From the forms last mentioned it is dis-

1 Quart. Journ. Geol. Soc. vol. xxxiv (1878) p. 759.
2 Geol. Mag. 1886, p. 548.

Q. J. G. S. No. 229.



Figs. 10-15.—Hyolithus malvernensis, sp. now.

10. (xSdiam.t 12. (x7 diam.)

1

13.

11.

15.

14. (x 12 diam.)

Fig. 10.—Ventral view; fig. 11, a & b, sections of the same specimen, taken

towards the mouth and apex respectively.

12.—Ventral view of another specimen ; fig. 13, transverse section of the

same.

14.— Dorsal view of a specimen, measuring 2 -5 millimetres at its broadest

part ; fig. 15, transverse section (towards the smaller end) of the

same.
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tinguished by its smaller diameter; and from 0. corneolus by its

greater length. The angle of divergence is smaller than in any of

these forms, but not so small as in the American Hyolithellus.

Htolithus malvernensis, sp. nov. (Figs. 10-15, p. 114.)

Type-specimen (fig. 10).—Shell straight ; length seen, 8 mm.
;

breadth indicated, 3 mm. ; angle of divergence of the sides near

the apex = about 43°, decreasing to about 17° towards the mouth,

average angle = about 22°. Ventral side uniformly convex, semi-

circular in section ; dorsal side gently convex, but becoming slightly

flattened at the sides ; towards the apex uniformly convex ; lateral

angles well-marked. Surface apparently showing faint traces of

longitudinal and transverse lines on the dorsal side. Taking the

dorso-ventral diameter as unity, the remaining diameter is 1-69,

or near the apex 1-9 mm. Mouth not preserved. Operculum un-
known. .

In a second fragment (fig. 14), measuring 2'0 mm. across at the

broader end, the angle of divergence is also about 22°; and in a

third about 15j°. In a fourth specimen (fig. 12) the width towards

the mouth (3'75 mm.) is greater, the angle of divergence (about

14°) is somewhat less, the convexity of the ventral side is more
pronounced, and the transverse and longitudinal lines are distinct,

both on the dorsal and ventral sides. [A fragment of a fifth specimen

(M 470), previously overlooked, is 5 mm. in length ; the dorsal

side alone is exposed. It measures 5 mm. in breadth towards

the mouth, and the angle of divergence is 13°. A portion of the

external cast of this specimen clearly shows a series of closely-set,

strongly-curving lines of growth, which indicate that the oral margin
formed a prominent arch. A less distinct system of closely-set

longitudinal lines is visible over the whole breadth of the shell.

—

January 11th, 1902.']

The transverse sections vary somewhat in the different speci-

mens, and in different parts of the same specimen. Taking the

shorter diameter as unity, the longer measures 1*08 mm. and 1*68

respectively (in the second and fourth specimens to which reference

has been made).

The species is characterized among the Cambrian forms of

llyolithvs by its large angle of divergence, but more particularly

by its shape as seen in transverse section. It belongs evidently to

Holm's section ' Dorsi-lineati* (H. Nathorsti, Holm) of the subgenus
Byolithus, but differs from H. Nathorsti of the Lower Cambrian in

the flattening of the lateral margins, and obviously also in the

greater development of the longitudinal lines in the middle of the

dorsal side. The curvature of the lines of growth on the dorsal side

is about as great as in H. Nathorsti}

All the specimens were obtained from the Grev Hollybush Sand-
stone of Kaggedstone Hill (M 439, 443, & 470).

"

1 Holm, Cverigcs Geol. Undersokn. ser. C, no. 112 (1893).

l2
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Hyollthtjs, sp. a. (Fig. 16.)

A large imperfect specimen (now lost) has the ventral side

raised into a < blunt keel, which
Fig. 16.—Hyolithus sj). a. becomes less marked towards the

Transverse section at the mouth. The transverse section some-

smaller end. what resembles that of H. mal-
vernensis, but- the depth is greater,

the proportions of the vertical and
horizontal diameters being 1 to 1*4.

Indications of longitudinal and trans-

verse striation are seen, as in that

species, but the angle of divergence

(6°?) appears to be much less. Length
seen, 16 mm. ; breadth towards the

mouth, 4*7 mm.
Occurrence : In the grey Hollvbush Sandstone of llaggedstone

Hill (M 439).

Hyolithus, sp. b.

A large imperfect example. Length preserved, 9 mm. ; breadth

towards the mouth, not less than 5 mm. Dorsal side (alone exposed)

showing, in addition to indistinct traces of longitudinal striation,

five or six shallow longitudinal grooves, with intervening gentle

ridges, impressed upon the internal cast. Angle of divergence,

apparently 13° or 14°.

Occurrence: In the grey Hollybush Sandstone of Raggedstone
Hill (M 443).

Hyolithus peim^vus, sp. nov. (Figs. 17-24, p. 117.)

Type-specimen (figs. 17 & 18).—-Ventral side semicircular in

section ; dorsal side flat ; lateral angles well-rounded. Breadth

towards the mouth, 3 mm. ; length preserved, 6J mm. : proportion

of vertical to horizontal diameter of the cross-section, 1 : 1*4 ; angle

of divergence, about 10° or 11°
; surface apparently nearly smooth.

In a second specimen (fig. 20) the angle of divergence is 11°
;

the ventral side is raised into a median blunt keel
;
proportion of

width to depth, 1 : 1'4.

In a third specimen (fig. 19), measuring about 3*25 mm. in

breadth towards the mouth, the ventral side is more convex than

in the two foregoing specimens, the proportion of depth to width

being 1 : 1/4 ;
and the dorsal side shows a very shallow median

depression.

The ventral, and perhaps also the dorsal, side of the shell in this

specimen exhibits faint indications of longitudinal and transverse

striation, seen also in several other imperfect specimens apparently

belonging to the species under consideration.

The foregoing specimens were all obtained from the grey Hollybush

Sandstone (M 439, 443). Others, agreeing in form, were found in

the Malvern Quartzite (M 244 c). In one (figs. 21-23), an internal



Figs. 17-24.- -Hyolithus primnevus, sp. nov.

17. (xSdiam.) 18. 19. (X 12 diam.)

24. (X6 diam.)

21. (x 5 diam.)
•I

Fig. 17.—Dorsal view of a specimen, part of the shell of which is preserved.

From the Hollybush Sandstone (M 443).

18.— Transverse section of the same.
Figs. 19 & 20.—Cross-sections of two other individuals from the same locality.

Fig. 21.—Dorsal view of an internal cast. From the Malvern Quai'tzite

(M 244 c) ; figs. 22 & 23, transverse sections of the same, taken at

the broad and narrow ends respectively.

24.—A second internal cast from the same localitv.
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cast, having a length of 12 mm., and a breadth of 6'5 mm. towards
the mouth and of 4 mm. towards the apex, the relative proportion

of depth to breadth is 1 : 2 at the larger, and 1 : 1*8 at the smaller

end, and the angle of divergence is 11°.

In a second internal cast, 12*5 mm. in length (fig. 24), the

breadths towards the mouth and apex respectively are 4 and 2 mm.,
and the angle of divergence 12°.

A third internal cast, with the same angle of taper, gives a length

of 5-5 mm., and a breadth of 3 mm. towards the mouth.
Any markings originally present are not preserved on external

casts of specimens from the Malvern Quartzite, several of which
were obtained. The maximum length of this species was evidently

not less than 3 cm., or li inches.

The species probably belongs, either to Holm's section ' Dorsi-

lineati ' of the subgenus HyoUthus, or to the ' Complanati ' in the

subgenus OrthotJicca, among .which it seems to present considerable

resemblance to 0. communis. Billings, of the Lower Cambrian.

The very flat dorsal side, the well-rounded angles, the uniform taper

of 11° or 12°, and the size, together seem to define the species.

Htolithus (?) sp. c.

A fragment of a large species, apparently of HyolitJius. Length
preserved, 11 mm. ; breadth towards

the mouth, not less than (3 mm. Sec-

tion elongated, lenticular (crushed);

lateral angles rounded. Surface ex-

posed (apparently dorsal) gently arched,

showing transverse striations of growth,

which follow the slightly curved oral

margin, part of which is preserved.

Obtained from the grey Holly-

bush Sandstone of Raggedstone Hill

(M443).

Hyolithus (?) sp. d. (Fig. 25.)

Represented by a single internal

cast. Length seen, 17 mm. ; breadth

towards the mouth, not less than

4 mm. The surface exposed (dorsal ?)

is marked by a broad longitudinal

ridge, which is apparently median,

and is marked by one prominent

raised line, and by traces of others.

One lateral margin, apparently com-

plete, is convex, and shows a rounded

angle.

Fig 25.—Hyolithusf.?

;

d. ( X 4 d'uan.)

[From the greenish-grey'Hoily-

bush Sandstone of Ragged-
stone Hill (M 443).]
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Htolithus assulatus, 1
sp. nov. (Fig> 26.)

An apparently nearly complete individual, the dorsal side of

which alone is exposed. Shell straight : length indicated, 4'5 mm.

;

breadth at the oral end, 3'25mm.

;

Fig. .26.—Hyolithus assulatus, angle of divergence, about 40°.

sp.nov. ( x 6 diam.) Ventral surface slightly arched,

„_ apparently quite smooth. Oral

;;;fj3
margin gently curved. Sides, for

y
about two-fifths of their length,

furnished with a strong conical

bar. Occurrence, probably in the

dark shales of the Dictyomma-

beds, but possibly from the Black

tif Shales (zone of Sphcerojphthalmus).

The only specimen is in the

Worcester Museum.
. The small size, the rapid attenua-

tion, and the lateral bars, con-

[From the Upper Cambrian Shales jointly distinguish this species

of Malvern.] from any hitherto described. It

appears to approach most nearly

to H. tardus, Barr., from the Lower Devonian of Bohemia, 2 but

differs in the smaller size and larger angle of divergence. It

also resembles H. expansus, Holm, from the Silurian of SAveden, 3

but is much smaller and more obtuse.

(b) Trilobites etc. from the Black and Grey Shales.

(a) Black Shales.

Xo new trilobites have been certainly detected in the Black

Shales, but in connection with the species Acjnostus trisectus, Salt.,

A. prmceps, Salt., has been subjected to a revision by Mr. Philip

Lake, M.A., F.G.S., and myself.

Agxosttjs trisectus, Salter.

1864. A. trisectus, Salter, Mem. Geol. Suvv. dec. xi, p. 10 & pi. i, tig. 11.

1864. A. princeps (pars), Salter, ibid. p. 1, pi. i, figs. 1-5.

18—. A. Turneri, Salter MS. Cat. Cambr. & Sil. Foss. Mus. Pract. Geol. p. 12.

1880. A. trisectus, Tullberg, ' Agnostus-Artevna,' Sver. Geol. Undersokn. ser. C,

no. 42, p. 24 & pi. i, fig. 13.

After having examined all the specimens of Agnostv.s from the

Malvern Black Shales in the Woodwardian Museum, Cambridge,

the Museum of Practical Geology, Jermyn Street, and the University

Museum, Oxford, we have come to the conclusion that all, or at least

all that are identifiable, must be referred to the species described

1 Lat. assula = splint.
2 Novak, Abhandl. d. k. Bohm. Gresellsch. d. Wissenschaften, ser. 7, vol. iv

(1891) p. 27.
3 Sveriges Geol. Undersokn. ser. C, no. 112 (1893) p. 76.



Fig. 27.—Cheiruvus Erederici, Salter. ( x5| diam.)

[External cast of part of head and thorax. From the Bronsil Shales, Southern

Malverns. The specimen is to be seen in the Museum at Malvern.]

Fig. 28.—Cheirurus Frederici. ( X 4h diam.)

[Head and part of thorax restored, by means of tracings from a earnera-lucidou

drawing, of the specimen illustrated in fig. 27.]
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by Salter as A. trisectus. The species A. princeps appears to have
been founded ivpon imperfect specimens of A. trisectus from the

Upper Lingula-Fliigs of Malvern, etc., and of another form (probably

A. pisiformis) from the Lower Lingula-Flags of other districts.

The foregoing paragraph was written some years ago, and since

that time Prof. W. C. Brogger has referred to Agnostus princeps in

the following terms :

—

' Agnostus princeps, Salter, is a species which is supposed to occur both in the
" Upper Lingnta-Fhgs" and in the (Lower and Upper) Treinadoc. But it

seems probable that different species have here been included under one name.' 1

It will be seen that this conclusion is in harmony with that

drawn by Mr. Lake and the present writer. It follows that Agnostus

princeps, which has long occupied a prominent position in our list

of Cambrian fossils, must disappear.

(5) Grey Shales.

Apart from the characteristic Dictyonema socicde, fossils are rare,

and no trilobites or other organisms have hitherto been recog-

nized from the Bronsil Shales, with the exception of Platgpeltis

Croftii, Call., and Shumardia salojnensis, Call., both recorded by
Dr. Callaway. I have recently recognized in the form referred to

the last-mentioned species the type of a new genus and species

—

Acanthopleurella Grindrodi.- A. few other trilobites, for the most
part fragmentary, are preserved in the collections at Oxford, Jermyn
Street (London), Malvern, and Worcester; and others have been
obtained by me. Some of these, to which allusion has been made
in the text of the paper, are too imperfect for description; of

the rest, two have been submitted to Mr. P. Lake, who is jointly

responsible with myself for the following notes on Cheirurus Frederici

and Platypeltis Croftii.

In the Malvern Collection is a good fragment of the head of the

imperfectly-known Cheirurus Frederiei, Salter (fig. 27), the length

of which is 5 mm., and the original width probably 16 mm. The
specimen is found in Grey Shale.

Chejrtjrfs Frederici, Salter. (Pigs. 27 & 28, p. 120.)

1862. Salteb, ' Brit. Trilob.' Monogr. Palseont. Soc. p. 74 & pi. v, figs. 18-21 : 1866.
Mem. Geol. Surv. vol. iii, p. 322, pi. viii, figs. 1-3 & text-fig. 10, p. 323.

Head depressed, crescentic, marginate. Glabella quadrate, much
narrower than the cheeks, reaching to the front margin ; axial

furrows almost parallel ; three pairs of nearly transverse lateral

furrows. Cheeks wide, scrobiculate. Eyes and facial suture appa-
rently placed very far forward ; consequently the free cheeks are

extremely small.

Thoracic axis narrow, about two-thirds the width of the pleura?.

Pleura? convex, deeply grooved.

The specimen here described is evidently from the Malvern Grey

1 Nyt Mag. for Naturvidensk. vol. xxxvi (1898) p. 201.
2 Geol. Mag. 1902

; p. 70.
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Shales, and is now in the Malvern Museum. It agrees closely

with Salter's description, but is much smaller, and differs also in

the arrangement of the glabellar

Fig. 29.—Flutypeltis sp.

cf. Croftii, Call.

furrows, which according to Salter

are radiate. Salter's specimens, how-
ever, are much compressed, and but
little confidence, therefore, can be

placed in this character.

\

[Part of right-hand side and
front of head, with labrum,

X 8 diam. From a spe-

cimen in the Grrindrod

Collection, labelled ' Lictyo-

nona -shales, Malvern.']

Platypeltis sp. cf. Croftii, Call.

(Fig. 29.)

Represented in the Grindrod Col-

lection, University Museum, Oxford,

by a free cheek, together with a portion

of the rest of the head, including one
eve and part of the labrum. The
margin of the head is broad and was
evidently prolonged behind into a genal

spine. The eye is large, crescentic, and
facetted, and is situated near the front

of the head. Externally to the eye,

and separated from it by a well-marked

groove, is a rounded ridge, narrow in

front, but broadening out behind.

If, as Brogger suggests, 1 the name
Platypeltis^ Call., be reserved for a

subgenus of Syn\physurus, distinguished

by the possession of genal horns, the

form under consideration probably be-

longs to this subgenus. The Malvern

specimen is closely allied to, if not

identical with, Platypeltis Croftii, Call.

It is, however, larger than any of the

examples of the latter species seen by
either of us.

The specimen is labelled ' Dictyo-

nema-sh&les (= Bronsil Shales), White-
Leaved Oak.'

Xiobe (PTYcnocnEii/us)? sp. (Fig. 30.)

Head unknown.
Thorax. — Probable length and

breadth, -I and 7*5 mm. respectively.

Portion of eight rings preserved. Axis

well- defined, fairly convex, narrow,

occupying about one-quarter of the

total breadth, narrowing slightly be-

hind. Pleurae narrow, straight for the

Nyt Mag. for Naturvidensk. vol. xxxvi (1898) pp. 220 & 221.



Vol. 58.] ASSOCIATED BEDS OF THE MALVERN HILLS. 123

whole of the length seen, flat ; with grooves starting at the axis and

running straight towards the ends of the pleuise, which are not

preserved.

Pygidium.—Relatively large, semi-elliptical, shorter than the

thorax
;
probable length and breadth, 3*5 and 6- 7 mm. respectively ;

Pig. 30.—INiobe (?) sj). External cast of part of the pygidium and

thorax. ( x8 diam.)

A

"[From a specimen in dark-grey shale, labelled ' Malvern,' in the University

Museum at Oxford. Probably obtained from the Bronsil Shales, Southern
Malverns.]

eomposed of more than five segments. Axis well-defined, fairly

convex, narrow, tapering towards the posterior margin, which
probably it nearly reaches : anterior part of axis clearly segmented
into four rings : posterior part segmented indistinctly in front, but

not behind. Limb gently convex
;

margin fairly broad, faintly

striated, marked off from the rest of the limb by a faint

depression. Five ribs present in front, the most anterior of which
are the strongest, and just reach the marginal rim ; hinder part

of limb not distinctly segmented.

This small fossil is represented in the Oxford Collection by a

single external cast in dark shale, labelled ; Malvern'; it probably

came from a dark band in the Dictyonema-shales. 1

The general characters are those of the species of ' Ogygia'' found
in the Arenig and Tremadoc Beds of Wales, such as Ogygia. peltata,

1 This specimen, after being drawn, was unfortunately broken in two during
transit, and one portion was lost.
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Salt.,
1

0. Selwynii, Salt.,
2 and 0. marginata, Crosfield & Skeat.

3

It also approaches such forms as ' Ogygia ' jjroducta, Hall &
Whitfield, of the Quebec Group,4 and 'Asaphus' Wirthi, Barr.

(pygidium), from the Tremadoc of Hof. 5 The Brousil form differs,

however, from all of these in several respects. It comes nearest,

perhaps, to ' Ogygia ' peltata. From this species it differs in the

small size and imperfect segmentation of the pygidium, and in the

axis being narrower, and apparently prolonged farther towards
the hinder margin of the pygidium.

According to Brogger, 0. peltata is not an Ogygia, but probably

a true Niobe ; and the same may probably be said of ' Ogygia r

Lignieresi* ' Ogygia ' producta,1 and AsapJius Wirthi. 8 The same
author throws doubt on the possession of genal horns by ' Ogygia *

peltata. They are, however, shown with sufficient clearness in the

original specimen from which Salter's fig. 8, pi. xvii (' Monograph
of British Trilobites') is taken, and which is still preserved in the

Museum of Practical Geology, Jermyn Street. The figure, though
condemned by Salter himself, is sufficiently good in this respect.

The labrum agrees even more closely with that of such forms as

JSiobe insignis, Lnrs. than would appear from Salter's figure (op. cit.

pi. xxv*, fig. 3), or from Novak's figure. If, therefore, Brogger's

suggestion, 10 that the name Ptychocheilus should be applied to horned
species of Niobe with the typical labrum of that genus, be adopted,

Novak's reference of ' Ogygia'' peltata to Ptycliocheilus would appear

to be justified.

Niobe Homfrayi, Salter (?). (Fig. 31, p. 125.)

Niobe Homfrayi, Salt., is probably represented, in the Grindrod

Collection at Oxford, by two imperfect specimens from the Bronsil

Shales of the Southern Malverns. In one of these (fig. 31) the

characters seen agree with those of this species. It is only perhaps in

the labrum that the Malvern species may differ from N. Homfrayi.
This structure, though imperfectly preserved, shows much the same
form and dimensions as those described by Salter in the latter species,

but the anterior lobe appears to be raised up in front into an oval

eminence, which, however, is not improbably adventitious. The
form shown by the labrum approaches thai: seen in the oldest

Scandinavian species of Niobe and Ogygia. 11 especially that of the

last-mentioned genus; but it appears to be a little more elongated, and

1 J. W. Salter « Brit. Trilob.' Monogr. Palaeont. Soc. (1864-83), pp. 135-36,
177-78. - Ibid. pp. 136-37.

3 Quart. Journ. Geol. Soc. vol. lii (1896) p. 538.
4

• U.S. Geol. Explor. 40th Parallel' vol. iv (1877) p. 244 & pi. ii, figs. 31-34.
5 Neues Jabrb. 1868, p. 680.
- Nyt Mag. for Naturvidensk. vol. xxxvi (1898) pp, 170 & 171.
' Ibid. p. 228. H Ibid.-p.2V2.
:1 Beitriige zur Palaeont. Oesterreich-Ungarns u. des Orients, vol. iii (1884)

p. 33.
10 Nyt Mag. for Naturvidensk. vol. xxxvi (1898) p. 219.
11 Brogger, Bihang t. Kongl. Svenska Vet.-Akad. Handl. vol. xi (1886) no. 3,

pp. 46 et seqq.
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seems almost as acutely pointed behind as in Megalaspis rotundata,

Aug., or M. grandis, Sars.
1

Novak, reiving on Salter's figure, has classed Niohe Homfrayi,
Salter, as an Ogygia. Brogger, however, suggests that Salter's

figure is imper-

Fig. 31.—Mobe Homfrayi, Salter. ( x5 diam.) feet, and that the

From the Bronsil Shales, Southern Malverns. labrum may in

reality agree with

that of Niobe
insignis, Lnrs., a

species which JY.

Homfrayi much
resembles in ge-

neral appearance.

I have examined
the only labrum
of JV. Homfrayi
that I have been

able to find (Mu-
seum of Practical

Geology, Jermyn
Street): it is prob-

ably that figured

by Salter himself.

It much resembles

the labrum of

Ogygia dilatata,

but is more ovate,

and has a much
more prominent
median tooth,

apparently either

truncated at the

end, or with a

pointed tooth like

that of the Mal-
vern specimen,

now broken off.

The anterior lobe

is large and ovate

;

the lateral mar-
gins are appa-

. rently narrow
;

and the maculae are connected by a transversely oval, prominent

posterior tubercle, well-defined by furrows both in front and behind.

The anterior wings appear to be short. The labrum much resembles

that of Ogygia.

It follows that so far from being ; kaum specifisch verschieden
'

1 Brogger, Bihang t. Kongl. Svenska Vet.-Akad. Handl. vol. xi (1886) no. 3,

pi. ii, figs. 26 & 27.



Pigs. 32-35.—Tomaculum problematicum, gen. et sp. nov. from
the Bronsil Shales, Southern Malverns. Reproductions of
photographs.

33. (x 7 diam.)

32. (x 7 diam.)

>/?«

f xi'> (ftazn.J

34. (x 10 diam.)

Fig. 32.—Two small patches of individuals in relief.

33.—A portion of a string of individuals, partly in relief and partly in the

form of external casts.

34.—A portion of the same figure, illuminated differently and more highly

magnified.

35.—A group of three individuals in relief (internal casts).
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from Niobe insignis, Lnrs. as Brbgger suggests, Niobe Homfrayi y

Salter, differs essentially in the form of the labrum. The remaining

characters are, however, as Brogger points out, those of a Niobe}

Tomactiltjm problematic cm, gen. et sp. nov. (Figs. 32-35, p. 126.)

In the Malvern Dictyonema-shales a number of small sausage-

shaped bodies have been detected at several spots by me, and

many additional examples have been collected and kindly placed

at my disposal by the Jiev. G. E. Mackie. They are found in a

grey, minutely micaceous shale. The constancy in size and shape

ot* these bodies points, with a certain amount of definiteness, to

their organic nature. They are occasionally isolated, or in groups of

two or three (fig. 35), but are usually collected together in elongated

patches, or in short, broad, or narrow, more or less irregularly

curved or bent strings, which are flattened in the plane of bedding.

The longest fragment of such a string seen is about 15 mm. in

length, and must contain at least 40 or 50 of the bodies ; in other

fragments, part of one of which is shown in fig. 33, a length of

10 to 15 mm. is visible, and in this length some 25 bodies can be

counted. In these strings and patches the bodies are orientated in

all directions : in some cases they are closely packed together, and
piled up one over the other ; in others the texture is looser, and the

bodies appear to be disposed in a single layer.

The individuals are cylindrical in shape, with circular section,

and broadly rounded and equal ends ; the breadth is about one-third

of the length. The average length of 14 of the most perfect-

examples measured was 1*50 mm., and the average breadth of 13
of these 0*53 mm. ; the smallest among them measured 1*23 and
0-45 mm. in length and breadth respectively; the corresponding-

measurements of the longest individual were 1*72 and 0-52 mm. ;

four, however, were somewhat broader, the breadth of three of

these being about 0-67 mm. : these, however, are possibly a little

flattened by pressure. One individual, larger than any of these

14 or than any others seen, measured 2*03 by 0*75 mm. The
many remaining examples do not appear to depart greatly from
the average size. The external surface appears to have been
smooth, although the internal cast sometimes shows faint indications

of longitudinal and transverse striation. The test was apparently

thin, but does not seem to be preserved in any case.

The nature of these bodies is very problematical ; their small

size and shape suggest that they are either the excreta or the eggs

of some animal. The frequently excellent preservation of the form
indicates that the body was provided with a resistant covering,

and this, as well as the fairly constant size, and perhaps the

arrangement in clusters, favours the latter of the two alternatives.

Very similar bodies, occurring in a similar manner, have been

described by Barrande, who has regarded them as the eggs of

1 Bihang t. Kongl. Sveiiska Vet.-Akad. Hand], vol. xi (1885) no. 3, pp. 57 &58„
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trilobites.
1 The chief reasons for this view are, the nearly constant

size and shape, the delicate, opaque, external black pellicle, and
their frequent association with trilobites; one kind, indeed, is con-

stantly associated with Phacopsfecundus, Barr. Moreover, one group
of these bodies was found in a head of Barrandia crassa, Barr.

Barrande distinguishes eggs of three sizes : firstly, those measuring

4 to 5 millimetres ; secondly, those measuring 2 mm. ; and thirdly,

those not more than J mm. in diameter. The Malvern examples

agree in size with those of the third group.

In most cases the bodies described by Barrande were spherical,

but in many instances they were ovoid or cylindrical. The examples
found at horizon d 3 near Leiskov and at horizon d 1

at Wosek are

stated to be constantly cylindrical. The Malvern specimens agree

closely in form with those in Barrande r

s pi. xviii, figs. 31-33.

The trilobites found in the Malvern Dictyonema- shales are

enumerated in the table on p. 110.

Despite the uncertainty of the systematic position of the egg-like

bodies described above, it seems desirable for the present to recog-

nize them as distinct forms ; and I would propose for them the

name of Tomaculum probJematicum.

VIII. Correlation of ttie Beds described with those

of other Areas.

(a) The Brcmsil Shales.

The Bronsil Shales have long been correlated with the 'Dictyo-

nema-heds ' of North Wales and other districts ; their resemblance

to the Shineton Shales, in particular, has been pointed out by
Dr. Callaway. 2 Concerning the fossils other than Dictyonema which

serve for comparison with other areas, the following remarks may be

made:

—

Liiinars*o)iia Bdti appears to be confined in Wales to the

Lower Tremadoc. 3
Niobe, Homfrayi is apparently found only in

the Lower Tremadoc, and in the passage-beds between this and the

Upper Tremadoc* Lingulelta Nichohoni, Aerotreta Sabrince (typical

variety), ParaboUnella triarthrus, Agnostus cIilv, Platypeltis Croftii.

and Asaplidlas affinis are found in the Shineton Shales. Of these,

the four last mentioned either resemble, or are identical with,

species occurring in the Ceratopyrj <?-beds of Norway, which are the

recognized equivalents of the British Tremadoc.' Asaphellus affinis

is found also in the Tremadoc and Arenig of NorthrWales
; and

Cheirurus Frederici is chiefly characteristic of the Upper Tremadoc

of Wales, but also occurs in the passage-beds between this and the

1
' Systenie Sil. clu Centre de la Boheme' pt. i, vol. i (1852) pp. 276 et scqg.,

and vol. i, suppl. (1872) pp. 429 et seqq.

- Quart. Journ. Geol. Soc. vol. xxxiii (1877) pp. 660, 661.
:i T. Davidson, ' Brit. Foss. Brachiop. ' Monogr. Palseont. Soc. vol. iii (1871)

p. 341.
1 Mem. Geol. Surv. Gt. Brit. vol. iii, 2nd ed. (1881) p. 359.

^ W. C. Brogger, NytMag. for Naturvidensk. vol. xxxvi (1898) p. 194.
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Lower Tremadoe, and in the Arenig. 1 This form, moreover, is

represented by an allied species (Cheirurus foveolatus, Ang.) in the

Upper Ceratopyge-bed of Norway. 2 Niobe (Ptychocheilus) peltata,

Salter, of the Tremadoe and Arenig of Wales, is also represented in

the Bronsil Shales by an allied or identical species. These facts

leave no doubt that the Bronsil Shales contain a typical Eidoma-
Xiobe fauna, and that, at all events in the main, they correspond to

the Lower Tremadoe of North Wales. The occurrence of Oheirurus

Frederki may, however, indicate that a zone as high up as the

passage-beds between the Lower and Upper Tremadoe is represented.

Furthermore, it is possible that the highest Bronsil Shales, which
are largely concealed, and have hitherto yielded no recognizable

species, may belong to the Upper Tremadoe.
The occurrence of Dictyonema socicde, Salter, in company with a

definite Tremadoe fauna is paralleled elsewhere. The Dictyonema-

shales of North Wales were grouped in 1867 by Belt,3 and in 1881

by Prof. Lapworth, with the Lower Tremadoe, rather than with

Dolgelly Beds, or Upper Lingula-Yla,gs.
i

It is true that some of

the beds containing Dictyonema sociale have been placed by Salter

& Etheridge in the Upper Lingida-Flags 5

; but it would appear

that, with, one doubtful exception, the fossils recorded as accom-
panying Dictyonema sociale are of Tremadoe type. They include

Lingulella lepis, Salt.,
7 Symphysunis ( Psiloceplialus) innotatus, Salt.,

N'whe Homfrayi, Salt., and ' Ogygia ' sp.
8

; and in such instances

the beds have been referred to the Tremadoe. On the other hand,

Dictyonema socicde is recorded from dark slates which have been
termed ' Upper Lingida-Flags.' The characteristic ' Upper Lingula-

Ulag ' fossils, such as SpTicerophihalmus alatus and Peltura scarabce-

oides. however, appear to occur in the lower part of the dark band ;

and it is expressly stated that Dictyonema socicde is found only in

the uppermost beds, at the point where the black slates of the
* Upper Lingida-Fl&gs ' give place to the greyer overlying beds. 9

Mr. P. Lake & Prof. S. H. Reynolds, moreover, find in the neigh-

bourhood of Dolgelly the zone of Dictyonema sociale in dark slates

well above the widely-spread band of black and dark slates (' Upper
Z <Yt7 >i?a -Flags') which contain the Dolgelly fauna ; they have ob-

tained from the black slates themselves Acrotreta Sabrince, Call.,

a characteristic Shineton and Malvern form. The evidence, then,

appears to be in favour of including all the slates of North Wales

1 Mem. Geol. Surv. Gt. Brit. vol. iii, 2nd ed. (1881) pp. 359 & 521.
2 ~Xyt Mag. for ^aturvidensk. vol. xxxvi (1898) p. 233.
3 Geol. Mag. 1867, p. 542.
* Ibid. 1881, p. 320.
: Mem. Geol. Surv. Gt. Brit. vol. iii, 2nd ed. (1881) pp. 86, 344, 349, 350,

354, & 536. ,J Ibid. p. 343.
7 Lake & Eeynolds, Quart. Journ. Geol. Soc. vol. Iii (1896) p. 514.
8 Mem. Geol. Surv. Gt. Brit. vol. iii, 2nd ed. (1881) pp. 86 & 358; see also

pp. 91,344, 354, & 356.

Ibid. pp. 86. 349, & 536. It may be seen, too, in the list (op. clt. p. 350) of
localities for fossils of the ' Upper Lingula-Ylags ' that when Dictyonema
sociale is recorded, it does not appear in association with the remaining fossils.

Q. J. G. S. No. 229. k
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from which Dicbyonema sociale has been recorded, in the Tremadoc,
in spite of the darker colour of the lower beds.

It maybe pointed out further that, in Shropshire and in Northern
Herefordshire, the shales containing Dictyonema sociale lithologically

resemble the Tremadoc Beds of Shropshire which do not contain

this fossil. The Diciyonema-be&rmg shales of Malvern 1
are for the

most part of the same type, though some of the beds show a rather
dark-grey colour.

On the Continent most writers have followed Angelin, who placed

the beds containing Dictyonema flabelliforme, Eichw., in his ' Begio
Olenorum ' 2—the Olenus-s\m\es of later authors. Linnarsson, who
first recognized the Dictyouema-shales as a distinct division,

3
regarded

them as constituting the uppermost division of the ' primordial

fauna'; and most other Scandinavian geologists have adopted
the same classification. Brbgger, however, while sharing this

view, admitted that the Dictyonema-shales might quite well have
been grouped with the Ceratopyge-shales.* This course was, later,

definitely advocated by Moberg, 5 who has, moreover, recently offered

fresh evidence in support of it.
G

I understand that Senhor IMgado
and Dr. Tornquist 7 have also expressed themselves in favour of the
same view. The latter, indeed, adds that

' This proposition . . . will, possibly, prove practicable in foreign countries,

too.'

This suggestion appears to be borne out by the evidence adduced
above from the British areas.''

A few words with reference to the classification of the rest of the

Tremadoc Beds may not be out of place here. In Britain the line

between the Cambrian and Ordovician (or Lower Silurian) has
commonly been drawn either between the Lower and Upper
Tremadoc, or at the base of the Arenig. Mr. J. E. Marr,
however, stated in 1883 ° that

' if a break is to be drawn at all on palrcontological grounds, it should be
drawn at the base of the Tremaclor, and not of the Arenig Series.'

1 Quart. Journ. Geol. Soc. vol. xxxiii (1877; p. 660.
- ' Palaiontologia Scandinavica ' p. iii (publ. 1854), 1878.
3 Geol. Foren. Stockh. Forhandl. vol. ii (1874-75) pp. 273, 274, & 282.
4

' Die Silur. Etag. 2 & 3
' 1882, p. 156.

3 Sveriges Geol. Undersokn. ser. C, no. 109 (1890) pp. 1-9.
G Geol. Foren. Stockh. Forhandl. vol. xxii (1901) p. 523.
7 Lunds Universitets Arsskrift, vol. xxxvii (1901) sect, ii, no. 5, p. 8.
8 It may be remarked that Dictyonema sociale, Salt, is commonly regarded

abroad as identical with D. flabelliforme, Eichw. It is further to be noted that
in ]S'ew Brunswick, while I). flabelliforme is found at what is apparently the
same horizon as B. .sociale and 1) . flabelliforme in Europe (that is, immediately
above the zone of Peltura and its associates), a variety also occurs in the
Peltura-zone, and possibly as low down as the zone of Farabolina spinulosa

See G. F. Matthew, Canad. Eec. of Sci. vol. iv (1890-91) pp. 342 & 343.
'J 4 Classif. Cambr. & Silur. Bocks.' Sedgw. Prize Essay for 1882 (publ

1883) p. 23.
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Continental geologists, following the lead of Linnarsson in 1869,
have also grouped the foreign equivalents of the Tremadoc Series

with the Ordovician rather than with the Cambrian. Prof. Brogger

has strongly advocated this view. 1 He points out that while the

Euloma-Niobe fauna (Tremadoc) has marked peculiarities which
entitle it to rank independently of the Arenig, it nevertheless

presents a prevailingly Ordovician facies, due to the appearance of

many of the characteristic Ordovician genera. Much may be said

in favour of this view. The Malvern area, it is true, does not

throw much new light on the question, but the somewhat frag-

mentary fauna of the Bronsil Shales shows the same peculiarities as

those that characterize the Euloma-Niobe fauna elsewhere, and thus

permits the extension of Brogger's generalizations to an additional

area. I am, accordingly, inclined to endorse cordially the view

held by Prof. Brogger and others, and to group the Tremadoc Series

with the Ordovician, but with the reservation made by Moberg, that

in so far as the Dictyonema-heds may be regarded as

forming a definite zone, they should be grouped with
the Tremadoc, and that the line between the Cambrian
and the Ordovician should therefore be drawn below,
instead of above these beds.

(b) The White-Leaved-Oak Shales.

The upper, and by far the greater part of the Malvern Black

Shales belong to the zone of SpTicerophthalmus alatus, Peltura scara-

bozoides, Ctenopyge pecten. and Agnostus trisectus.

The underlying shales with Polyphyma Lapworthi evidently

correspond to the lower part of the Oldbury Shales of Warwickshire,

in which Prof. Lapworth speaks of this form [? ' Beyrichia '] as

perhaps the most abundant fossil.
2 They may also possibly be the

equivalents of the Swedish zone of 'Beyrichia' Angelini (a species

probably congeneric with Polyphyma Lapworthi 3
), which is situated

below that of Peltura scarabcuoides. This would be in harmony
with the apparent absence of the zones of Agnostus socialis and

A. pisiformis from the Malvern area, which may be faulted out. On
the other hand, Polyphyma Lapworthi appears to be specifically

distinct from 'Beyrichia' Angelini, and it is, moreover, possible

that Agnostus pisiformis may occur in the concealed shales which

overlie those containing Polypjhywa. The occurrence of the mainly

Menevian (and Lower Lingula-'Fla.g) genus Protospongia, and of

Rutorgina pusilla, in the zone of Polyphyma also supports the view

that this zone underlies that of Agnostus pisiformis ; for K. pusilla,

in Sweden, is characteristic of the zones of Paradoccides Forch-

hammeri and Agnostus Icevigatus. It seems most probable,
therefore, that the lowest black shales seen in the

1 Nvt Mag. for Naturvidensk. vol. xxxvi (1898) pp. 236 et seqq.
2 Proc. Geol. Assoc, vol. xv (1898) p. 347.
3 Quart. Journ. Geol. Soc. a ol. lviii (1902) p. 83.

i2
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Malverns belong to the uppermost part of the Para-
do xidi an. Further light on this question may be expected from

the Nuneaton area, in which Polypliyma Lapworthi and Agnostus

jnsiformis both occur.

(c) The Hollybush Sandstone.

The fossils obtained from the Hollybush Sandstone do not afford

much aid in determining the precise horizon of this formation.

Dr. Callaway long ago regarded it as the equivalent of the very

similar Hollybush or Comley Sandstone of Shropshire. 1 The passage

in each area down into an underlying quartzite tends to support

this view. In Shropshire the basal beds of the sandstone have
yielded to Prof. Lapworth OleneUus and Paradoxides? The some-
what similar basal flaggy, shaly, and calcareous sandstones of

Malvern have not yielded either of these forms, but contain the

associated Lower and Middle Cambrian form Kutorgina cingulata,

and other fossils. The probabilities are, therefore, that
the base of the Cambrian is represented also at Malvern.
The overlying sandstones contain Kutorgina cingidatavax. Phillipsii,

and Hyolith asfistula (which also occurs in Shropshire), together with
other Hyolithidae, all of which are apparently new : three of the fossils

also occur in the Hollybush Quartzite. Moreover, Hyoliihus fistula,

H. malvernensis, H. primcevus, and perhaps other species of the

same genus, appear to be most closely related to forms which
characterize the Lower and Middle Cambrian beds of other countries

(see pp. Ill et seq</.). These facts, together with those mentioned
on pp. 101 & 131, indicate that much or the whole of the
Hollybush Sandstone belongs to the zone of Para-
do.vides, rather than to the Li?igula-Yla,ga, with which
it has generally been correlated.

Prof. Lapworth was disposed to correlate both the Hollybush
Sandstone and the Comley Sandstone with the Camp-Hill Quartzite,

or upper division of the Hartshill Quartzite of Nuneaton. 3 The
occurrence of shaly beds at the base, and their passage down into

the underlying quartzite, is in harmony with this view, but no fossils

have been obtained from the Camp-Hill Quartzite itself. The lower
portions of the two formations in the Malvern and Nuneaton districts

are comparable in thickness, the 50 or 60 feet, chiefly shales, in

the last-mentioned locality being represented by 75 feet or more of

thin flags and sandy shales. The differences seem to consist mainly

in the greater thickness, and more arenaceous and giauconitic (but

less calcareous) character of the Malvern beds. Considering the

lithological differences, the poverty of the Malvern beds in fossils,

as compared with the richer fauna of the Hyolite-limestone, is,

perhaps, not surprising.4 In the upper portions of the two series

compared, some of these differences are in the same direction, but

1 Quart. Journ. Geol. Soc. vol. xxxiii (1877) p. 652.
2 Geol. Mag. 1891, p. 529.
3 Proc. Geol. Assoc, vol. xv (1898) p. 344.
4 Ibid. p. 343.
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are immensely exaggerated : the upper, like the lower, Hollybush

Sandstones are very glauconitic, and they include conglomerates
;

moreover, a thickness of about 50 feet of quartzite at Nuneaton is

replaced in the Malverns by possibly twenty times that amount of

sandstones and quartzites. Considering this great difference,

together with the absence in the Malverns and in Shropshire "of

shales resembling the Purley Beds or lowest division of the Stocking-

ford Shales (which rest directly on the Camp-Hill Quartzite), it seems

possible that these shales are in part represented by the upper

portion of the Hollybush Sandstone and of the Comley Sandstone.

This hypothesis would be in harmony with the behaviour of the asso-

ciated beds, in so far that the sandy material of the Malvern district

would be replaced by shales in the Nuneaton district. The upper

part of the Hollybush Sandstone, however, contains no shales such

as might possibly on this hypothesis be expected to occur. Here
again, perhaps owing to the great difference in facies, palaeontology

fails to throw much light on the question ; but it may be noted

that Hyolitlius fistula, which is the most abundant species in the

Hollybush Sandstone, has also been detected in the Stockingford

Shales by Prof. Lapworth. 1 The view suggested here is, I think,

rather strongly supported by the fact that the lowest black shales

in the Malverns include bands of dark glauconitic grit, the finer

examples of which greatly resemble some of the darker varieties of

the Hollybush Sandstone ; this not improbably indicates that the

Malvern Black Shales originally passed down by alternation into the

Hollybush Sandstone. The circumstance that PolypJiyma is found

in the oldest black shales both at Malvern and Nuneaton, taken

together with this presumed passage in the Malverns, seems further

to indicate that only a small portion of the sequence at the

northern extremity of Chase-End Hill is faulted-out.

(d) The Malvern Quartzite.

The Malvern Quartzite agrees in position with the Wrekin
Quartzite, and probably with the Lower Quartzites of Nuneaton,

and all three are lithologically very similar. In each area there is

probably a passage upward into the overlying Cambrian beds.

The Malvern Quartzite has the distinction, among British quartzites

of this age, in alone presenting fossils other than worm-tubes. It

contains in places abundantly, Kutorgina cingulata vax. Phillipsii,

together with Hyolitlius primcevus, sp. nov., H. fistula, and Oboldla

Groomii, sp. nov. ; all of which also occur in the Hollybush
Sandstone, with the exception of the last-mentioned, which hitherto

has not been detected above the passage-beds into the Sandstone.

It must be noted, however, that Kutorgina Pliillipsii, which is very

common in the Quartzite, becomes much rarer in the Hollybush
Sandstone, and that the reverse is true of Hyolithus fistula. The
Quartzite appears to be intimately united to the
Hollybush Sandstone str atigraphically, lithologically,

1 Geol. Mag. 1886, p. 548.
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and palseontologically ; but whether the formation is

best regarded as the natural base of the Cambrian, or
as a separate pre-Cambrian formation, such as the
Etcheminian may be, 1 the evidence appears as yet
insufficient to show.

IX. Conclusions.

The Cambrian and lowest Ordovician sediments attain a con-

siderable development in the Malverns. The maximum thickness

may be estimated as over 3000 feet, while the minimum can

hardly be much less than 2500 feet. To these estimates must be
added a thickness of some 600 feet of intrusive igneous rocks.

The series (exclusive of igneous rocks) consists of the following,

in descending order :

—

(4) The Bronsil Shales, 1000 feet thick; grey shales containing Dictyonema
sociale, and many Treinadoc brachiopods and trilobites.

{3) The White-Leaved-Oak Shales; black shales including :

—

(b) The zone of Peltura scarabceoides, Sphcerophthalmus alatus, Gtenopyye
pecten, Ct. bisulcata, Aynostus trisectus, etc. ; thickness 500 feet.

(a) The zone of Polyphyma Lapworthi, containing Acrotreta malvernensis,

Kutorgina pusitta, Protosp>onyia fenestrates, etc. ; thickness not less

than St) feet.

(2) The Holly bush Sandstone, comprising:

—

(/>) Massive sandstones (glauconitic), probably not less than 1000 feet

thick, and containing :

—

Hyolithus fistula, H. malvernensis, H. prim-

(Bvus, Scolecoderma antiquissima, Kutorgina Phillipsii, etc.

(a) Flaggy and shaly sandstones (glauconitic), not less than 75 feet

thick, with Kutorgina Phillipsii, Scolecoderma antiquissima, Hyolithus

sp., etc.

(1) The Malvern Quartzite, consisting chiefly of grey quartzites and
conglomerates, seldom slightly glauconitic; probably several hundred
feet thick ; containing Kutorgina Phillipsii, Obolella (?) Groomii, and
Hyolith. us prim a- vus.

The Malvern Quartzite probably at one time rested unconformably

upon both of the Malvern series recognized as pre-Cambrian, since it

contains angular fragments and rounded pebbles of Uriconian and
Malvernian type, but it appears now to be separated from the older

rocks by faults. It is to be compared with the Wrekin Quartzite,

and probably with the greater part of the Hartshill Quartzite, and
with quartzites which in other parts of the world immediately

underlie the Olenellus-heds.

The shaly basal beds of the Hollybush Sandstone possibly corre-

spond with the Olenellus-beds, and with the zone of Paradoxides

Groomii, Lapworth, in the Comley Sandstone of Shropshire.

The bulk of the Hollybush Sandstone probably represents the

greater part of the Paradoxidian of other localities, and not im-

probably corresponds with the Camp-Hill Quartzite (exclusive of the

1
G-. F. Matthew, Ann. N.Y. Acad. Sci. vol. xii (1899) p. 41, & Bull. Nat.

Hist. Soc. New Brunsw. vol. iv (1899) pp. 189, 198.
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basal shales) together with the Parley Beds, or lowest division of the

•Stockingford Shales. Otherwise no representatives of these shales

exist in the Malverns.

The shales with Polyphyfna Lapivorthi in the southern part of

the district, like the shales with Splicerophthalmitis farther north,

are probably faulted against the older rocks. They may represent

the Swedish zone of ' Beyrichia ' Angelini, and, perhaps at the same
time, the Ffestiniog Beds of North Wales. It is, however, equally,

or more, probable that they represent the uppermost part of the Para-

doxidian, since they contain the Swedish fossil Kutorgina pusitta.

The zone of Agnostus pisiformis has so far not been detected in the

Malvern area, the fossils attributed to this species being referable to

A. trisect us.

The greater part of the Malvern Black Shales belongs to the zone

of Sphcerophthdmus alatus and its associates. It is possible, how-
ever, that other zones, both immediately above and immediately below
this, may be represented in the district, but no fossils characteristic

of the zones of Parabolina spinulosa, Leptoplastus and Eurycare,

or Cydognathus, have been detected hitherto.

The lowest part of the Bronsil Shales has furnished only a few
minute fossils, but the middle part has yielded many Tremadoc and
Shineton forms, including Asaphids and Olenids, in association

with Bictyonema sociale. The Bictyonema-heds of Malvern,
-and probably of North Wales and other parts of
Britain, are to be classed with the Tremadoc Series
{Euloma - Niobe fauna), and may conveniently be
taken as marking the base of the Ordovician.

It remains for me to tender my best thanks to Sir Archibald

Geikie, Prof. T. McKenny Hughes, Prof. Charles Lapworth, the Kev.

G. E. Mackie, Prof. W. J. Sollas, the officers of the Malvern Field

Naturalists' Club, and the authorities in charge of the Museum at

Worcester, who have kindly facilitated my work by the loan or gift

of fossils.

Appendix.

On the Cambrian Brachiopoda of the Malvern Hills.

By Charles Alfred Matley, Esq., B.Sc, F.GKS.

(i) Introductory.

Before entering upon a description of the Malvern Cambrian
brachiopoda which I have had the opportunity of examining, it may
be well to make a few brief remarks as to our present' knowledge
of these fossils.

Although the Cambrian rocks of the Malvern district have been
patiently hammered over by more than one generation of geologists

(among whom, of those now passed away, may be mentioned
Prof. Phillips, Dr. Grindrod, Dr. Holl, the Eev. W. S. Symonds, and
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Mr. Hugh Strickland), the collection of brachiopoda which their

labours have made known has been disappointingly meagre, both as-

regards individuals and species.

In 1871 the full list, according to Phillips, 1 was as follows :—

•

Malvern Shales.
Lwgula pygmaa, Salter.

Obolella Salteri, Holl.

Spondyloholm.

A minute bivalve.

Hollybush Sandstone.
Lingula squamosa, Holl.

,, another species.

Obolella Phillipsii, Holl.

„ two other species.

A small unascertained bivalve.

Diagnoses of some of the above were given in Holl's paper of I860, 2

but the descriptions were scanty and the figures not very satis-

factory ; moreover, the species were in some cases admittedly

founded on very imperfect material. It is unfortunate, too, that the

present whereabouts of his type-specimens is unknown. Prof. Groom
has endeavoured to trace them, but without success. Davidson, in

his monograph, redescribed the then known species, treating, how-
ever, Holl's Obolella Phillipsii as a synonym of Billings's Kutorgina

cingulata ; but it is clear that, excepting the Kutorgina of the

Malvern Quartzite, he had very little material to help him.

Of the species in the above list, Lingula squamosa is obscure and of

doubtful value : it may have been founded on fragments of Kutorgina*

I have not. found any specimen to agree with Davidson's figure of

this species (see the description of Obolella Groomii, sp. nov., p. 137).

Phillips figured in a woodcut his so-called Spondglobolus {op. cit»

p. 68), but stated no dimensions aud gave no description. The
figure suggests that the fossil may have been an Acrotreta.

There is also a list of Malvern Cambrian fossils in the Appendix
to Murchison's ' Siluria ' 4th ed. (1867) p. 541. It will be seen

from p. 507 that the list originally drawn up by Salter was emended
by Etheridge, Morris, and Jones. The list apparent!}- contains

some errors. Thus Obolella Phillipsii is given for the Black Shales,.

and 0. JSalteri for the Conglomerate and Sandstone, in winch
deposits they probably do not occur. Orthis lenticularis is also

stated to occur in the Conglomerate ; this statement too requires

verification, as Kutorgina may easily have been mistaken for an

Orthis.

The following notes and descriptions are mainly based on th&

examination of a number of specimens which Prof. Groom has

forwarded to me for identification. The majority have been collected

by himself in the course of his geological researches in the Malvern
district ; the remainder have been lent to him by the Museums at

Oxford, Worcester, and Malvern. Some specimens have also been
kindly lent to me from the collection of the Geological Survey.

In studying these forms I have had the advantage of seeing

Prof. Groom's own notes and sketches.

Many of the fossils are fragmentary or imperfectly preserved,.

1 ' Geo!, of Oxford & the Valley of the Thames ' 1871 pp. 66-68.
- Quart. Journ. Geol. Soc. vol. xxi, p. 72.
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but several are in a fairly good condition of preservation. The
identification of some small circular brachial valves found in the

shales has been a matter of difficulty, because species in close agree-

ment with respect to that valve may diner widely, even generically,.

as regards the pedicle-valve.

(ii) Description of the Species.

Order ATREMATA, Beecher.

Family Obolid^, King.

Obolella (?) Groomii, sp. nov. (Figs. 1 a, 1 b, & 2.)

Shell oval, moderately convex, about as long as wide, widest

towards the front, which is moderately to well rounded. Lateral

Figs. 1 & 2.—Obolella (?) Groomii, sp. nov., from the Malvern

Quartette. (Prof. Groom's Collection.)

1. 2.

[Fig. 1 b is a side-view ; fig. 2 represents part of the exterior of the shell

enlarged.]

margins straight or slightly convex, converging posteriorly to form
a rounded beak. Hinge-area absent, or not well defined. Sides

usually somewhat deflected. Surface covered by about 30 small

but well-marked, concentric, rugose ridges. No radial striae. Casts

of the interior show nothing but very faint traces of markings.

Dimensions of type - specimen.—About 4^ mm. long by

5 mm. wide. Type in Prof. Groom's collection. Other specimens

measure :

—

Width.
bh mm.

Length.
7 mm.

H 4|

Horizon.—Malvern Quartzite (M 170, 244c, & 476) associated

with Kutorgina cingulata, var. Phillipsii.

Observations.—Several examples of this shell have been

collected by Prof. Groom, in honour of whom the specific name is
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given. With no knowledge of its internal characters, the generic

reference is necessarily provision al, but the species approaches in

outline and external characters some American forms of the genus

Obolella, especially the type-species of the genus, 0. cliromatica,

Bill., of the OUnelhis-zone of Canada, from which, however, it

appears to be separated by the form of the beak and the shape

ot the umbonal region. In any case it seems better, until the

two forms can be directly compared, to keep them distinct. I have

been unable to differentiate satisfactorily between the pedicle- and

brachial valves, but the valve figured is probably brachial, while the

pedicle-valve seems to be rather more pointed. The ornamentation

is not unlike that of the associated Kutorgina.

I had at first some doubt whether this species might not be

the imperfectly known Lingula squamosa of Holl, a form from the

Holly-bush Sandstone described (but without a figure, owing to

the fragmentary nature of the specimens) in Quart, Journ. Geol.

Soc. vol. xxi (1865). But Holl described his species as having

imbricating growth-lines, an acute beak, and a truncated front

;

moreover, the figure given by Davidson, 1 which was an attempted

restoration of some of Holl's fragments, shows a quite differently

shaped shell.

Obolella (?) Salteri, Holl. (Figs. 3-6, p. 138.)

1865. Obolella Salteri, Holl, Quart. Journ. Geol. Soc. vol. xxi, pp. 101 & 102,

fig. 9.

1866. ? Obolella Salteri, Davidson, ' Brit. Silur. Brach.' Monogr. Palseont. Soc.

p. 61 & pi. iv, figs. 28 & 29.

1871. Obolella Salteri, Phillips, ' Geol. of Oxford & the Valley of the Thames'
p. 68, diagram xvii, fig. 11.

Cf. 1882. Obolus Salteri, Brogger, ' Die Silur. Etagen 2 u. 3 im Kristiania-

gebiet u. auf Eker ' p. 44 & pi. x, tigs. 10 & 11 ; also tigs. 12 & 13 (as Lingula sp.).

Description.—Valves slightly convex, subcircular to broadly

ovate in contour, some examples about as long as wide, others rather

wader than long. Sides and front well rounded. Beak of pedicle-

valve marginal and more pointed than that of the brachial valve.

Shell thin : surface covered with numerous fine concentric lines of

growth, which at intervals are more strongly marked.
Internal casts reveal little respecting the muscular impressions.

Two internal casts of brachial valves from the Grey Shales exhibit a

triangular elevation beneath the umbo, bisected by a median depres-

sion, and show the impression of a hinge-area (?). These casts are

also covered with very fine and inconspicuous radial striations, a

feature which does not appear on corresponding external casts

(compare fig. 5 a with 5 6), and is therefore an internal character

only. Another internal cast (fig. 6, from the Grey Shales), which
I refer to this species with much hesitation, shows a pair of elongate

lateral scars and a central muscular area—in these features resembling

species of the genera Lingulella, Lwgulepis, and Obolella.

1 'Brit. Silur. Brach.' Monogr. Palasont. Soc. (1866) pi. ii, fig. 7.
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Dimensions.—Three specimens measured:

—

Length. Width.
9 rum. 11 min.

7 8i

H 5}

Horizon.—The specimens have been most abundantly obtained

from the Black Shales and (?) from a band of foraminiferal lime-

stone (M 218) included in them, but they occur also in the overlying

Grey Shales. I have seen no examples from any horizon lower
than the Black Shales.

Observations.—Undoubted members of the genus Obolella, to

which genus it is very doubtful that Holl's species can be assigned,

are not known to occur above the Lower Cambrian ; but, until the

generic position of this form can be fully established, its nomencla-
ture may as well be left undisturbed. As will be seen from the

figures, the specimens vary much in the proportion of length to

breadth, but there are sufficient intermediate forms between the

broad and narrow varieties to warrant the belief that we are dealing

with a single species. All the specimens from the foraminiferal

limestcne-band are exclusively of the broad type and are of large

size,
1 but the broad form is also found with those of less width in

both the Black and the Grey Shales.

Davidson saw only one example of this shell, which reminded

him very strongly of Obolella ? (or Obolus V) plumbed, Salter, and he
sceint'd uncertain whether the two forms were distinct. The last-

mentioned shell may, however, be readily distinguished by its

numerous radial stria?, which are absent from the exterior of

0. Safari.

Holl's figure (also reproduced by Davidson) shows a median line

extending from the umbo for about two-fifths the length of the

valve, suggesting a median septum or the impression of a pedicle-slit.

The examples which I have been able to examine show that this is

an adventitious feature, the result of the splitting of the shell under

compression. Nearly all the shells from the shales show a splitting

of the valves at the umbo, and in almost every case the crack is

more or less oblique to the middle line, and sometimes extends to

the front of the shell.

According to Linnarsson, 2 Obolella Salteri forms in Sweden a

zone above the Dictyonema-heds, and Prof. Brogger records the

same species from the CW^op/z^-shales, Ceratopyge-limestone, and

Phyllograpius-shaXes ; but it seems very doubtful whether the

Scandinavian fossil is identical with Holl's species,3 and moreover

the Malvern species appears to be found most plentifully below
the Dictyonema-korizon.

1 There is some doubt about the identity of these limestone-specimens, on
account of their large size and greater convexity. While most of them are no
bigger than large examples from the Shales, there is one (incomplete) example,

to which Prof. Groom has drawn my attention, which must have measured
30 mm. across. As regards difference of convexity, the valves found in the

Shales have probabty been somewhat flattened by compression.
a See Lapworth, ' Life & Work of Linnarsson' Geol. Mag. 1882, p. 75.
'' See the figures in Brogger's ' Die Silur. Etag. 2 u. 3 ijn Kristianiagebiet

'

882, p. 44, pi. x.
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Family Lingulellid^s, Schuchert.

Lixgulella Nicholso>ti, Callaway ?

1877. Lingulella Nicholsoni, Callaway, Quart. Journ. Geol. Soc. vol. xxxiii,

p. 668 & pl.'xxiv, figs. 11, 11 a, lib.

1883. Lingulella Nicholsoni, Davidson, ' Brit. Silur. Brach. Suppl.' Monogr.
Palaeont. Soc. p. 208, pi. xvii, figs. 31 & 32.

Two examples from the Dicti/onema-he&s (Grey Shales) appear to

be identical with the Shropshire fossil. A fragmentary valve, too

imperfect for precise identification, from the Lowest Black Shales,

is possibly a small example of the same species.

Lingulella (?) sp. (Figs. 7 & 8.)

A cast of a tiny valve, barely a millimetre in length, occurs on a

tablet (LP809) in the University

Figs. 7 & 8.—Lingulella (?) sp. Museum, Oxford, from 'Upper Black

7> 8 .
Shales, Coal Hill' (probably, accord-

~ /"v ing to Prof. Groom, a dark zone in the

/T$K A^^N Grey Shales).
1

It shows a muscular

j _y\ yfy region near the apex, and a fold of
(' ':'.':// very slight elevation widening to-

,.:; i
"
~***'

wards the front (fig. 7).

_. „ T , . . „ ,, Another minute valve (fie-, 8),
Fig. 7 = Internal cast, from the n ,

'

. ., ,,. ,

Upper Black Shales of Coal of somewhat similar outline, has

Hill(probably=GreyShales). been found by Prof. Groom in

University Museum, Oxford, light-grey shale (M 262). It has
Fig. 8= Specimen in light-grey much the sliape of Linqula petalon,

shale, Pror. Grooms Col- tt- i /t\ • \ \ \ -,

lection
Hicks (JJavidson), a much larger

form found in the Arenig.

Family Lingultd.e, Gray,

Lixguea pygmjea, Salter.

1865. IAngula pygmcea, Salter (Holl), Quart. Journ. Geol. Soc. vol. xxi, p. 102,
figs. 8 a & 8 h.

1866. Linqula jpygmcea, Davidson, ' Brit. Silur. Brach. Monogr. Palaeont. Soc. p. 53
<fc pi. ii, fig. 8.

1871. Lingula jn/gmcea, Phillips, ' Geol. of Oxford & the Vallej' of the Thames '

p. 68, diagram xvii, fig. 13.

I have seen only one specimen, an internal cast, of this obscure

species, collected by Prof. Groom from the Black Shales. In size

and shape it agrees fairly well with the description and figure in

HolFs paper.

1 Formerly all the Cambrian shales of the Malvern district were included

under the term of ' Black Shales.'
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Family Lixghlasmatibje. Winchell & Schu chert.

LlNGULA(?) Sp. (Fig. 9.)

There is in the Grindrod Collection, University Museum, Oxford,

an internal cast, about 2-J
mm. in length, of a small, convex, ovate

shell, dilated in front and tapering poste-

riorly to an acuminate beak. A special

feature of the fossil is a median depres-

sion on the posterior third of the cast,

which appears to denote that the shell

possessed a small solid ' platform.' This

is of interest because, with the exception

of the remarkable Lahhmina linguloides,

from the Salt Range (Cambrian) Beds of

India, platform-bearing brachiopoda have
not hitherto been found in rocks older

than the Ordovician. The species, which
appears to be new, belongs in all probability to the Lingulasmatidae,

Winchell & Schuchcrt, a family which connects the Lingulidte

with the Trimerellidie, but the characters are hardly those of the

known genera (Lwyidops and Lingvtasma) of that family. It is to

be hoped that further specimens will be discovered, which will enable

the genus and species to be defined. The present reference of this

form to the well-known genus Lingula is, of course, purely pro-

visional ; the species can scarcely belong to that genus, if the name
is used in its modern restricted sense. The specimen is from the

Dicti/onana-heds, White-Leaved Oak.

Fig. 9.—Lingula (?) sp.

[Internal cast, from the Dic-

tyonema-beds of White-
Leaved Oak. University

Museum, Oxford.]

Order NEOTREMATA, Beecher.

Familv Aceoiketibj:, Schuchert.

Fig. 10.

ACROTRETA Sp. (Fig. 10.)

On the same tablet in the Oxford University Museum as the shell

last described, and from the same locality,

there is another fossil. It appears to

be an Acrotreta, though unfortunately

the side on which the cardinal area

should be found is embedded in the

matrix

by 2 mm. in width

and, I should say, of a different

species from, any of those described

below. It reminds me very much
of the Llaudeilo species A. Nichohoni,

Dav.

Acrotreta sp.

cf. Nicholsoni, Dav.

I

The shell is 2\ mm. in length

it is larger than,

[Internal east, from the Dic-

t//o?iema-beds of White-
LeaTed Oak. University

Museum, Oxford.]
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Acrotkexa (?) Sabring (Callaway).

1877. Obolella Sabrince, Callaway, Quart. Journ. Geol. Soc. vol. xxxiii, p. 669 &
pi. xxiv, fig. 12.

1883. Obolella Sabrince, Davidson, 'Brit. Silur. Brach. Suppl.' Monogr. Palaeont.

Soc. p. 211 & pi. xvi, figs. 27 & 28.

Several specimens found in Grey Shale, in company with Lingu-

lella yicJiolsoni, are in close agreement with examples from the

Shineton Shales. It has been suggested l that this species, previously

described as an Obolella, is an Acrotreta, though the pedicle-valve

is much less elevated than in typical members of the genus, nor has

the pedicle-furrow been observed.

Acrotketa (?) Saeeln^e, var. MALVEiiNENsis liov. (Figs. 11-14.)

Shell small, rather wider than long, or as long as wide, in out-

line subcircular, but somewhat truncated posteriorly by a straight

hinge-line, whose width is about two-thirds of the greatest width

of the valve.

Pigs. 11-14.—Acrotreta (?) Sabrinee, var. malvernensis nov.

(From the Lowest Black Shales. Prof. Groom's Collection .)

11 a. 11 h. 14.

-?

/,

13.

Fig. li a— Internal cast of pedicle-valve; b= profile of the same.
12 = Interior of brachial valve.

13 = External cast of brachial valve, slightly concave.

14 = Exterior of brachial valve, somewhat restored.

Brachial valve slightly convex for about half the distance

from the umbo to the curved margin, remainder of valve flat. Umbo
slightly elevated and marginal. In the interior of the brachial

valve the most conspicuous feature is a rounded median septum,

which extends from the hinge-line for rather more than one-third

of the length of the valve, and lies within the circular depression

formed by the slightly convex part of the valve. This septum
thickens slightly at the hinge-line, where it terminates bluntly, and
in one example it has two short processes at its anterior end (see

fig. 12). A pair of muscular scars are visible near the posterior

extremity of the septum.

Pedicle - valve convex, most elevated at the umbo, height

about one-third the length of the valve. Umbo small, marginal,

1 See Hall k Clarke, Pal. N. Y. vol. viii, pt. i (1892) p. 103.
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projecting very slightly over the area, and pierced by a minute
foramen (?). Internal casts show a short longitudinal groove

at the umbo, towards the posterior end of which is a minute
tubercle. The latter may be the cast of the pedicle-foramen. The
'false area' is traversed from apex to hinge-line by a pedicle-

groove, and is crossed by the lines of growth. Two narrow
muscular impressions diverge from near the apex of the valve, and
terminate about half way towards the antero-lateral margins.

Shell-substance tenuous, consisting of a few tbin laminae.

Surface of valves ornamented with very numerous, close, fine, con-

centric lines of growth, which at intervals are strongly marked.

In well-preserved examples the finer growth-lines are little more
than *01 mm. apart.

Two specimens measured in length 2 and
1-J

mm. respectively,

and in width 2'5 and 1*5 mm. respectively.

Horizon.—This is the characteristic brachiopod of the Lowest
Black Shales. More than two dozen examples of the brachial valve

and one dozen of the pedicle-valve were obtained by Prof. Groom
from this horizon [M 257].

Observations.—Owing to the small elevation of the pedicle-

valve, the reference to the genus Acrotreta is somewhat doubtful,

but there is no question that it belongs to the family Acrotretidae,

Schuchert. In general aspect it is much like Linnarssonia sagittalis,

Salter, but its brachial valve is flatter and its internal characters

are different. It is closely allied to Obolella (Acrotreta ?) Sabrince,

Callaway, of the Shineton Shales, and, I think, is only a variety of

that shell occurring at a lower horizon. The variety has a longer

hinge-line, the ornamentation is bolder, and the internal characters

are rather different from those of the typical form.

A( rotreta sp. (cf. A . socialis, von Seebach). (Figs. 15 & 16.)

The pedicle-valve of an undoubted species of Acrotreta appears on

a tablet (LP 809} in the University Museum, Oxford, marked
' Upper Black Shales, Coal Hill ';

Figs. 15 & 10.—Acrotreta sp. Prof. Groom thinks that the

A. socialis, von Seebach. specimen comes from a dark zone

in the Grey Shales. It is an
internal cast, very minute, being
not more than 1 mm. in length,

and it shows the pedicle-groove

plainly. There is a very similar

Fig. 15 a = Internal cast of pedicle- valve from the Black Shales,
valve; b = side-view ; c = view Malvern, on a tablet in the
of the cardinal area. University Worcester Museum, and with it
Museum, Oxford. . , , . .

'
„ .

Fig. 16 - Brachial valve, probably of 1S a brachial valve of equal

this species Worcester Museum, minuteness, which probably be-

longs to the same species, though

it would be difficult to separate it from the corresponding valve of

Linnarssonia Belti (Dav.).

The Malvern fossil has a general resemblance to Acrotreta
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socialis of the Paradoxides-heds of Sweden, but the apex of the

latter is more central and it occurs on a different horizon. A form
found in the Stockingford Shales at Purley Park near Nuneaton is

very similar, but possesses in addition to the concentric markings
very close radiating striae.

Linnarssonia Belti (Davidson). (Figs. 17 & 18.)

1868. Obolella Belti, Davidson, Geol. Mag. p. 310 & pi. xv, figs. 25-27.
1871. Obolella Belti, Davidson, ' Brit. Silur. Brack.' Monogr. Palseont, Soc. p. 340

& pi. 1, figs. 15-17. (In the explanation of the plate it is called Obolella sagittalis,

var. Belti.)

There are three brachial valves of this species in the Museum
of Practical Geology,

Pigs. 17 & 18.—Linnarssonia Belti (Dav.). Jermyn Street, from

17. 13 p
the Grey Shales, White-

_ ,_^_ ^~~-- Leaved Oak. They are
/'' Y

fV* \ // ,"rt" \a separated from L. sagit-

'|f M ill '^4K^Sl ta^s
>

Salter, which

:1 fli| yijj :\ M they much resemble, on

'M x^\ s jM^ account of their smaller

^v,,.. .~ ||r ^^^~~3$&^\ s*ze * -^wo °^ tne ex~
^--^-^' I ^seSSII^^ ~**

amples are internal
{Internal casts of brachial valves, from the Grey casts which show the

Jermyn Stree

U

t

S

l

Um
'|0f Practical Geology

' characteristic features

of the genus, but it is

difficult to distinguish the exterior of the brachial valve from
corresponding valves of the genus Acrotreta.

Order PROTKEMATA, Beecher.

Family Ktjiorgiitidj:, Schuchert.

XuTOKGINA CINGULATA, Var. PhTLLIPSII (Holl).

1865. Obolella Phillipsii, Holl, Quart. Journ. Geol. Soc. vol. xxi, pp. 101, 102 &
figs. 10 a, b &c.

1866. Obolella (?) Phillipsii, Davidson, ' Brit. Silur. Brach.' Monogr. Palaeont
Soc. p. 62 & pi. iv, figs. 17-19.

1868. Kutorgina cingulata, Davidson, Geol. Mag. p. 312 & pi. xvi, fig. 10.

1871. Kutorgina cingulata , Davidson, ' Brit. Silur. Brach. Appx.' Monogr. Palaeont.

Soc. p. 342 & pi. 1, fig. 25.

1871. Obolella Phillipsii, Phillips, ' Geol. of Oxford & the Valley of the Thames

'

p. 68, diagram xvii, fig. 12.

1883. Kxitorgina cingulata, Davidson, ' Brit. Silur. Brach. Suppl.' Monogr.
Palaeont. Soc. p. 212.

Cf. 1861. Obolella cingulata, Billings, in Hitchcock & Hager's ' Geol. of Vermont

'

vol. ii, p. 948, figs. 347 & 349.
Cf. 1865. Obolella (Kutorgina) cingulata, Billings, Geol. Surv. Canad. ' Pal.

Foss.' vol. i, p. 8, figs. 8-10.
Cf. 1876. Kutorgina cingulata, var. pusilla, Linnarsson, ' Brach. Paradoxides-

Beds of Sweden ' Bihang till k. Svensk. Vet.-Akad. Handl. vol. iii, no. 12, p. 25 &
pi. iv, figs. 53-54.

Cf. 1886. Kutorgina cingulata, Walcott, Bull. U. S. Geol. Surv. vol. iv (no. 30)

pp. 102-104 & pi. ix, figs. 1, 1 a-h.

The following may be added to Davidson's description of the

British form :

—

Q. J. G. S. No. 229. l
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The shell-substance is corneous or calcareo-corneous, and com-
posed of several layers, the inner of which are ornamented by
numerous, very fine, slightly-raised, rounded radial striae. Some
examples show a triangular, deltidium-like, slightly convex bulging

of the middle part of the area below the umbo, suggesting an

approach to the deltidium of the genus Fphidea. This appears to be

a new feature of the genus.
1 The breaking away or resorption of

this portion of the shell would leave a triangular fissure, such as that

figured for K. latourensis, Matthew, in Pal. N. Y. vol. viii, pt. i,

pi. iv, fig. 20.

There is no doubt that the Malvern shell is very closely allied to

the American A', cingulata, yet there seems sufficient reason for

retaining Holl's designation of PhiUipsii as a varietal name. The
Malvern shells are much smaller than the maximum size of the

American form. The average dimensions of those forwarded to me
by Prof. Groom are about 4| mm. long by 6^ mm. wide, the largest

measuring 7 by 10 mm. Davidson figured a large example, which
when complete must have been about 11 mm. long by 16 wide, but

even this has only half the dimensions of an example from America
figured by Walcott.2 The American species appears to be more
convex than the British, especially in the neighbourhood of the

umbo, and the shell-substance of the former is calcareous, according

to Walcott, while in the Malvern examples it is phosphatic.

Prof. Groom's specimens are from the Malvern Quartzite (M 170,.

M244, M244c) and Hollybush Sandstone (M 323 6iv
, M 443).

Species of the genus Kutorgina are mainly characteristic of the

Olenelhis-fimnsi, but in America K. stissingensis is found at a rather

higher horizon. In Sweden, K. cingulata, var. pusilla, Linrs.

(see below) occurs in the zone of Paradoxides Forchhammeri and in

strata with Agnostus Icevigatus, while one species, K. minutissima,

is found in the Secret Canon Shales (Middle Cambrian) and the

Hamburg Shales (Upper Cambrian) of North America. 3

Kutorgina curarLATA, var. pusilla, Linrs. (Figs. 19 & 20, p. 147.)

1876. Kutorgina cingulata, var. pusilla, Linnarsson, ' On the Brachiopoda of the-

Paradoxides-Beds of Sweden' Bihang till k. Svenska Vet.-Akad. Handl. vol. iii,

no. 12, p. 25 & pi. iv, figs 53-54.

The Lowest Black Shales (M 257) have yielded several fragments

and one complete valve of a Kutorgina which differs from that

found in the Hollybush Conglomerate and Sandstone mainly in its

smaller size. The valve just mentioned is a brachial valve, and

measures about 1*75 mm. in length by 2 mm. in breadth ; an incom-

plete pedicle-valve of a rather smaller individual has also been

found (fig. 19), and the fragments belong to rather larger specimens,

probably about 4 mm. wide. They appear to be identical with the

1 Since writing the above, I find that the presence of a deltidium has been

observed in the American K. cingulata ; see Beecher, Amer. Journ. Sci. ser. 3,

vol. xliv (1892) p. 138, quoted and remarked upon by Hall & Clarke, Pal. N. Y.

vol. viii, pt. ii (1894) p. 327.
2 ' Fauna of the Olenellus-zone ' Tenth Ann. Eep. U.S. G-eol. Surv. 1888-89

[1890] pi. lxix, figs. 1 & 1 a-b.
3 Freeh, ' Lethaea palseozoica ' vol. ii, pt. i (1897) pp. 44 & 45.
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Swedish variety pusilla, a form which Linnarsson found as a rare
fossil in the highest Paradoceides-zones of Sweden—that is to say, in
the zones of P. Forchhammeri and of Agnostus Icevigatus. Linnars-
son's specimens measured 3 mm. in length by 4 mm. in breadth.
The brachial valve shows some radial plications not described in

the Swedish variety.

Figs. 19 & 20.—Kutorgina cingulata, var. pusilla, from the Lowest
Black Shales. (Prof. Groom's Collection.)

19.

[Fig. 19 = Pedicle-valve ; fig. 20 = Brachial valve.]

In Europe, up to the present, no species of Kutorgina has been
detected above the Agnostus-lcevigatus zone ; but in North America,

as stated on p. 146, K. minutissima is said to occur in the Secret

Canon Shales of Middle Cambrian age and in the Hamburg Shales of

Upper Cambrian age.

(iii) Summary of the Species and their Distribution in the

Malvern Cambrians.

Names of the Species.

Obolella (?) Groomii, sp. nov. ...

0.(?J Salteri, B.oll

Lingulella Nickolsoni, Call. (?) . .

.

L. sp

L. sp. (cf. L. petalon, Hicks) ...

Lingula pygraaa, Salt

L.(l)^
Acrotreta sp

A.O) Sabrince (Call.)

A. Sabrincs var. malvernensis nov.

A. sp. (cf . A. socialis, von Seeb.)

Linnarssonia Belti (Dav.)

Kutorgina cingulata,

yar. Phillvpsii (Holl)

•var. pusilla, Linrs
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Discussion.

Prof. Lapwoeth spoke of the excellent work done by the Author
in unravelling the complicated geology of the Malvern Hills, and
congratulated him and the Society upon the interest and importance
of the present communication.

With regard to the Hollybush Quartzite, it seemed desirable that

some alternative name should be suggested for the sake of distinc-

tion. He agreed with the Author in his reference of the Hollybush
Oroup as a whole (including the Quartzite) to the general geological

period embracing the so-called Etcheminian, the Olenellus-zone, and
the Paradoxidian. We ought, however, carefully to bear in mind
that as yet the Olenellus-zones marked by forms similar to Olenellus

Thompsoni and those marked by forms of the type of Holmia
{Olenellus) Kjerulfi have not yet been demonstrated to be con-

temporaneous ; and also that the Etcheminian fauna, claimed as

pre-Cambrian by some, is as strenuously claimed as Cambrian by
others. It is certainly safest in the meantime to refer all these

pre-Paradoxidian fossil-bearing beds to the Lower Cambrian.

It is not unlikely, as the Author has suggested, that the higher

parts of the Malvern Hollybush Sandstone Series answer to the

much thinner and less arenaceous beds of the Purley Shales of

Nuneaton. This correlation would harmonize with the known
thinning of the Cambrians when followed eastward into Europe,
and also with their thickening and the coming-in of more arenaceous

deposits when followed in the contrary direction, as for example
into the Harlech district, where Dr. Stacey Wilson and himself, in

mapping that country, had found that the Lower Cambrians were
represented by several massive arenaceous formations separated by
shaly zones.

As respects the carrying downward of the systematic base of the

Ordovician System from the bottom of the Upper Tremadoc (Lower
Arenig of Hicks), where it was originally drawn, to the bottom of

the Lower Tremadoc as proposed by the Scandinavian geologists, there

could be no question that, as the term ' Ordovician ' was suggested

as a title for the rock-formations containing the second Lower
Palaeozoic fauna, the geological horizon which most naturally and
conveniently divided the first from the second fauna must, in the

nature of things, be the base-line of the Ordovician System. The
credit of showing that such was the most natural line of division

between the Cambrian and the Ordovician in Europe belonged solely

to Linnarsson and Brogger. Linnarsson selected this line as the base

of the Scandinavian Ordovician many years ago ; and Prof. Brogger,

in his recent brilliant paper on the ' Euloma-Niobe Fauna,' has

shown that it appears to be the most natural basement-line all

over the world. Moberg's further proposal to include also the

Scandinavian Dictyonema-flabelliforme zone in the Ordovician is

quite justifiable, and has been already adopted by some. But to

what extent the Dictyonema-zones of other regions answer to the

Dktyonema-zoi\Q of the Baltic basin, we have yet to discover ; and
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graptolithologists 'await with keen interest the results of Holm's-

revision of Eichwald's typical Dictyonema jiabettiforme, so that they

may separate out satisfactorily the various forms which, on both

sides of the Atlantic, have hitherto been provisionally grouped under

that name and that of Dictyonema sociale. So gradually do the

typical Cambrian and Ordovician faunas shade one into the other in

most regions, and so convenient is it for mapping purposes to select

a lithological break as the dividing-line, that it will probably be

found that for some years to come we must content ourselves in

many districts with drawing an approximate boundary-line between
the two.

Mr. Philip Lake remarked that the trilobites which had been

found in the White-Leaved-Oak Shales belonged to the Upper
Lingula-Fl&gs ; but it appeared from the Author's correlation with
the "Warwickshire sequence, that the Lower Lingvla-Yl&gs might
also be represented. There seemed, however, to be an entire

absence of Middle Lingula-Fl&g forms ; and he asked whether this

apparent absence was due to an unconformity, or to a fault, or

merely to the fact that no fossils had yet been found in the inter-

vening beds.

With regard to the limits of the Cambrian and the Ordovician, the

Tremadoc Slates were undoubtedly passage-beds, and the selection

of any particular horizon as the boundary was largely a matter of

convenience. Palaeontologically, at least so far as the trilobites

are concerned, the Tremadoc Series, as a whole, appears to be more
closely related to the Ordovician than to the Cambrian.

The Author said that he was glad that his work had led him to

conclusions so closely in agreement with the views of Prof. Lapworth.
With reference to the term ' Olenettus-zone,' he might say that

it had been used in a wide sense employed by many geologists. He
added that since the similarity of the names ' Hollybush Sandstone

'

and i Hollybush Quartzite ' might lead to confusion, he was quite

prepared to adopt Prof. Lapworth's suggestion, and proposed to

employ a new term in place of the latter. He had not entered

into the specific differences between the Dictyonemas of the Dictyo-

nema-shales, but had simply regarded them either as forming or as

not forming a definite zone, which might be simple in character, or

complex like that of Sphcerophthalmus.

In reply to Mr. Lake, he said that beds representing the Middle
Lingula-Ylsigs might be present, though concealed, in the Malvern
district.
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9. Coal- and Petroleum-Deposits in European Turkey. By
Lieut.-Colonel Thomas English, F.G.S. (Read December 18th,

1901.)
[Plate IV—Map.]

In the following paper I have attempted to give an account of the

general succession, so far as at present known, of the formations

which include some recently-discovered coal-seams and naphtha-

bearing sands of Tertiary age, in the little-visited stretch of country

lying to the north of the Gulf of Xeros in the Mediterranean and of

the western portion of the Sea of Marmora.
The absence of any map sufficiently detailed for geological pur-

poses renders it somewhat difficult to interpret various interesting

features, and I feel that apology is due beforehand for many errors

and omissions arising from this cause.

By far the best map is that compiled by the Russian military

staff, on the scale of about half an inch to a mile, and the geological

sketch-map which accompanies my paper is reduced from this. The
Russian map is furnished with approximate contour-lines, appar-

ently 10 sagenes (= 70 feet) apart ; but these are only sketched in,

and though amply sufficient for military purposes, do not give much
geological information in so broken a country. I have therefore

only transferred sufficient heights in feet to the sketch-map to give

a general idea of the relief.

There is but little written description accessible of the geological

features of the district. The only original information that I have

been able to find is contained in Ami Boue's ' La Turquie d'Europe,'
1

1840, and in Viquesnel's ' Voyage dans la Turquie d'Europe,' 1868.

The former 2 gives a short general summary of the composition

of the Tertiary formation in Thrace. Viquesnel, in the atlas

accompanying his book, shows a traverse-sketch of his itinerary,

and also furnishes short descriptions of the rocks and fossils met
with on the road. Some of the fossils were subsequently identified

by Vicomte d'Archiac, and are described in an appendix to

Viquesnel's second volume.

There is also a paper by F. von Hochstetter in the Jahrbuch der

k.-k. Geologischen Reichsanstalt, 1870,
3 but he states definitely (on

p. 387) that he is dependent for his information, as to the district

here dealt with, on Viquesnel, and that he had not himself visited

the neighbourhood. Probably as a consequence, dependence cannot

be placed in all points upon the geological map which accompanies

his paper, so far as it relates to the localities which I propose to

describe.

1 Paris 1840, 4 vols. 8vo, with map.
2 Up. cit. vol. i, pp. 319 et segq.

3 ' Die geologischen Verhaltnisse des ostlichen Theiles der europaischen

Tiirkei ' pp. 365^i61 & pi. xviii (geological map).
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These are included in a tract of country about 24 miles wide in

a north-and-south direction, bounded on the west by the alluvial

valley of the River Maritza, and on the south by the northern

shore of the Gulf of Xeros; and in a littoral strip about 4 miles wide

skirting the northern coast of the Sea of Marmora for about 32 miles,

from abreast the head of the Gulf of Xeros to Ganos, opposite

the western end of Marmora Island.

Hochstetler remarks {op. cit. p. 387) that

' this much, at any rate, can safely be derived from Viquesnel's account, that

the core of this coastal chain of mountains is formed of old crystalline rocks

(Viquesnel indeed generally mentions " terrain de transition") and chiefly of

rocks of the " phyllite-zone " which are enveloped and overlain by Eocene
Xumtnulitic limestones and sandstones, and by late Tertiary sandstones,

limestones, clays, and marls.'"

His map accordingly shows a large extent of i pro-zoic ' clay-

slate (phyllite) which, so far as I can ascertain, has no existence,

the area being occupied by Eocene strata and contemporaneous or

younger volcanic rocks. It is true that Yiquesnel often suggests
* terrains de transition,' but always with considerable reserve, and
Vicomte d'Archiac, at the commencement of the description of fossils

(' Voyage dans la Turquie d'Europe ' vol. ii, 1868, p. 450) says :

—

' We have not found, in the collection made by Viquesnel of fossils from
Thrace, a single specimen belonging to transitional or even to old Secondary
faunas. The only ones that denote the existence of late Secondary rocks are

very few in number and come from two different localities.'

The lowest beds that I have seen are thinly-bedded hard blue

coralline and softer brown Nummulitic limestones of Lutetian

age. These crop out at the village of Vernitza (about 9 miles north-

east of Ibridji on the Gulf of Xeros), where they show a north-

westerly dip of about 15°, and are overlain conformably by blue

shales. The junction-beds are one mass of nummulites, closely allied

to Nummulites complanata and N. biarritzensis, of all sizes up to

2 inches in diameter, weathering into a gravel entirely composed of

these fossils.

The outcrops of Eocene strata apparently form a belt stretching

in an easterly-and-westerly direction for about 40 miles, as Viquesnel

notes similar fossils at Margarice, 3 miles south of Vernitza ; and

Vicomte d'Archiac identifies Nummulites Ramondi and Orbitoides sub-

media in yellowish compact limestone, subcrystalline, with splintery

fracture, from Bournar Oren near Examil, on the isthmus between

the Gulf of Xeros and the Sea of Marmora. 1 He also notes

Nummulites biarritzensis and N. Ramondi in brownish-grey lime-

stone from Mount Serian, 2 leagues north-east of Kavak, and again

N. Ramondi in yellowish-grey compact limestone with waxy fracture

from Mount St. Elias, near Sterna. 2

At the last-named locality, the conical summit of the mountain,

2300 feet above the sea, is a mass of coarse marble dipping 20° south-

eastward, with seams of calcite weathering into distinct crystals

-about a quarter of an inch along their edges. The eastern and

1 Op. cit pp. 324, 466, 467. 2 Ibid. p. 457.
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south-western slopes of Mount St. Elias are also formed of thickly-

bedded limestone.

At Yernitza, the blue shales overlying the Nummulitic lime-

stone, which are about 70 feet thick, are covered conformably by
brownish- grey calcareous sandstones with rectangular

partings. These strata, with occasional volcanic interruptions, form
the principal features of the country, and apparently stretch con-

tinuously nearly 50 miles to the eastward, to Ganos and Combos on
the Marmora coast.

A fault, or series of faults, running north-east and south-west,,

with a south-easterly downthrow, marks out the course of the Deli

Osman River for about 5 miles north-east of Mount St. Elias, and
no Eocene limestones or sandstones are visible south-east of this

line. North-west of it, the sandstones, with a northerly and north-

westerly dip of 20° to 30°, form a continuous ridge from near Mount
St. Elias for 10 miles, until they reach the sea at Ganos. Eastward
from this point they form high cliffs along the coast, dipping 30°

inland, and rise quickly into the mountain-mass of the Tekfur
Dagh (Holy Mountain) about 3000 feet high, 3 miles inland from
Ganos, which is the highest ground in the district.

The sandstones are generally fine-grained, grey or greenish in

fresh fractures, weathering to a dark brown, and breaking into-

rectangular fragments, often with calcite-partings ; they contain

thin subordinate beds of clay and shale, and few, if any, recognizable-

fossils. With occasional interruptions of basalt and
rhyolite, they extend over a large area, perhaps three-quarters-

of the whole extent of country described, and form a belt with

several parallel folds and a general east-north-easterly and west-

south-westerly strike. They skirt both sides of the upper portion

of the Gulf of Xeros, and probably extend across its bed.

Like all the other formations seen, they are concealed at intervals-

under a mantle of reddish, unstratified, sandy clay unconformably

overlying them, and containing small angular fragments of sandstone

which generally do not exceed a few cubic inches in volume.

The sandstones and associated beds are at least 3000 feet

thick, both on the coast-section east of Ganos and in the western

portion, along a south-easterly and north-westerly section following

the road from Examil to the town of Keshan, a distance of 24 miles,

approximately at right angles to the line of strike.

On this section, at the southernmost point exposed, near the

village of Examil, the strata dip 30° to 15° northward for 2 miles.

The head of the Gulf of Xeros, 6 miles wide, is covered by alluvium

and stony clay, through which some small basaltic knolls appear-

Near the village of Kodja-chesme the sandstones reappear with a.

south-easterly dip of 60° to 30°; and the ground rises rapidly to a

well-marked anticlinal 3 miles beyond this point, with a north-

easterly and south-westerly strike, which forms the ridge of the

Kuru Dagh range of hills, about 1400 feet high, skirting the northern

shore of the Gulf of Xeros.
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North-west of this point the dip is generally north-north-

westerly 10° to 30° where it can be seen, for about 3 miles, when
the sequence of the sandstones is interrupted for 2 miles by a mass
of scoriaceous olivine-basalt with palagonite. The
sandstones are then covered by stony clay and alluvium for 4 miles,

as far as the village of Teke-keui (about 4 miles from Keshan

)

r

where they reappear dipping 20° northward, and the road skirts

another large mass of basaltic rock (melaphyre) as far as Keshan.

I have not been able to determine satisfactorily whether these

masses of basalt are intrusive or interbedded with the sandstones,

but the general dip of the strata does not seem to be affected by
them. Several similar basaltic masses appear among the sand-

stones and higher strata to the south-west in a chain stretching

eastward from the large volcanic mass forming the Enos mountain.

Beyond Keshan to the north-west and north, the sandstones

continue to dip in a northerly direction at moderate angles into a

synclinal basin, 8 miles across from south to north, along the edges

of which the outcrops of several seams of coal have been

traced.

One seam in particular crops out for a distance of at least 3 miles

along the southern edge of the basin, at about 400 to 500 feet above

sea-level, from a point 1 mile north-east of Keshan ; and the same
seam, to all appearance, occurs again at Boztepe, 6 miles west of

Keshan. Along the north-western edge of the basin, following a

curved line passing through the villages of Boztepe, Beyendikeuir

and Mousali, the sandstone-strata generally dip steeply south-

eastward.

A considerable fault, with a downthrow to the north of at least

90 feet, dislocates the coal-seam at Boztepe; but the general features

of the basin are so much concealed by stony clay, that the extent of

this, and of other probable faults can only be ascertained by future

underground workings.

The coal is now being worked near Keshan, where it is from 3 to

3| feet thick, and consists of a bituminous hard coal with the

characteristic features of cannel, burning with a long flame and
little smoke. The coal is non-coking, does not soil the fingers, and
breaks with a cubical, occasionally a conchoidal fracture. The
specific gravity is about 1-37, and good samples yield about 2 per

cent, of grey ash. Near the outcrop, so far as the workings have

as yet gone, the coal is deposited directly on the sandstone and has

a hard clay-roof about 2 feet thick, in which many impressions of

dicotyledonous leaves occur.

A remarkable feature in connection with this deposit is the

occurrence above the coal, and generally separated from it by about

40 feet of shales, clays, and sandstones, of a thick layer (usually 40
to 50 feet) ofbrecciated rhyolite. This layer is very persistent,

and has possibly had some influence in the conversion of lignite into

true coal. Overlying the coal near Mousali, on the northern edge of

the basin, there is a layer of decomposed andesite, with much
biotite. Near the centre of the basin, 4 miles north of Bulgarkeui,
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is an outcrop of augite- syenite forming a large knoll; and
outside the basin, at Kurujekeui on the north-west, there is a
considerable outcrop of mica-basalt, with biotite and augite.

A section of a trial-boring, striking the coal at 122 feet from the
surface, is appended ; and I consider that this may be taken as

a fair sample of the average formation immediately above the coal,

so far as yet known :

—

Section of borehole above the coal between Keshan and Bulgarheui.

Dip N. 25° E. at 33°. Vertical thickness.

Feet. Inches.
Red stony clay 34
Volcanic ash and conglomerate (Rhyolite) 48 7
Sandstone with black layers 6 7
Coaly mixture 1 6
Shale and clay 5 4
Sandstone 1 6
Shale and clay 5 4
Coaly mixture 11
Shale and clay 11 4
Sandstone 6
Shale and clay 5 6
Chocolate-coloured ground 10
Coal 3 4
Sandstone 1 6

There are many indistinct leaf-impressions in the sandstone-beds

above and below the coal, but no other fossils have yet been dis-

covered in the sandstones, which in this neighbourhood, especially

below the coal, are very thickly-bedded and free from joints,

greenish-grey in colour, and form admirable building-stones.
Some of the cores produced by diamond-drilling have been brought

to the surface in lengths of 4 or 5 feet, and some of the beds are

sufficiently tenacious and gritty to be worked for grindstones.
A boring 225 feet deep, immediately below the coal, yielded the

following section :

—

Section of borehole below the coal between Keshan and Bulyarlceui.

Dip N. 25° E. at 15°. Vertical thickness.

Feet. Inches.

Grey sandstone 7 6
Blue shale 5

Grey sandstone 5 6
Blue shale 20
Grey sandstones intermixed with blue shales 17

Grey sandstone 12
Grey sandstone with shale 4
Grey sandstone 3
Dark blue shale (rough-grained) 20
Blue shale (lower 3 in. clay) 16 3
Blue shale intermixed with grey sandstone 14 9
Grey sandstone, with layers of blue shale 27 6
Blue shale, with layers of sandstone 45
Grey sandstone, with layers of shale 8 6
Blue shale, with layers of sandstone 22
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As I have not been able to find a complete section of the sand-

stones free from interruption by basalt or stony clay, I cannot say

definitely whereabouts in the series the coal occurs, but I am
inclined to place it not far from the middle; there are more
shale-beds interstratified with the sandstones near the coal-horizon

than far above or below it.

A seam of coal of similar quality, also interbedded with these

sandstones, and 2 feet 4 inches thick, crops out at Capoudjidere,

3 miles north-east of Examil, at the head of the Gulf of Xeros.

The sandstones and coal are here dipping 50° south-eastward,

directly into the hill which forms the southern slope of the Kavak
river-valley, at about 400 feet above sea-level.

A layer of brecciated rhyolite is interstratified with the

sandstone-beds between the villages of Kiskapan and Grabuna, and

may probably be the same as that at Keshan, but no coal has yet

been found in connection with it.

Much-disturbed beds of doubtful age occur to the south-west of

this, apparently overlying the sandstones. Among them are several

outcrops of palagonite-tuff, interstratified with thinly-bedded

shales, which come to the surface near the village of Geltic. In

one specimen microscopic foraminifera (Globigerina) are included in

the tuff. A sample of fragmental, possibly reconstructed limestone

from near Bekeui contains a few small J$ummulites biarritzensis

and other foraminifera:

—

Carpenteria, Operculina complanata,

Orbitoides papyracea, and 0. sumatrensis ; also angular quartz-

granules, pieces of dolomite, and probably palagonite.

In apparent connection with these beds is a series of variegated
clays and sands. Similar clays appear to the east of Mount
St. Elias, where they are tilted to very steep angles, and are of con-

siderable thickness, perhaps 500 feet. The upper tributaries of the

Beli Osman River have cut deep gorges through these beds, in which
mineral springs occur.

A large expanse of hard limestones overlying the above-

mentioned tuffs includes the sea-cliffs near Ibridji, on the Gulf of

Xeros. These strata are generally grey, very hard, semi-crystalline,

and sometimes thickly-bedded. A specimen from Ibridji was largely

composed of foraminifera, LitJiothamnion, polyzoa, and ostracoda.

The recognizable foraminifera belong to the genera Spiroloculina,

Planisjnrina, Textularia. Anomalina, and Heterostegina. Another
specimen from about 3 miles north of Ibridji, of fragmental lime-

stone with much calcitic cement, was also composed largely of

foraminifera, LitJiothamnion, and potyzoa, containing Miliolina,

Globigerina^ Pulvinulina, Amphistegina, and Heterostegina.

Xear Erekli, on the coast 4 miles west of Ibridji, and at Fakirma
village north of this, a capping of soft friable limestone-
beds of Miocene (Helvetian) age occurs, containing Pecten

subbenedictus, Ostrea, and Cardium. These Miocene rocks apparently

extend westward along the coast as far as Cape Gremia at the
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mouth of the Gulf of Xeros, occupying all the country to the south

of the En os Mountain.

In the north and north-west the Eocene sandstones are occasionally

overlain by soft sandy strata, probably Pliocene, con-

taining Melanopsis allied to M. Martiniana, at a point 1| miles north

of Boztepe, and numerous casts of Corbula Saulcyi, Gardium, and
Dreissensia near Ghonue and Malgara ; also Cardium Paidini and
Corbula Saulcyi at Maltepe.

In the district south-east of the fault which stretches from Mount
St. Elias to Ganos a series of sands, marls, and clays occur, with
which naphtha -bearing beds are interstratified. The lowest

beds visible are clays containing indeterminate Unioniform shell-

remains, probably Pliocene; the beds above are generally light-

coloured and very variable in composition.

From the junction of the Deli Osman Biver with the Milos Brookr

320 feet above the sea, the river runs 3 miles eastward to the village

of Hora, where it falls into the Sea of Marmora. At this junction

naphtha in fair quantity, and under considerable gas-pressure, has

been obtained from borings about 300 feet deep. Appended is the

section of a borehole, 1| inches in diameter, which has yielded at

the rate of 2 tons in 24 hours.

Section of naphtha-borehole, at the junction of the Deli

Osman River and the Milos Brook.
Feet. Inches.

Yellow loam and boulders 35 6
Grey marls 4 6
Grey sandy limestone 1

Blue and red marls 12
Hard grey limestone 6
Grey marls 4 6
Limestone (chalky) 6
Clay 6
Limestone 6
Marls 11 6
Soft calcareous conglomerate 2
Marls 18
Sandy marls 4
Hard limestone 4
Sandy marls 11 8

Blue and red marls 32
Running sand with brackish water 3
Yellow clay 4
Blue, red, and yellow marls 30 3
Cream-coloured limestone 3
Blue and yellow marls 47

Naphtha.

Limestone 6
Marls 15 6
Hard limestone 9
Marls 15
Sandy marls 28

Naphtha.

Yellow clays 6
Grey marls.
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The naphtha has a specific gravity of about 0-825, and contains

about 10 per cent, of paraffin ; it is accompanied as usual by a flow

of bitter-salt water.

The naphtha-sands and marls, with a thickness of perhaps 1000
feet, occupy the surface from Sarkeui eastward as far as Ganos, for

a length of about 15 miles along the coast, and extend inland for

an average breadth of about 3 miles. The strata are very much
-disturbed over the whole area, and are nearly vertical in places.

The only fossil that I have seen from them is a specimen of a small

variety of Melanopsis. West of Sarkeui the naphtha-sands are

hidden by red stony clay, but show in many of the gorges.

Indications of naphtha, in the shape of sands with a strong smell

of petroleum and surface-oozings of bitumen, occur at many points

between Ganos and Sarkeui. Several beds of lignite, 12 to 18 inches

thick, are intercalated. North-eastward from the naphtha-borings,

these sands and marls can be traced for about 1| miles, nearly as far

as the village of Kilos, where they have a conglomerate-capping
eontaining Planorbis and Cyrena, and dipping 30° northward.

It has hitherto proved impracticable to determine from the

surface whether the Eocene sandstones and limestones exist under
the Pliocene strata ; but a deep boring now proposed will probably

settle this point, and also the presence or absence of the coal-horizon

in this part of the country.

The stony clay, which has several times been referred to, is

spread unconformably over all the formations already described. In

general it occupies the lower grounds, but has no apparent connection

with the present drainage-system. At Ibridji it covers a limestone-

saddle about 420 feet above the sea-level. In many places it is of

considerable thickness, and a shaft sunk in it to a depth of 170 feet

near Boztepe has not reached the bottom. At the eastern end of

the district, it abuts against the flanks of the sandstone-mountains

of the Tekfur Dagh to a height of about 1000 feet, and forms a

considerable mass, covering a saddleback which forms the water-

parting of the Ganos and Milos Brooks, and stretching down
both valleys towards the sea, with a thickness, where exposed in a

ravine leading to the Ganos Brook, of at least 100 feet, and a surface-

slope of about 4° from the mountain.

Many scratched and striated sandstone-boulders (see

figure, p. 158) occur in the clay near Milos village, at 900 to 1000 feet

above the sea-level. Lower down the Milos Yalley near the naphtha-

borings, the mass changes in character, and becomes much more
stony and full of subangular and facetted sandstone-boulders, which
fill up the valleys through which the Deli Osman River and Milos

Brook run. The existing streams have cut their way through this

deposit, rearranging the boulders and carrying them down the valley

towards the beach at Hora. Neither the upper nor the under surface

of the stony mass agrees at all in slope with the existing river.

One of the borings for naphtha, starting from the river-level, passed
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through 60 feet of clay and boulders ; while half a mile above the

naphtha-borings, in the Deli Osman Valley, there is a cliff-section

Scratched sandstone-boulder, Milos. (Length= about 2 feet.)

[From a photograph.]

60 feet high from the river-level, composed of 40 feet of boulders-

and clay, with a capping of sand slipped down from the naphtha-

bearing strata.

At the naphtha-borings, the upper surface of the stones is about

12 to 17 feet above the river-level, and presents a series of parallel

ridges, about 5 feet high, curving diagonally, with a downstream
convexity, across the Milos Valley. These ridges are full of boulders

up to 3 tons in weight, and have a general surface-slope down the

valley of 3°. The river-slope is 1°, and no boulders of more than

5 cwt. are visible in the channel.

The stony clay merges similarly into a mass of stones in the

Ganos Valley, as the sea is approached. This valley is prolonged

into the Sea of Marmora to a very remarkable depth, rivalling the

deepest fiords of Norway : soundings of 533 fathoms being shown on

the Admiralty Chart about 4 miles east-north-east of Ganos and
within 1J miles of the coast, which at this point is formed by the

steep sandstone-cliffs of the Tekfur Dagh, dipping 30° inland.

Farther west there are scarcely any soundings of 50 fathoms for

more than 100 miles towards and through the Dardanelles.

At the Hora Lighthouse, about 1 mile to the south-west of the

river-mouth, a very well-marked 'raised beach' occurs at 130 feet
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above the present sea-level. The remains consist of rounded

sandstone-pebbles up to 2 inches in diameter, cemented into a strong

concrete by a calcareous matrix. Where the underlying sands,,

which dip about 10° north-eastward, are weathered out, large

tabular masses of concrete, 3 and 4 feet thick, have tumbled down
the slope; but the upper surface, where preserved, is singularly level,

and can be traced for f mile along the coast.

The lighthouse is built on the most salient remaining knoll. The
natural concrete contains, between the pebbles, abundant specimens

of the recent fluviatile shell Dreissensia polymorpha, and a Neritina

(probably N. danuhialis), showing that, at the time of the formation

of this beach, the Dardanelles Channel could not have been open to

its present depth. The fresh water within the Sea of Marmora
^ust, at that epoch, have stood at a sufficient height to collect the

drainage of the whole of South-eastern Europe and Western Asia,

an area of at least 2,000,000 square miles, into a freshwater

sea, from which the volume of water discharged would, even with

the present small rainfall, not be less than twice that of Niagara.

The Dardanelles Channel is itself a gorge cut back through soft

horizontal Miocene strata, with every appearance of rapid erosion by
failing water.

At Myriophyto, 6 miles west of Hora, there are obscure traces of

a pebble-conglomerate at about 330 feet above sea-level; but I could

not find enough material in situ to enable me to speak with con-

fidence as to whether the remains are those of another ' raised

beach.'

Along the Anatolian coast of the Black Sea, terraces occur at

several points, at various heights up to about 700 or 800 feet, as-

judged from the sea. Prof. Wright, in his paper read before the

Society on March 6th, 1901, 1 described one of these at Trebizond at

the 650-feet level, as a deposit of fresh-looking beach-gravel. I think

that the freshwater beach at Hora affords a strong presumption that

the water, when standing at these higher levels, was also fresh, and
not brought in from the Mediterranean.

A high level of fresh water, gradually collected by rainfall or ice-

drainage, and released by rapid erosion of the drainage-channel from

the levels indicated by these beaches, may account for a number of

perplexing problems in these regions, without invoking a series of

inland continental subsidences and subsequent re-elevations.

I have to thank Mr. R. B. Newton, F.G.S., for very kindly

identifying many of the fossils collected.

EXPLANATION OF PLATE IV.

Geological sketch-map of a portion of Turkey-in-Europe, bordering the Gulf
of Xeros and the Sea of Marmora, on the scale of one quarter of an inch to the

mile.

1 Quart. Journ. Geol. Soc. vol. lvii, p. 249.
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Discussion.

Prof. Sollas remarked on the great interest of the observations

contributed by the Author to the history of a district which would
always be associated in the minds of geologists with the genius of

Neumayr. That Eocene beds were involved in the structure of the

JEgsean ' island ' was a new and hitherto unsuspected fact, which
would render necessary some corrections in its outlines, if not a

fundamental change in our conceptions concerning it. Hitherto

the oldest post-Palseozoic beds recognized in the district were the

Sarmatian, and curiosity was naturally aroused as to the nature of

the succession intervening between these deposits and the Eocene.

It was to be hoped that the Author would be able to furnish sections

in illustration of this question.

As regards the origin of the Dardanelles, Neumayr had supposed

that they had been produced probably as a valley along a line of

fracture, and at a time so recent as the Pleistocene. Prof. Andrussov,
however, had given reasons to show that they were probably already

in existence during the Upper Pliocene, since the Chauda Beds of

Kerch occur, according to him, near Gallipoli, where they contain

Didacna crassa and Dreissena Tschaudai. Besides this, Dreissena

rostriformis is found both at the bottom of the Pontus and of the

Sea of Marmora, thus proving the existence of Pontic conditions in

that Sea during late Pliocene times. In view of these facts, the age

of the ' raised beach ' becomes a matter of extreme importance ; if it

is not on the horizon of the Chauda Beds, fresh difficulties arise

in our study of this problem, which may be welcomed as likely to

lead to a more complete solution.

Virchow had described undulating ridges stretching across the

alluvial plains of Troy, containing large blocks of stone derived from

the mountains behind ; and Neumayr commented on the interest

of this discovery, in view of the fact that no signs of extended glacial

action had been furnished by the Balkan Peninsula. The present

Author's observations confirmed and extended the conclusions of

Virchow, even if the evidence as to the existence of glacial striae were
of a very doubtful character, as to him (the speaker) it seemed to be.

Prof. Hull considered the paper of great interest, as bearing on

the view that the Mediterranean Sea consisted in Pleistocene times

of a series of freshwater lakes connected with the Black Sea by
the Straits of the Dardanelles, and by channels now submerged,

one of which had been traced by soundings by Admiral Spratt.

When elephants and hippopotami inhabited Malta—as shown by
Leith Adams— the surrounding waters were unquestionably fresh,

the outlet into the ocean being closed. The Author's description of

the great boulder-clay formation suggested the agency of glaciers

in Asia Minor during Pleistocene times ; and this was by no means
improbable, when we recollected that glaciers had descended from

the Lebanon, and had left their terminal moraines at a level of

4000 feet above the sea, from which the cedars were now rising, as

described by Sir Joseph Hooker.
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Prof. Seeley desired that the Author should state the physical

evidence on which, he inferred the former great development of the

freshwater lake assumed to be represented by the Sea of Marmora.
The genus Dreissena was met with in the marine Miocene of

France, and Neritina was separated by so uncertain a boundary
from the marine Nerita, that the palasontological evidence was not

conclusive that freshwater conditions had given place to marine

in the way stated. The change was not improbable, but it

needed demonstration. It did not appear evident to the speaker

that the rhyolitic outbursts could be determined as of definite

geological age : they pierce indeed the Nummulitic Series, but there

was need of local evidence to fix their age.

Mr. H. W. Burrows remarked that the assemblage of fossils was
not very convincing, as to either exclusively marine or exclusively

freshwater conditions ; and they might well be of nuvio-marine

origin. The presence of foraminifera, however, would be distinctive,

and he therefore recommended microscopic examination of the

specimens.

The Author replied that he thought that the occurrence of

marine Miocene (Helvetian) shell-beds at Erekli on the Gulf of

Xeros required a much greater change in the position of the coast-

line of the Miocene iEgean land, than Prof. Sollas seemed in-

clined to admit. The displacement would not be less than 100
miles from the line shown in Lapparent's ' Traite de Geologic'

The Author had quite recently examined the Quaternary shell-

beds at Gallipoli, referred to by Prof. Sollas, of which a sketch-

section was given in Calvert & Neumayr's paper. 1 This section is

described in their paper as composed of eroded remains of Tertiary

beds, tilted and dipping inland, overlain by the horizontal shell-beds

to a depth of 30 or 40 feet, the latter forming steep cliffs towards
the Hellespont.

The Quaternary beds examined by the Author form a very solid

shell-conglomerate, with horizontal partings, split vertically in

many places into columnar masses, and protected from further

erosion by a talus of their own material in large tabular blocks,

extending in places for 100 feet into the water. These blocks are

generally tilted, so as to present the appearance of an inland dip,

but no older material is at present visible. In any case, the Author
did not think that these shell-beds materially affected the question

of the erosion of the Dardanelles, as they did not make up more
than a twentieth part of the height of the cliff-sections visible in

the channel. He also thought that the deposition of these shell-

beds was subsequent to the erosion of the channel, as Calvert &
Neumayr stated that out of 33 species of shells occurring in

them, 29 were still living in the Mediterranean, generally widely
spread.

The Author quite admitted the fact pointed out by Prof. Seeley,

1
' Die jungen Ablagerungen am Hellespont, ' Denkschr. k. Akad. Wissensch.

Wien, vol. xl (1880) pp. 357-78 & 2 plates.

Q. J. G. S. No. 229. m
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that the presence of Neritina in the raised beach at Iiora did not

necessarily imply absolutely fresh water (though the identification

of Neritina danubiaUs was confirmed by Yicornte d'Archiac on

a specimen from the same place) 1
; but he submitted that this was

not necessary to his argument, which was that the presence of

these shells did show that at the time of this deposit there was no
influx, as there was at present, of Mediterranean salt-water to the

locality. The only way, as it appeared to him, by which it could be

kept out, would be by a difference of level between the Mediter-

ranean and the Sea of Marmora, the latter being the higher. If

this were granted, the Author saw no reason to prevent the fresh

or brackish water from having stood at one period at the level

indicated by this beach, or at any other level required to effect the

erosion of the Dardanelles Channel.

1 Tiquesnel's ' Voyage dans la Turquie d'Europe' vol. ii (1868) pp. 480,481..
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10. A Process for the Mineral iiNALrsrs of Rocks. By William

Johnson Sollas, D.Sc, LL.D., F.R.S., F.G.S., Professor of

Geology in the University of Oxford. (Read January 22nd,

1902.)

It seems now to' have become generally recognized that a natural

classification of igneous rocks must rest ultimately on a chemical

basis. The petrographer has thus become confronted with the

necessity of an indefinite multiplication of chemical analyses, and
may well shrink from the vast expenditure of time and labour that

this involves. For many rocks there is no escape from this im-

pleasing prospect, but in the case of others, that is, all holocrystalline

kinds which are not too fine-grained, the question suggests itself

whether a quantitative estimation of the mineral composition might

not solve the problem with sufficient accuracy. Provided that the

chemical composition of the mineral constituents does not vary

capriciously, but is definitely related to their physical properties,

such for instance as their specific gravity, there would seem to be

no good reason why it should not ; while, as I hope to show later by
instances, there even appear to be grounds for concluding that the

question can be more positively answered in the affirmative.

In attacking the problem, the first step is to devise a method
for obtaining a quantitative estimation of the mineral
composition of a rock; and I may therefore proceed at once

to describe a process which has been found to yield remarkably
accurate results.

A fragment of the rock required for analysis having been selected,

it is reduced to powder, by the usual process of crushing in a steel

mortar and sifting through copper wire-gauze. The meshes of the

sieve should number on the average 12 to the square millimetre, with
a variation not greater than 2 on each side of this. The whole of

the fragment of rock should be powdered, and none of the grains

rejected.

The specific gravity of the several components must next be deter-

mined, by means of a diffusion-column such as has frequently been
described elsewhere. The heavy fluid used in this process should

be methylene-iodide ; acetylene-bromide is much less expensive,

but its viscosity is far greater, and its vapour in a closed room may
prove very injurious to the eyes. As is well known, the density

of methylene-iodide may be increased up to 3*6 by saturating it

with iodoform, or it may be diminished by dilution with carbon-

tetrachloride, xylol, or benzol. It is convenient to have always
ready for use a series of methylene-iodide and carbon-tetrachloride

mixtures of definite specific gravity, differing from each other by
intervals of 0*1, say from 3'34 to 2-44.

A long, narrow, glass tube, graduated in centimetres, and fitted

Q. J. G. S. No. 230. n
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with a well-ground glass stopper to prevent evaporation, is used for

making the diffusion-column. Methylene-iodide is first introduced

by means of a pipette, till its surface reaches the first centi-

metre ; fluid of sp. gr. 3*24 is next added, till the second division is

reached ; and so on, till the lightest fluid required is finally added.

A tube to contain the entire column would be inconveniently long

:

it is better therefore to make the column in two or more parts, two
will usually suffice, using two tubes for the purpose. The column
may extend from 3*34 to 2-84 in the one and from 2*94 to 2*44 in

the other. Into each of these the powdered rock is introduced, as

much being added as will lie on the point of a broad-bladed pocket-

knife : the tubes are then stoppered, and left to stand. The mineral

grains soon separate out into layers, according to their specific

gravity. If each mineral were of a constant composition, and if

each grain of the powdered rock consisted of but one kind of

mineral, the layers would always be sharply defined, but this is very

rarely the case. As a rule the grains arrange themselves in dense

zones,—thus showing that to this extent they are homogeneous

;

but the fluid in the spaces intervening does not by any means
remain clear, mineral grains extending from one zone to another.

It might at first sight appear as if this fact alone presented an
insurmountable obstacle to the quantitative determination of the

mineral composition of a rock, at all events by any process of

mechanical separation. Fortunately, however, this is not the case.

The chief reason why the grains extend from zone to zone is that

they are not all small enough to be homogeneous, some consisting

partly of one mineral and partly of another. But evidently, on the

doctrine of chances, in a mixture of two minerals in equal propor-

tions as much of the heavier mineral associated with the lighter one

will lie above the mean line between two zones, as of the lighter

associated with the heavier below it ; and thus, if the mixture be

introduced into a fluid of a specific gravity which is the mean of

that of the two minerals, the lighter with a certain quantity of

associated heavier mineral will float above, and the heavier mineral

with a corresponding contingent of lighter will sink below. The
fallen grains, together with those floating in the lower half of the-

separating liquid, may be collected and weighed, and their weight

will represent that of the heavy mineral taken alone. Similarly

with the lighter grains. Were the grains needed for the purpose of

chemical analysis separation in this manner would be futile, but

for our purpose the method is both logically correct and successful

in practice. If the two minerals in the case which we have supposed

should not be present in equal proportions, that circumstance will

not affect the argument.

The component minerals having assumed a position in the

diffusion-column corresponding with their specific gravity, this

must next be determined : it may be taken as that of the middle of

each zone into which they have collected. The determination is

most quickly and conveniently made by means of beads of known
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specific gravity. A series of beads should be at hand, differing in

specific gravity by intervals of two or three units in the third place

of decimals. When one of these is found to float above a zone but

not far removed from it, and another similarly below, the difference

in vertical distance between each and the centre of the zone is

directly proportional to the difference in specific gravity, which may
thus be calculated. This determination having been made, the

actual separation of the minerals of the rock may next be under-

taken. Before I proceed to describe this, I may call attention to

the important information which is incidentally afforded by the use

of the diffusion-column ; for it not only provides us with a know-
ledge of the specific gravity of the component minerals of a rock,

but shows at a glance what minerals are absent as well as which
are present, thus supplementing in a ready manner the knowledge
acquired by an examination of thin slices. Orthoclase, which might

readily be overlooked when present in small quantity in a basic

rock, thus frequently reveals its existence, while its absence is as

often confirmed.

In describing the process of separation, we may suppose as an
instance that we are provided with a rock containing orthoclase

(sp. gr. 2*56), quartz (sp. gr. 2'65), andesine (sp. gr. 2-67), biotite

(sp. gr. 3-1), pyroxene (sp. gr. 3*3), and magnetite. The fluid used

for the first separation should then have a specific gravity of 2*885,

the mean of that of andesine and biotite. The rock may by its

means be divided into two portions, the heavier of which will

contain the biotite, pyroxene, and magnetite ; the lighter the ortho-

clase, quartz, and andesine. If, however, one of the minerals

present a wide range of specific gravity, the line of separation

between it and its neighbours should be drawn midway between its

extremes. Thus in the case of biotite, which may range from 2*9 to

3*1, we should divide it from andesine by fluid of sp. gr. 2*78. The
quantity of the rock taken for analysis should have been previously

determined by weighing. The sum of the weights of the separated

portions should be compared with this, and the loss distributed. Each
of the two portions may be treated in the same way, the quartz

and orthoclase being separated from the andesine by fluid of

specific gravity 2*66, the orthoclase from the quartz by fluid of specific

gravity 2*605, and so on for the other constituents. By making
the first separation in the middle of the series, we are able to

operate simultaneously upon the resulting portions and thus to save

time.

The separating apparatus (figured on p. 166) that I have found

most convenient in practice consists of a wide glass tube, expanded
into a pyriform enlargement at its upper end. It is fitted with well-

ground stoppers above and below ; and with a third stopper carried

at the end of a long glass stem, both stopper and stem being-

traversed by an axial canal of narrow, but not capillary lumen.

This stopper fits into the separator at about the commencement of

the pyriform enlargement. In making a separation, the lower
n2
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stopper having first been securely fitted in, heavy fluid of the

required specific gravity is introduced, till it fills the vessel up to the

level of the greatest width of the upper part : 2 or 3 grammes of the

powdered rock are then

Apparatus for separating minerals of added, the upper stopper

different specific gravity. inserted, and the whole
well shaken. The sepa-

rator is laid horizontally

on the table till separa-

tion appears complete; it

is then tilted slowly into

the vertical position ; is

again shaken, and left to

stand. The separation

will be the more complete

the more frequently the

fluid is agitated. As
there may be a slight

leakage at the lower

end, the separator is

placed to stand in a

beaker, resting in a

gently inclined position,

so as to offer as large a

surface as possible to the

floating powder. When
the separation is nearly

complete the separator is

restored to the vertical

position, so that all the

heavier material may find

its way into the lower

leg. The upper stopper

is then removed, and the

middle stopper gently

pushed through the layer

of floating material, the

open end of the canal

traversing it being kept closed by the thumb. After passing

through the upper layer, the stopper may be washed to free it

from adhering grains by carefully moving it from side to side

in the clear fluid below; directly it appears to be clean it may
bo suddenly dropped into place. Experience shows that it does

not carry down any appreciable quantity of the supernatant grains.

The separator is next placed in a conical glass vessel—the re-

ceiver—having a constriction near its base, into which the lower

stopper fits by its head. By gently rotating the separator to and
fro the stopper is set free, and the heavier material may be

removed from the lower leg. If this should not be present in large

amount it will flow out along with the heavy fluid, as the thumb is
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removed from the capillary of the stopper, or even sometimes before.

If, however, there be a considerable quantity of the heavy powder,
it will not at once leave the tube, but will form a plug stopping up
the orifice ; advantage may be taken of this, to save the inter-

mediate step of collection in the receiver. Keeping the thumb on
the opening of the canal in the stopper, the separator may be

brought over a fumiel containing a paper filter and the contents of

the lower leg discharged at once into this. The heavy fluid which
flows through is stored for subsequent use, and the first washings,

made with carbon-tetrachloride, are also preserved, as they contain

a considerable quantity of methylene-iodide. The powder having

thus been brought onto a filter, either directly or from the receiver,

the lower leg of the separator is washed by immersing its aperture

below the surface of benzol contained in the receiver, and drawing
this up by suction through the canal of the stopper. To complete

the washing benzol may be driven from a wash-bottle through the

canal of the stopper. The powder which is thus extracted is added
to that on the filter, the whole is well washed with benzol, and dried

in a water-oven. It is then ready for weighing.

The separator is next brought over another filter, the middle

stopper very carefully removed, and the upper portion of the fluid

with its floating grains allowed slowly to escape. After collecting

the heavy fluid and the first washings with carbon-tetrachloride the

separator is cleaned with benzol, supplied from a wash-bottle, into

the filter. This cleansing also washes the powder in the filter,

which is then dried and weighed.

When all the minerals have been separated and their proportion

determined by weighing, the analysis may be checked by comparing
the specific gravity of the rock in bulk, with that calculated from
the specific gravity and proportion by weight of its components,
according to the equation

:

\da <V del

where D is the density of the rock, A, B, C the proportions joer

centum of its component minerals, and da, d^ de their respective

densities.

From the mineral analysis of a rock its chemical composition can

be calculated. Hence it follows that, in many cases, a mineral

analysis may provide the data required in petrographical classi-

fication. I was somewhat sceptical of its truth when I first

reached this conclusion, but, in order to put it to a test which
should be free from the temptations of personal bias, I requested

my friend Mr. Teall, and afterwards Mr. Harker, to supply me
with samples of rock which had already been chemically analysed,

for investigation. They were to keep me in ignorance of the results

of the chemical analyses until I had informed them of mine, cal-

culated from the mineral separation, for comparison. The rock

sent to me by Mr. Teall was a specimen, as he afterwards
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informed me, of kentallenite, a rock which has been described by
Messrs. Hill & Kynaston. 1 In making my analysis I did not weigh
the several components, having found that their relative proportions

could be determined in most cases by bulk-measurements made in

narrow graduated tubes. Subsequently I found that this process

was inapplicable to rocks containing minerals like biotite, flat-

leaved scales always packing after a law different from that for

angular grains, and giving results which are always too high. I have
no doubt, therefore, that somewhat too great a proportion of biotite

appears in my results. The error introduced into volumetric mea-
surement by the difference in the mode of packing of differently-

shaped grains may be met by first placing benzol in the measuring-

tube, and recording its displacement when the mineral is added ; but

this destroys the simplicity of volumetric estimation, so that no
advantage is offered by it over the more exact method of weighing,

which I now therefore always employ.

The mineral composition of kentallenite was found to be as

follows :

—

Sp. gr. Per cent.

Soda-orthoclase (Ab2 Orx )
2-59 9'64

Andesine 2'67 25*15

Biotite 2-98 17-77

Pyroxene (oblique) 3-20 1592
Pyroxene (rhombic) 3"34 23-00

Olivine 336 Cr07

Magnetite ... 245

100-00

From published analyses of similar minerals with similar specific

gravities the chemical composition was calculated, with the results

given in the first column of the following table ; in the second

column the results of direct chemical analysis, as communicated to

me by Mr. Teall, are given for comparison.

Si0o

I.

50-3
II.

52-09

ALO, 12-6 12-25

Fe.£>
3

2-6 1-84

FeO ,
5-9 711

CaO 10-7 7-84

MgO
KQ

11-9

2-1

12-48

301
Na 2

29 2-04

H . 06 051
TiO„ 0-4 0-73

P,0- . 03 0-34

100-3 100-24

On my informing Mr. Harker of the results of the examination

of the two specimens which he had sent me from Skye, he tabulated

them along with the results of their chemical analysis, as made by
Dr. W. Pollard, in parallel columns as shown on the next page :*-

1 Quart. Journ. G-eol. Soc. vol. lvi (1900) p. 537.
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Skyb Gabbro No. 8043.

Calculated.

(Sollas.)

SiO., 47-81

TiOg trace

A1.,0
3

24-21

CrlO.
Fel03

2-48

FeO 2-84

MnO
MgO 3-49

CaO 15-84

Na.,0 2-07

K>0 040
11,0 086
p;<x

Found.
(Pollard.)
' 4639

0-26

26-34

trace

2-02

3'15

0-14

4-82

1529
1-63

0-20

0-58

trace

Gabbro No. 8194.

Calculated. Found.
{Sollas.)

47-81

100-00 100-82

2102

2-21

4-44

013
5'10

17-17
1-50

0-15

0-47

100-00

(Pollard.)

47-28
0-28

21-11

3-52

3-91

0-15

8-06

1342
1-52

0-29

0-66

trace

100-20

Xo doubt the close approximation between my results and
Dr. Pollard's, especially in the case of specimen 8194, is to some
extent due to the predominance of felspar in these rocks, and to

the fact that the analyses of minerals from which I calculated the

composition had been most of them made on Scottish examples.

The mineral composition of the two rocks was determined as

follows :

—

Gabbro 8043. Gabbro 8194.

Sp. gr. Per cent. Sp. gr. Per cent.

Labrador-felspar 2735 to 27 79-50 2"737 65'96

Pyroxene (oblique) 3-21 to 3'335 16'18 3280 32-43
Pyroxene (rhombic) ... 3'40 2*10 —
Magnetite 240 161

100-18 100-00

Some time ago I worked out the mineral composition of the

Leinster granite by the laborious process of weighing areas of

the sections of the component minerals as observed in thin slices,

and it now occurred to me that it might be of interest to apply

the new method to an investigation of Cornish and Skye granites,

in order to obtain material for the comparison of these various

granites in regard to their mineral composition. This could scarcely

fail to be of interest, owing to the fact that these rocks represent

granites of Tertiary, and of approximately Permian and Silurian

age. The Cornish granite was studied by Miss Davies in my
laboratory ; she obtained the following results :

—

Orthoclase

Albite

Sp. gr.

2-560
2-624

Per cent.

24-62

1344
Quartz 2-645 40-23

Muscovite
Biotite

Magnetite and zircon

2-825

3-065

10-09

11-46

0-16

• 100-00
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The chemical composition, as calculated from these results, is given

in column I below ; in columns II, III, and IV are the results of

analyses of Cornish granites given by the late J. A. Phillips. 1

II. III.

[Penrhyn.~\

(Calculated.)

Si0
2 7401

A12 3
14-28

Fe.O. -68

FeO " 1-86

MnO 014
MgO 0-14

CaO 027
Ko 4-76

Na,,0 232
Li o 008
H2
"0 0-71

F 0-41

Po0, 010

[Cam Brea.~\ [Botallack.]

(Found.) (Found.)
74-69 74-54
16-21 14-86

trace 2-53

1-16 0-23

0-58 —
0-48 —
0-28 0-29

3-64 3-73

1-18 3-49
0-10 trace

1-23 0-87

IV.

\_Chyivoon

Morvah.~\

(Found.)
70-65

16-16

1-53

0-52

0-55

8-66

0-54

1-22

99-76 99-55 100-54 99 83

Specific gravity... 64 2-66 2-62

The concordance between the chemical composition found directly,

as given by columns II & III, and that calculated from the

mineral composition, leads to the inference that the rocks analysed

by John Arthur Phillips possessed a mineral constitution similar

to that of the rock examined by me : yet no two of the specimens

came from the same locality. It would thus appear that the

Cornish granites possess, and maintain over a wide area, a con-

siderable degree of uniformity.

A comparison of the mineral composition of these granites with

those of Leinster may be made from the following table :

—

Cornish
Granite.

Leinster
Three-Rock
Granite.

Leinster
Augiirim
Granite.

New
Zealand
ToNALE
DiORITE.

Orthoclase - 24-62 15-59

30-16
9-17

36-16

1 8-93

9-19

3714
14-00

31-89

7-33

0-55 3

3-80

30-96

20-64

1700

21-00
4-80

1-70

f Albite 13-42

\ Anorthite
40-23

1009
11-46

0-16

Muscovite
Biotite

Hornblende
Magnetite and heavy

1 Quart. Journ. Geol. Soc. vol. xxxi (1875) p. 330.
2 The potash -felspar is orthoclase in the Cornish granite, microcline in

that of Leinster.
3 Sphene and epidote in this case.
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A greater difference appears in the mineral composition than the

chemical analyses would at first suggest, owing to the excess of

alkalies and calcium in the Leinster granite having found its ex-

pression in the soda-lime felspar rather than in the micas.

The transition from a typical granite, like that of Cornwall, to

Tonale diorite would seem to take place through granites like

those of Leinster, as will he seen by tracing the passage through

them to the Tonale diorite, of which the mineral composition is

given in the last column of the foregoing table. There is a steady

falling-off in the orthoclase. The albite-molecules, after reaching a

maximum in the Aughrim granite, diminish in number, while those

of anorthite increase. The impoverishment in quartz takes place

more suddenly, and muscovite disappears altogether on passing from

the Aughrim rock to the Tonale diorite. There is also a marked
increase in the proportion of biotite and of the heaviest minerals,

while a small quantity of hornblende occurs for the first time and
links on the Tonale diorite to the more common varieties of this

rock. The Aughrim granite occurs as an isolated exposure to the

east of the main mass, and is of somewhat later date: its position in

petrological classification is evidently on the borderland between
true granite and Tonale diorite. It may be observed in passing

that in the examples studied the post-Ordovician granites of Britain

are more basic in character than the post-Carboniferous, and these

are more basic than the Tertiary.

A question will naturally arise as to the reasons by which we
may be guided in making a choice of any particular one, from
amid so many published analyses of a mineral species—and these

generally so widely divergent in their results,—as that most
likely to represent the composition of the gathering which we have
obtained on the separation of a rock. There would seem to be
mainly three. First, if possible, the analysis should be that of a

mineral obtained from the same kind of rock as the one under
investigation ; evidently it would not be wise to choose an analysis

of a biotite taken from a limestone or a schist, when that which we
have in hand has come from a granite. It is not, however, necessary

that the analysis should be that of the mineral in the form in which
it generally contributes to the igneous mass, since the minerals

segregated out in veins in many cases possess the same composition

as those of the parent-rock.

In the next place, the mineral should, if possible, have been
obtained from the same locality or district as that of the rock under
examination. And last, its physical properties, under which specific

gravity may be particularly mentioned as one of the highest im-

portance, should be similar to those of the separated mineral.

When all these conditions are satisfied, very exact results may be
obtained from a mineral separation ; but I imagine that the future

success of the method will depend in greatest measure on an exten-

sion of our knowledge of the manner in which the physical properties

of a mineral may be correlated with its chemical composition.
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Herein lies a great field of work. At present a really satisfactory

"beginning has been made in the case of the felspars alone ; and it is

fortunate for this method that these minerals enter so largely into

the composition of most igneous rocks. But with the great advance
which has marked of late our processes of investigation, a
rapid progress may be looked for in this direction. All that is

required is that the chemist and mineralogist should work more in

union : many good analyses are practically worthless, because the
mineral of which they have been made has escaped a physical

investigation ; and many physical investigations are shorn of

half their value, because they have been made on material, the
chemical composition of which has been imperfectly determined,

if at all.

After reaching this stage in our enquiry, it appeared to me
necessary to investigate more closely the degree of exactitude with
which a mineral separation may be accomplished. I have conse-

quently made some experiments which may contribute towards a

solution of this question.

The impalpable powder or ' flour,' which is necessarily produced
from a rock in the process of comminution, may obviously prove a

serious source of error, since, becoming entangled among the

larger particles or grains, it may retain a position in the separator

altogether independent of its specific gravity. To remove this flour

might tend to increased accuracy, and would certainly shorten the

time required for subsequent operations ; but naturally, before

actually venturing on such a step, we must first ascertain whether
the amount of flour in relation to that of grains is constant for

different minerals, or, still more important, whether any process

that we may adopt for the removal of the flour may not carry away
different amounts of it in different cases. To determine this, 2 or

3 grammes of a mineral were crushed in a mortar, passed through a

fine sieve, and a weighed quantity placed in a wide beaker ; water
was added to a depth of 10 mm., the mixture stirred and allowed

to stand for 15 seconds ; the supernatant fluid was then poured off

onto a filter, and the process repeated until at the expiration of

15 seconds the water remained clear. The grains remaining in

the beaker were washed onto a filter, dried, and weighed, as also

Avas the flour that had been removed. In this way the quantity of

flour separated by washing was directly ascertained. The following

me the results for a few important rock-forming minerals :

—

Per cent. /

Orthoclase 22"58 to 22-94

Quartz 2094 to 24-20

Hornblende KV27 to 16-73

Augite 15'56

Biotite 1950

From an examination of this list it would appear that the amount
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of fine flour washed away is in the first place inversely proportional

to the specific gravity, and in the second dependent on the form of

the grains and the brittleness of the material. Quartz has given

rather widely differing results, and is still under investigation.

It appeared possible that, when two different minerals were
pounded up together, the amount of flour produced might not be

the same as when they were pounded separately. To determine

this, an experiment was made with orthoclase and hornblende—two
minerals which yield very nearly constant results when washed
separately. Some fragments of adularia, weighing 4-3158 grammes,
and of basaltic hornblende, weighing 2-6846 gms., were crushed in

a steel mortar and passed through a fine sieve : the resulting

powder weighed 6-8290 gms., so that 2-45 per cent, of the material

was lost in the process of comminution. Of the powder 3-6271 gms.

were taken for washing, and lost 0*8641 gm. or 24-05 per cent.

The washed and dried powder was placed in the separator,

2*7150 gms. being operated upon ; it yielded 1*6201 gm. of ortho-

clase and 1-0931 of hornblende, the loss being 0-0125 gm. Let the

original weight of the orthoclase be represented by Or and that of

the hornblende by Hb ; also let the loss of orthoclase be represented

by x and that of hornblende by y. Then, reducing the quantities

given above to percentages :

—

Or 61-65 ,.'.
N Oy-x 59*71

and

W Hb
-

38*35'
(ll) Hb-y~ 40*29

x+y=24*00.

Substituting the values of Or and Hb in (ii) it follows that

59*71

40*29

Hence
*= 16*268 or 26*39 per cent,

y— 7*732 or 20*16 per cent.

The orthoclase is thus seen to have lost 26*39 per cent, in washing,

and the hornblende 20*16 per cent. ; but to compare these numbers
with the loss on separate washing we have the proportion

26*39 : 20*16 = 22*58 : 17*25.

The ratio of loss of orthoclase to hornblende was thus 22*58 : 17*25,

while with separate washing it was found to be 22*58 : 16*27.

The hornblende would thus at first sight appear to have lost 1 per

cent, more in the process of crushing and washing with orthoclase

than when treated alone. But, to investigate this point further,

orthoclase and hornblende were next crushed separately, weighed
quantities of the powders were then mixed and washed, and after-

wards separated. Without entering into details, it may be sufficient
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to state the result :—The ratio of the loss of orthoclase and horn-

blende was found to be 22-58 : 17*82, which is almost identical

with that obtained when the minerals were crushed together. On
now examining the separated powders under the microscope, it was
found that the orthoclase contained a notable admixture of horn-

blende, while the precipitated hornblende was almost free from

orthoclase. The change in the ratio is evidently due to imperfect

separation ; but as the separation was performed very carefully, it

is clear that, within the limits of practicable as opposed to possible

analysis, this imperfection must always be reckoned upon. It

will therefore become necessary to experiment on all the chief rock-

forming minerals, and to determine once for all the constant of

error to be applied in each case.

So far, the proportion of loss has been determined in only a few

cases. They are as follows :

—

Orthoclase : Hornblende = 2258 : 17'25.

Quartz : Hornblende = 19*26 : 18-17.

Quartz : Olivine = 22*87 : 15-85.

The next step was to ascertain how far the presence of flour in

the separator would affect our results. Orthoclase and hornblende

were powdered together, the mixture containing 61*65 per cent, of

orthoclase and 38*35 per cent, of hornblende. Without any prelimi-

nary washing this was introduced into the separator, and yielded

59*65 per cent, of orthoclase and 40*35 per cent, of hornblende ; or

almost precisely the same relative amounts as were obtained from

the washed material, which gave 59*71 per cent, of orthoclase and
40*29 per cent, of hornblende.

In all these cases, acetylene-bromide and benzene were used for

the separating fluid, but it is doubtful whether the lower viscosity

of a fluid produced by mixing methylene-iodide and carbon-tetra-

chloride would greatly affect the results. The conclusion, however,

is clear that a preliminary washing of the powdered rock may
conduce to greater accuracy, provided that we have previously

established the constant of error for each mineral constituent. Of
course, in order to apply this we must always inform ourselves by
weighing of the amount of material removed in the process of

washing. The saving of time thus ensured is twofold. In the first

place, separation can be produced more rapidly, and in the next the

number of necessary weighings is diminished one-half, for in the

case of grains of appreciable dimensions they may be turned out of

the filter-paper into a capsule without leaving an appreciable

quantity behind, and thus the labour of incinerating the filter and
weighing the ash is avoided.

It may be observed that the general tendency of the errors

incidental to separation is to give an under-estimate for minerals of

lower specific gravity, an over-estimate for those of higher specific
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gravity ; and to this is doubtless due the greatest discrepancy in my
calculation of the composition of kentallenite, the silica falling 2 per

cent, below the amount found by analysis. An error of almost the

same amount appears in two other cases that I have studied

—

one a Tonale diorite from Adamello, and the other a similar

rock from New Zealand. In the Adamello rock the results of

a mineral separation and the deduced chemical composition are as

follows :

—

Per cent.

Orthoclase 3-20 ...

! Quartz 22-18 ...

Andesine 50*62 ...

Biotite 17*53 ...

|
Hornblende 619 ...

Magnetite and\ .2g
sphene J

Analysis by G-. vom Rath.
(Total: 98-99.)

Si0 2 Al2oJ Fe2 3 FeO CaO MgO K2 Na2 H 2

2-07 0-59
i

0-54

22-18

30-29 12-89
|

3-53 3-91

6-45 2-54 3-07 2-95 0-29 i-2-i 0-98 0-03

?3'44 1
0-52 0-80 1-43

64-43 16-02 3-07 3-47 4-62 2-65 1-52 3-94

66-91 15-20

I

6-45 3-73 2-35 0-86 3-33 0-16

Even if we disregard the small quantity of magnetite and sphene,

it is clear that Gr. vom Eath's analysis is not perfect, since it indicates

all the iron as existing in the ferrous state ; while an independent

analysis of the biotite, also by him, showed the presence in this

mineral of a larger quantity of ferric than of ferrous iron. The sum
moreover is more than 1 per cent, too low. These inaccuracies, how-
ever, do not greatly diminish the importance of the differences between
the results, as found by calculation on the one hand and by analysis

on the other. The silica in my estimate is over 2 per cent, too low,

while the alumina, calcium, potassium, and sodium are too high ; and
this is a natural consequence of an over-estimate of the proportion

of the ferro-magnesian to the more acid minerals.

It still remains to point out certain cases in which the mineral

separation alone will fail to inform us certainly of the chemical

composition of the rock. Foremost is the question of the alkalies,

which may most forcibly be illustrated by an instance such as

that of the Plauen syenite. Neglecting the quartz, the amount of

which I have not determined, the mineral composition of this rock
is as follows :

—

Per cent.

Orthoclase and inicroperthite 28*72

Oligoclase (spec. grav. 2-645) 51*99

Hornblende (spec. grav. 3'2) 16-87

Zircon, magnetite, and sphene 2*42

100-00

The chemical composition as deduced from this is as follows :

—
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Per ce,nt.

Sphene 0-4K4 ...

Magnetite |
and zircon /

Oligoelase 51*99 ...

Orthoclase ...28-72 ...

Hornblende... 16-87 ...

(Total: 100-79.)

Analysis by Prof. Zirkel

(Total: 101-03.)

Si0 2 Ti0 2 A12 3 Fe2 3
FeO
MnO CaO MgO K2 E"a2 H 2

0-142

33-72

18-59

7-38

0-184 0-008

11-47

5-27

o-io

1-349

o-oi

0-607

5-04

0-11

1-57

2-75

0-004

*2-61

'4-86

(by

5-23

difFere nee)

59-832

59-83

0-184 16-85

16-85

1-35 5-65

7-01

4-43

4-43

2-61

261

U-86

6-57

5-2S

1-29

The specific gravity, as calculated from the composition, is 2*73. Prof. Zirkel

gives it as 2"865. The specific gravity of the specimen that I examined was
2-724.

Not only do my results yield a larger total amount of the alkalies

than is obtained on analysis (10*09 per cent, instead of 8*99 per
cent.), but the relative amount of potash and soda is reversed, the

soda being in excess of the potash, instead of falling considerably

below it. Quite possibly the amount of orthoclase in the rock has

been under-estimated, but scarcely, we may fairly conclude, by more
than 2 or 3 per cent., so that the excess of potash must be looked for

in the oligoclase and hornblende. As a matter of fact, both these

constituents give an obvious potassium-reaction to the flame-test.

The next difficulty arises from the occasional association of quartz

with a felspar of the same specific gravity as itself. In the event

of this unfavourable conjunction, a separation of the quartz and
felspar from the other constituents must be made within narrow
limits of specific gravity : a silica-determination will then give data

for calculating the relative amounts in which the associated minerals

are present.

The chance of substitution of ferrous iron for calcium and mag-
nesium, and of ferric iron for alumina, may sometimes lead to error,

and in the case of rocks from localities in which the prevalent

minerals have not been analysed, this must be met by chemically

determining the amount of iron in the rock, a not very laborious

operation by volumetric methods.

Discussion.

The Peesident remarked that this was not the first time that the

Author had made an important contribution to the improvement of

petrographical methods. Most petrographers in this country were
extremely indebted to him for the invention of the method of the

diffusion-column. The method now put before the Society had
yielded in the Author's hands more accurate results than would
have been expected. It was true that he had not yet brought the

process to its full perfection, but it seemed highly probable that

the discrepancies between the observed and the calculated results
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were due to the fact that the Author had had inaccurate mineral-

analyses to work from.

Mr. Holland said that he had frequently made a similar use of

heavy liquids for the quantitative estimation of special constituents

in mineral mixtures like anhydrite and gypsum, quartz and magne-

tite, and other cases in which there was a sufficient disparity of

specific gravities to reduce and eclipse the experimental error.

But he had failed to make a successful application of this method to

ordinary crystalline rocks, and did not consider that it could ever

replace, for the purposes of the practical petrologist, the recognized

bulk-analysis by chemical methods. With rock-constituents con-

taining microscopic inclusions of foreign matter, varying in degree

of alteration, intimately intergrown on a minute scale (like the

various types of pyroxenes and the microperthitic felspars), or

subject to zonal variation by isomorphous replacement, it would be

impossible to obtain a constant of error for application to the results

of separation by heavy liquids. With well-crystallized, simple rocks,

like some granites and gabbros, approximate agreement between
this and the direct chemical method might be possible. But in the

case of such rocks, whose minerals have been separated and analysed,

there is in general no call for any process that does not surpass the

chemical method in precision : while to new occurrences of rocks,

whose constituents have not been so examined, the process is,.

ex Jiypothesi, inapplicable. Even in the illustrative examples worked
out by the Author, there are serious departures from the actual

chemical analyses, especially in connexion with the lime and
magnesia, indicating only partial success in discriminating between
the rhombic and the monoclinic pyroxenes. Errors of a similar

nature must always occur with couples or trios of minerals which
are totally distinctin chemical composition, and yet exhibit differences

of. specific gravity less than their own internal variations. One has

only to recall cases like the spinels and garnets, soda-pyroxenes and
sphene, epidote and hypersthene, sillimanite and hornblende, or

partly altered olivines with any but the densest of these, to show how
frequently it must be impossible to make separations clean enough
for chemical calculations. Erom the standpoint of the practical

petrologist, therefore, the process is capable of very limited applica-

tion, and could never be relied on as a general substitute for the

ordinary laborious method of chemical analysis. Nevertheless, the

quantitative estimation of rock-constituents might with advantage

be practised more frequently, and for facilities to this end peno-
logists would ever be indebted to the Author for his simple and
ingenious diffusion-column.

The Ttev. J. E. Blae:e pointed out that the separation of minerals

by means of heavy liquids was in some cases interfered with,

theoretically at least, by the surface-tension between the mineral

particles and the liquid. If the material had to be ground fine, so as

to ensure that each particle contained only one mineral, its arrange-

ment would depend not only on the specific gravity but also on the
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sizes of the particles, so that heavier and smaller ones might be
mixed with lighter and larger ones. In other cases, no doubt, this

action might have practically no effect.

Mr. H. W. Burrows referred to the process of calculating-

chemical composition from measurement of areas of the different

minerals seen in rock-sections, and asked the Author whether he
considered that method approximately reliable.

The Author expressed his thanks to the President for the kind

words with which he had received this communication. It was
gratifying to think that this method, powerful as it might already

be, was still open to improvements ; the Author hoped to continue

his work on the subject, and meanwhile would welcome any
criticism, especially when of the nature of experiment. There
were necessary limitations to the application of the method, and a

discussion of these would be found in the paper ; but some which
were suggested by Mr. Holland were he thought a priori, and were
disposed of in some instances by the examples that he had just

laid before the Society. The objections alleged by the Kev. J. F.

Blake were also theoretical ; in a well-made diffusion-column every

mineral took up a position in strict accordance with its specific

gravity. Mr. Burrows was to be congratulated on his successful

employment of the well-known method of weighing areas, but the

process was too laborious for common use.
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11. On the Matrix of the Suffolk Chalky Boulder-Clay. By the

Eev. Edwin Hill, M.A., E.G.S. (Read February 5th, 1902.)

Much study has been bestowed upon the boulders included in the

Glacial Clays, their nature, origin, and distribution. The matrix in

which they lie has received comparatively little attention. Yet the

matrix, in many or most, forms by far the largest part. I have

been endeavouring to study this matrix under the microscope, by
washing it, shaking it up with water, and so separating the material

which will settle quickly to the bottom from that which remains

longer in suspension. The process has to be repeated until the water

remains clear, else dust still suspended dries on the surfaces of the

grains which had settled and masks them from examination. I have

collected and dried this finer dust, but it cakes together : I have not

obtained from it much information. The coarser material, that

which subsides first, forming from 40 to 75 per cent, of the whole,

dries to a sand or powder and lends itself readily to examination

with the microscope. I have tried several methods, and have

succeeded best by inspection under direct daylight of the powder
strewn on a slide. Inspected in this manner, Glacial Clays from

localities in East Anglia tell something of their sources. I have

examined specimens from places along a belt of country in Suffolk

extending from Lowestoft to Bury St. Edmunds, a distance of more
than 50 miles ; Lincolnshire material dredged up in deepening the

ship-channel to Boston (kindly sent by Mr. W. H. Wheeler, C.E.)

;

Cambridgeshire specimens from Ely Cemetery and from the

neighbourhood of Bishops Stortford (the latter kindly sent by the

Rev. Dr. A. Irving) ; and a Middlesex specimen from the Marylebone
Cemetery, Einchley.

The coarser residuum, after washing these clays, is a sand or

powder containing grains of quartz, chalk, chert, and other homo-
geneous minerals, generally some sponge-spicules, a few fragments

of shells, and occasionally foraminifera, probably derived. Besides

these many samples contain granules which are portions, generally

rounded, of grey or dark limestone or clay. Some contain cream-
coloured granules which seem to be of a limestone. In some are

granules which appear to be mere aggregates of sand-grains cemented
together. In a sample from the Boston dredgings there are granules

of sand-grains in a chalky paste. A pit about 2 miles south-east

of Saxmundham, where clay is resting on some sands, affords, in the

residue from the clay, fragments, not rounded, of a quartzite which
reminds me of sarsenstone. The grey clay- and dark limestone-

granules are found in the samples from League Hole and Corton
(north of Lowestoft), Halesworth, a pit 1 mile south-west of

Saxmundham, Stowmarket, Norton and Woolpit (about 7 miles east

of Bury St. Edmunds), Cockfield (about 7 miles south of Bury), and
also in the specimen from Finchley (Middlesex). The cream-coloured

Q. J. G. S. No. 230. o
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granules are found in samples from Ely, Horringer (1 mile south-

west of Bury), and Stort Hill near Bishops Stortford. Samples from
Pakefield (south of Lowestoft), Thorley and Hockerill (near Bishops
Stortford), and, as above mentioned, from the Boston dredgings and
the pit south-east of Saxmundham, contain granules of other kinds
or noae. Now, if these localities be laid down on a map, it will be
found that all those from which come granules of the grey clay or

limestone lie within a certain area, and the rest outside it. The
washed residues which yield those granules are, to the eye, all grey
powders; the original clays are all dark (sometimes called blue);

they are so like each other in hand-specimens, that samples from
different places are often indistinguishable. Presenting so many
common features, and occupying a definite district, they must De-

classed together as one.

The clays, the washed residues of which do not yield granules of

this kind, are red, yellow, or grey, and their residues red, yellow, or

whitish. Some are probably samples of the first kind altered ; the

alteration, however, has not removed the fragments of chalk. At
several of the localities— Pakefield, the pit south-east of Saxmundham,
Horringer, Ely—the clay is thin, and the sample came from near
the base. The Woolpit samples were obtained from a well which
was being sunk : the lowest, from some 60 feet down, shows very
few granules. It is easy to suppose that thin beds, or lower parts

of the clay, may have suffered some alteration.

For the origin of these granules we naturally look to the Secondary

clays and limestones. The dark clay frequently contains recognizable

fossiliferous boulders of Kimeridge materials, some exceeding

12 inches across. Portions of these, on being pounded and washed,

produce fragments closely resembling the granules of limestone.

Granules in a specimen from a well at Colchester Green, Cockfield,

contain visible microscopic fragments of black fibrous material

similar to some fossils of the Gault. Gryphseas of the Lias are well-

known inmates of the East Anglian Glacial Clays. All these

Secondary rocks rise to the surface west of the Suffolk area. The
bulk of the materials which make up the matrix may well, therefore,

have been brought from the west.

I notice among most of the residues a few peculiar grains which
differ markedly from the rest. They are always well-rounded,

usually highly polished, in colour dark, most often brown ; varying

in size, but seldom exceeding 0*5 millimetre. They are not seen

in every sample ; I have noticed none in the residues from Corton,

League Hole, and Boston. These localities lie on or outside the

eastern and northern boundaries of the dark-clay area. As I have
also not noticed these grains in residues from Cromer, still farther

north-east, there may be some significance in their distribution.

.

Dr. G. J. Hinde, P.P. S., has kindly looked at some for me and says :

' They do not show any structure, and I conclude that they are of inorganic
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origin. I have seeu similar grains in Lower Greensand material, and also in

Middle Liassic marlstone.'

This again points to sources among Secondary rocks, and in a

westerly direction.

The residues all contain grains of silica, but the dark clays much
fewer than the red and yellow ; indeed, often extremely little. For
instance, in the residues from Corton and League Hole the grey

granules form the chief part, and in the small remainder chalk

predominates. These two localities are on the coast-cliffs north of

Lowestoft, looking out on to the North Sea, with its sandy bottom

:

under the clays lie sands which extend to the north for several

miles—the so-called Mid-Glacial Sands. It is difficult to conceive

how a material containing so little quartz could be produced or

brought by any agent moving over the sea-bottom. If this be true

for coast-cliffs, it must hold good of the other dark clays, on the

landward side of these. Therefore we must not look for the origin

of these clays eastward, in the direction of the sea.

"While examining the clays of the Yorkshire coast, I have several

times noticed in the cliffs included patches of coal-gravel. Micro-

scopic coal I have found in the samples from that .district universally.

The Geological Survey Memoir on East Lincolnshire repeatedly

mentions small pieces of coal as occurring there in the Boulder- Clay. 1

It came into my mind to examine whether such coal-fragments

could be detected in the East Anglian area. Accordingly I have

scrutinized all the washed residues with an eye to this point.

Coal is so unchangeable by weathering or decomposition, that one

would expect the question to be readily settled. It is, however, not

so easily disposed of. There is little difficulty with such pieces as

can be removed from the powder for separate examination ; but

black grains occur, too small for me to pick out. As in the residues

are fragments of black chert, very dark limestones, black spines,

enamel, or bone, black grains may belong to these. I have to rely

upon eye-comparison with the coal-dust in similarly treated clay-

residues from Tynemouth, Sunderland, and the Holderness cliffs.

My conclusions therefore may not be absolutely certain, still they

agree fairly well together.

In some of the samples there appear to be no black grains at all

;

in most, such as are there seem to me not to be coal. Only at

Pakefield, and perhaps in the pits near Saxmundham, I incline to

think that some may be present,—microscopic grains merely ; nc

fragment large enough for me to isolate. Pakefield is on the coast

,

Saxmundham about 6 miles from the sea, on the edge of the clay-

plateau. This apparent absence of coal from the main dark-clay

area, and also from Boston and Ely, contrasts not only with the

presence of coal visible to the unaided eye in East Lincolnshire and in

the Leicestershire clays, but also with the presence of what seems

1 A. J. Jukes-Browne, Geol. Surv. Mem. 1887, pp. 72, 87, 89, & 08.
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to me microscopic coal even south of the Wash, in several Cromer
deposits. There was an agent of transport in Glacial times able to

spread coal-dust from the mouths of the Tees and Humber southward
certainly as far as the south of Lincolnshire, probably to the north

of Norfolk, possibly even to Suffolk itself. It seems that no similar

agent of transport came out of the Humber Basin down the land-

ward side of the Lincolnshire Wolds.

To summarize the foregoing conclusions :—The deficiency in

sand- grains indicates that the materials of the matrix in these

clays did not come from the east. The abundance of matter derived

from Secondary rocks, points to sources in the west or north-west.

The apparent absence of coal shows that nothing came from the

east side of the Lincolnshire Wolds ; adding also the conclusion that

the agents which brought these Secondary materials did not bring

materials from the coalfields of Staffordshire, Leicestershire, Derby-
shire, or Yorkshire. It appears^ then, that the matrix of the
Suffolk Boulder-Clay consists of materials drawn from
a limited belt lying on one side of the basin which it

occupies.
The larger stones embedded in this matrix consist chiefly of

flints : besides these, in some places are assemblages of chalk-blocks,

in others similar assemblages of Kimeridge limestone and shales.

Palaeozoic or igneous fragments are extremely rare. I should

think that, taking matrix and inclusions together, 99 per cent, or

more is of Secondary and western origin.

Discussion.

Prof. H. G. Seelei said that, while the Boulder-Clay iu the East
of England was full of fragments which correspond with local rocks,

there were reasons for believing that it was in part formed when
the level of the land was much higher ; so that the existing coast-

lines could not have influenced the distribution of its constituent

rock-material. He noticed that all the strata on the East of

England strike eastward over the North Sea, and some of them
appear to be indicated eastward by differences in soundings.

There is evidence that part of the Boulder-Cla}* came from the

north-east, in the presence in it of rocks from Norway ; and as the

bed of the North Sea exposed the Secondary rocks, he would
suggest that the materials of this part of the Chalky Boulder-Clay

had a north-easterly origin, being derived from the submerged
outcrop.

Mr. F. W. Harmer said that he was interested to find that the

important investigations of the Author tended to confirm the view
taken by the late S. V. Wood and himself twenty-five years ago, that

the Chalky Boulder-Clay ice came from the north-north-west, from

the region lying between the Wolds and the Lincoln heights, which
contains a series of the Secondary rocks between the Chalk and the

Lias. It could not have come from the North Sea, as has been often
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supposed, as no Chalky Boulder-Clay exists in North-eastern Norfolk,

that is, in the region lying between Norwich and the Cromer and
Happisburgh coast. It comes on suddenly to the south of Norwich,

and extends in an unbroken sheet to the brow of the Thames Valley.

There is a marked difference in the erratics of the Lower Glacial

Beds to the north of Norwich, which are mostly of crystalline

rocks, and those of the Boulder-Clay south of that city, in which
hard Chalk from the "Wolds and Kimeridge Clay preponderate.

His view was that an ice-stream, which he suggested might be

called ' the great eastern glacier," travelled towards East Anglia from

Lincolnshire, keeping to the west of the "Wolds, and spread itself

out like a fan as it reached the lower ground. As the Glacial Period

passed away, the glacier still kept to its original course, but was
confined to the valleys, as those of the Yare and the "Waveney,

which had the same alignment as that of the supposed ice-flow.

His friend, Mr. J". Lomas, had been for some time engaged in the

microscopical examination of the matrix of the Boulder-Clay, and his

investigations, together with those of the Author, would, the speaker

believed, lead to important results. He was inclined to think that

Eastern England stood at this period at a higher level than now.
Mr. H. B. Woodwabd thought that the materials of the Chalky

Boulder-Clay might have been derived from the north-west and
north rather than from the west, as we had to account for fragments

of Red Chalk. Certain crystalline rocks might have been derived

from the earlier Boulder-Clay of the Cromer coast. In considering

the source of the materials, the question of the distribution of the

Chalky Boulder-Clay should not be neglected : and in Buckingham-
shire and Hertfordshire we approached the margin of the deposit,

where Boulder-Clay was intercalated among coarse gravels. Carbon-

aceous fragments were common in the Drifts of East Anglia, and
might have been derived from the Estuarine Beds of Yorkshire.

Mr. A. E. Salter said he was glad to hear that the evidence

brought forward by the Author was in accord with that of the

gravel-deposits of Suffolk, etc., and pointed in awesterly direction

for the source of the Glacial deposits in that area. The broad
Waveney gap pointed to former fluviatile connection with the Mid-
land district, where Liassic strata reached 800 feet above Ordnance
datum even now, after a long period of subaerial denudation. In
his opinion Glacial geologists, who wished to explain the origin of

East Anglian Boulder-Clays, would be forced sooner or later to

consider seriously the following points :

—

(1) The denudation of the Midlands which has brought about the formation
of the Oolitic and Cretaceous escarpments

;

(2) The possibility of long-continued earth-movements of a differential

character over wide areas
;

(3) The fact that the Lower Cretaceous strata of the Midlands contain far-

travelled boulders ; and
(4) That the present outline of the North Sea is quite different from what it

was when the Boulder-Clays were deposited.

Mr. Lamplugh acknowledged himself unable to adopt the attitude

of the Author in discussing these Glacial questions. He urjred that
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the phenomena should he considered as a whole, and not piecemeal.

He would reiterate that all the facts converged to one conclusion,

from which there was no escape—that the North-Sea basin had
been filled with an ice-sheet. The details now brought forward by
the Author could be as well explained by transportation of material

from the north-east as from the north-west.

Mr. Whitaker supported the Author's contention as to the general

westerly derivation of the materials of the Suffolk Boulder-Clay.

He mentioned certain gravels in Norfolk which were largely com-
posed of Secondary materials, evidently derived from the Secondary

outcrops to the west of the valleys in which these gravels occurred.

The Author had, after all, confined his remarks to a comparatively

small district in Suffolk, and this very restriction seemed to lend

additional force to his contention.

Prof. Sollas remarked that the Author's argument against a

derivation from the north or east depended, not on the assumed absence

of Secondary rocks in these directions, but upon the rarity of sand

in the Boulder-Clay under consideration. This, however, might be

explained in more than one way, and did not to his mind preclude

the possibility of a northerly and easterly origin. It would be

interesting to know whether such sand-grains as were present showed
signs of wind-action.

The Author, in reply, remarked that most speakers seemed to

have assumed the clays to be the work of a certain agent, and to have
argued for sources of the materials on that assumption. He had
preferred to investigate the direction of the source ; if that were
found, enquiry as to the agent would be assisted. Mr. Lamplugh
thought that the Yorkshire cliff- clays had been pushed up from the

sea-bed : then the Suffolk clays had not been thus pushed up, for the

sandy matrix of the former was totally different from the fine tena-

cious material of the latter. In regard to Prof. Sollas's enquiry as to

the wind-polished sand-grains, if present these still might have been
derived out of other beds. He used the word ' western ' in a general
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12. On the Relation" of Certain Breccias to the Physical Geography

of their Age. By Prof. Thomas George Bonnet, D.Sc,

LL.D., E.K.S., F.G.S. (Read February 5th, 1902.)

I. Introductory.

Breccias and conglomerates have always attracted me, and the

former especially since I had opportunities, about ten years ago, of

examining one of the most interesting examples in Europe. They
afforded problems, to which I failed to find answers in all respects

satisfactory ; so in the hope of obtaining further information I spent,

during the summer of 1900, some days in the Western Thiiringer-

wald, with my friend the Rev. Edwin Hill, in order to study the

noted breccias of the Rothliegende, and last July again examined,

and more fully than before, the beds of breccia, sections of which
are well displayed along the high road in the Val des Ormonts
above Le Sepey. In former years I had visited the Permian
Breccias of the English Midlands and those now assigned to that

period in Devon. All these exhibit certain features in common,
some of which are also found in the so-called Dolomitic Conglo-

merate in the South-west of England. So I purpose to give a brief

summary of the principal characters of each of these deposits,

concluding with some comparatively modern breccias, in order that,

if I cannot completely unravel their history, I may at least bring

the more significant facts into a clearer focus.
1

II. The ' Brockrams ' oe jNTorth-western England.

These I have never had an opportunit3r of examining, but gather

the following facts from the careful descriptions which have
appeared in print.

2 The beds of Brockram are intercalated in the

red Penrith Sandstone, which in the vicinity of that town is un-

interrupted either by them or by shales. Brockrams can be traced in

a north-westerly direction from Kirkby Stephen to beyond Appleby, 3

and are also strongly developed in Dumfries-shire, where they thin

towards the south or south-west. The authors of the Survey
Memoir describe in the Appleby district two Brockrams, separated

by a mass of false-bedded red sandstone, the lower one of which
they describe more minutely. This (according to Mr. Woodward's

1 1 have referred in the course of this communication to the books and
papers which I have consulted with profit; and I have to thank Dr. W. T.

Blanford, Dr. R. H. Scott, Prof. Garwood, and Mr. Wickham King for their

great kindness in giving me information in reply to enquiries.
2 Mem. Geol. Surv. 1897 ' Appleby, Ullswater, etc' p, 72 ; and papers by

Murchison, Harkness, Goodchild, Irving, and others, for references to which see

H. B. Woodward's ' Geol. of England & Wales ' 2nd eel. (1887) s. v. Permian
p. 210.

3 From one town to the other is about 10 miles.
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summary a

) is sometimes 100 feet thick, and the upper 150 feet.

But a diagram drawn by Mr. Goodchild 2 shows that there may be
more than two beds : the solid Brockram-mass at Kirkby Stephen
tailing off wedge-fashion as it approaches Appleby. The lower

bed is strongly jointed, forming bold mural escarpments, and
often supplying a good building-stone. The fragments are usually

crowded confusedly together in regard to size, though their longer

axes tend to lie parallel with the bedding-planes. Those about

2 inches in diameter dominate, but they run down to mere grains

on the one side and occasionally up to blocks 2 or 3 feet in diameter

on the other ; being either angular or but little rounded. As a rule

from 85 to 90 per cent, are Carboniferous Limestone, the remainder
being sandstone from the same system,3 with a little chert, and
shale. A few rounded pebbles of liver-coloured quartzite have

probably been derived from some older conglomerate. A red sand-

stone occasionally forms subordinate bands in the Brockram, and
the middle mass of that rock is strongly false-bedded. The frag-

ments are hardly ever striated, but in one case the discoverers were
satisfied that the marks were due to ice-action. The materials in

the Dumfries breccia represent the rock of that district.
4 These

Brockrams have evidently formed a marginal fringe to a rocky or

mountainous region. Mr. Goodchild, who considers the ordinary

Penrith Sandstone to be a desert-formation, suggests that the

Brockrams were transported by shore-ice and deposited in water. 5

If so, the drift must have been (roughly) north-westerly in the one

district and south-westerly in the other, the sand being indicative of

winds blowing more directly from the east.

III. The Armagh Breccias.

Beds closely resembling these Brockrams, according to Prof. Hull, G

occur in the Permian of Armagh. The sections described exhibit

in the lower part a bed of breccia, 10 or 12 feet thick, composed
(as I infer) of more or less angular fragments, embedded in a

reddish sandy matrix, which passes locally into sandstone. The
upper surface of this sometimes is eroded ; at others the mass
graduates into a stratified conglomerate and boulder-bed, the blocks

being from 18 inches to 2 feet in diameter. These vary from
angular to rounded, consisting of grit, felspathic sandstone, vein-

quartz, and occasionally of limestone. Prof. Hull says that the

boulders of grit (Silurian and Old Bed Sandstone) must have

travelled from 20 to 30 miles, and he attributes a glacial origin to

the deposit.

1
' Geology of England & Wales ' 2nd ed. (1887) p. 212. The thicknesses

given in Harkness's paper, Quart. Journ. Geol. Soc. vol. xviii (1862) p. 206, are

considerably less.
2 Geol. Mag. 1882, p. 223.

3 In one locality the bulk of the fragments consist of this sandstone.
4 The ' Crabrock' of the Barrow district probably is a kind of brockram, and

a thin bed of breccia forms the base of the Permians near Whitehaven.
5 Trans. Cumberl. & Westmorl. Assoc, vol. ix (1885) pp. 46-47.
6 Quart. Journ. Geol. Soc. vol. xxix (1873) p. 402.
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IY. NOETH-EASTEEN ENGLAND.

A seam of breccia sometimes appears at the base of the Permian

in North-eastern England. This, in the Nottinghamshire district,

was described by the late Edward Wilson T
as attaining a maximum

thickness of about 4 feet and consisting of angular to subangular

fragments—sandstone, ironstone, and shales from the neighbouring

Coal-Measures, with similar fragments of slate, quartzite, quartz,

etc. ; these seams of breccia also occur locally in the overlying

sandstone. This basement-breccia, he states, maintains its average

thickness and coarse texture, and must have been simultaneously

deposited over a considerable number of square miles. It might be

attributed, in his opinion, to droppings from melting icebergs or

floes, but he remarks that, as it comes above a line of erosion, no

special explanation may be needed. He regards it as the base of

the equivalent of the ' Marl-Slate,' the Rothliegende not being

represented in this district.

Y. The Midland Beeccias.

Some of the most important sections of this breccia are well

exposed on the Clent Hills, along the margin of the Malvern-

Abberley range and to the west of Enville, cropping out over an

area of about 500 square miles ; but they have also been found,

though thin, in Leicestershire. In the former region they attracted

the attention of geologists more than sixty years ago ; but full

descriptions have been given and their origin discussed, by the late

Sir Audrew Ramsay, 2
Prof. Hull, 3 and recently by Mr. Wickham

King.4

In the Enville district the breccia is underlain by a mass
of sandstones, interstratified with marls, about 850 feet thick

(maximum), in which are two beds of conglomerate, rather local,

one of which attains to 60 or 80 feet. Here the breccia is followed

by sandstones and marls, its principal outcrop running in a general

north-westerly and south-easterly direction, and the greatest thick-

ness being about 225 feet. In the Clent district the breccia attains

its maximum, 450 feet, and covers Wychbury Hill (about 750 feet),

Clent Hill (997 feet), Walton Hill (1036 feet), and Romsley Hill

(930 feet).
3 Here it runs nearly north to south, parallel to, and

mainly on the western flank of, a strip of older Palaeozoics, from the

northern end of which it continues in a north-westerly direction.

The breccia is rudely stratified, and is occasionally interrupted by thin

layers of sandstone, its materials becoming rather less worn in the

upper parts until it passes into marl ; the fragments vary from angular

to subangular, and are very commonly from 5 to 6 inches in diameter,

1 Quart. Journ. Geol. Soc. vol. xxxii (1876) p. 535.
2 Ibid. vol. xi (1855) p. 185.
3 Mem. Greol. Surv. 1869 "Triassic & Permian Eocks of the Midland Counties.'
4 Quart. Journ. Geol. Soc. vol. lv (1899) p. 97 ; see also Proc. Geol. Assoc.

vol. xv (1898) p. 372.
5 W. Wickham King, 'Midland Naturalist' vol. xvi (1893) p. 25.
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but those of smaller size are numerous. At Northfield, however,
many measure about 9 inches, not a few about 12 inches, and one was
21 inches across. Now and then in the Clent district pieces quite

2 feet broad have been found : * these are usually Llandovery Sand-
stone. In some localities fragments of a compact igneous rock are

so abundant, that the deposit obtained the name of 'trappoid' or
' trappean breccia.'

According to Mr. Wickham King, who has studied the materials

of the Midland Permian more minutely than any predecessor,

Carboniferous Limestone usually predominates in the underlying

conglomerates, while the breccias in most places are formed
of yet older rocks, namely, of compact felstones (late pre-Cambrian
volcanics), tuffs and agglomerates, halleflintas, Cambrian quartzite,

and Silurian rock, especially Llandovery Sandstone : the majority

of these representing older Palaeozoic or late pre-Cambrian rocks,

which are exposed to view (being brought up by faults) on the

western flank of the Clent range.

Two explanations have been offered of the origin and mode of

transport of the materials of these breccias. Sir Andrew Ramsay,
followed by Prof. Hull, thought that they had been carried by floating

ice from the Welsh borderland, 20 or 30 miles away, and asserted

that some of the fragments bore glacial striations. But the

specimens exhibited at Jermyn Street always appeared to me to

have been marked by mutual pressure, and this view, I am glad to

rind, commends itself to Mr. Wickham King. He also points out

that the thickness of the breccias in the Clent and Enville districts

is greatest at their southern extremities,2 and that they have been

derived from rocks in situ to the south or south-east in the
1 Mercian Highlands,' of which a little is exposed in the above-

named tract, but the major part is concealed beneath the Trias.

The Permian deposits of Leicestershire have been admirably

described by Dr. Horace Brown,3 and I obtained some further par-

ticulars as to the materials of the breccia from the study of a collection

made by Mr. W. S. Gresley. 4 Here outcrops are few, the whole
system is thin, 5 and the breccia at most a few feet thick. The
fragments, according to Dr. Brown, are embedded in a calcareous

sandy matrix, are generally angular, and seem to become more so in a

southerly direction. They are derived from rocks of various ages,

the proportion varying with the locality. The Carboniferous

Shales are generally well represented, amounting occasionally to

1 As stated by Mr. Wickham King (op. cit.) and more fully explained in a

written communication (to which I am much indebted), the size of the fragments
varies much in different localities.

2 The thick breccia at Clent is replaced by sandstone at Sedgeley (8 miles);

that at Northfield has nearly died out at Handsworth (5 to 6 miles) ; and two of

the Enville breccias almost or quite die out in 4 miles.
3 Quart. Journ. Geol. Soc. vol. xlv (1889) p. 1. They were also briefly

described by Prof. Hull, Mem. Geol. Surv. 1860 ' Leicestershire Coal-Field.'
4

' Midlaud Naturalist" vol. xv (1892) pp. 25, 49.
5 Only in one case does it exceed 30 feet. The breccia seems to vary in

position ; occasionally there are two seams, and the total thickness is something

like 4 yards.
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about 28 per cent. Igneous rocks and volcanic ash, in one case

amounting to 15 per cent., are also present, with slates, argillites,

and felspathic grits or quartzites, the last two together varying

from 3-1-5 to 84 per cent. Certain specimens closely resemble

some rocks in the lower part of the Hartshill Quartzite (basal

Cambrian), the nearest exposures of which are now 12 miles away.

In Mr. Gresley's collection I detected syenite, altered dacite, some

slaty rocks—all of Charnwood type, with other slates and grits, a

remarkable conglomerate with pebbles of a dark rhyolitic rock,

representatives of the Coal-Measures including the ' burnishers '

(ironstone-nodules), and probably Millstone Grit. At Coton Park

Colliery two boulders (felspathic grits) were found ; one weighing

about a ton measured 3 ft. 11 in. x 3 ft. 9 in. x 2 ft. 3 in., and the other

3 ft. 3 in. x 2 ft. 9 in. x 2 feet. Both these were distinctly striated,

as were ten other smaller fragments, in regard to which I wrote ]
:

—

'While it is difficult to deny that certain of these markings may be stride,

which have been produced in some way or other by the action of ice, I am
more than doubtful of others, and am not convinced that this explanation is

necessary for any At the same time, the very angular character of many
of the fragments, their size, and the great diversity which they exhibit, might
fairly be brought forward in support of the hypothesis that ice had been one of

the agents of transport.'

At this stage it will probably save time to make a few remarks

on the source and transport of these Midland breccias. Those of

Leicestershire, according to Dr. Brown and Mr. Gresley, apparently

have been derived from the south and south-east. I infer from

their variety that the materials have been gathered from a fairly

large area, and from their form that they have not been much
worn either by rivers or waves. The breccias of the western region

(Clent, Enville, etc.) lead to the same conclusion. These occur as

wedge-like fringes, very thick on one side, but dying out in a few

miles. The land-mass which has furnished the breccias of the Clent

Hills, if close at hand, must be represented in part by the rocks ex-

posed in the lower Lickey Hills, and it must extend underground for

a considerable distance to the north-west. That which has supplied

the Enville breccias must be concealed somewhere to the east of

that place. The rapid thinning-out of the Lower Trias in Central

England towards the south-east, and the exposures of early Palaeozoic

or late Archaean rocks at Charnwood, Hartshill, Dosthill, and the

Lickey, indicate that an upland region once extended across, at any
rate, this part of England in a general north-easterly and south-

westerly direction. Much, however, of this is even now covered up by
Coal-Measures, which in the South Staffordshire and Warwickshire
district are often overlain by Permian. Indeed, even at the Lickey,

the strip of Silurian and older rocks is flanked on both sides at its

northern end by Coal-Measures.2 Erom Dudley to Sedgeley, and over

a rather large area about Walsall, Silurian rocks, mostly of Wenlock

1
' Midland Naturalist' vol. xv (1892) p. 57.

2 A very interesting section, showing Coal-Measures with a seam of coal,

resting on Cambrian quartzite, was exposed in digging the foundations for the

County Lunatic Asylum at Rubery.
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age, underlie the Coalfield. Moreover, the area covered by the

higher Permian deposits in the immediate neighbourhood of the

breccias, even if augmented by that now occupied by the Lower
Bunter, seems, under the most favourable circumstances—that is

supposing the ranges of this old land-mass to run athwart it,
1—to

afford a very straitened site for a really important hill-mass. The
Bunter also, as it is thinning rapidly, can hardly exceed 1000 feet

in any part of this district and must often be much less, so that

any buried summit cannot rise high above the general level. Though
a large land-mass undoubtedly occupied this part of England during

the earlier half of the Carboniferous Period, the distribution of the

Coal-Measures proves that very much of it was afterwards buried,

and was not laid bare again before the Permians were deposited.

Thus the masses of more ancient rock from which the breccias

were supplied cannot have extended far, or risen high ; so that to call

this region the 'Mercian Highlands' seems to me more picturesque

than accurate, for I should expect it to be comparable rather with
the Southern Uplands of Scotland than the great hill-masses farther

north.'- If then Ave are compelled to restrict, vertically as well as

horizontally, the area which supplied these masses of Permian
breccia, we are driven to assume that agencies have been at work
which were capable of shattering the bare rocky slopes audi

transporting the materials for some few miles.

VI. The Devon Breccias. 3

Mr. Ussher has given a very full description of these interesting-

deposits, 4 from which I extract the following facts as having most
bearing on their origin and formation. They vary considerably in

shape and in mineral character, being generally angular, as, for

instance, about Dawlish and Teignmouth, 5 but subangular or

rounded in the neighbourhood of Bradninch and Boundham Head

1 As suggested by Mr. Wickham King.
2 Some may reply that these Mercian Highlands were destroyed during the

later Permian and earlier Triassic periods. But, if so, they must have been

planed away, work which takes rain and rivers a long time to perform, and it

is very doubtful whether, during this interval, the sea ever overflowed this

district. [A speaker in the discussion mentioned Charnwood as a truly 'High-

land ' mas.s. But this is some 35 miles away : the highest summit also at the

present day does not rise more than 400 or
?
500feet above the Coalfield and the

overlying Permians (which here are thin), and we have no reason for supposing

that the relative levels have been materially altered since the end of the Palaeo-

zoic era.]
3 I accept these as Permian, in accordance with the views of Conybeare,

Buckland, and Murchison, which since Dr. A. Irving's excellent paper in

vol. xliv (1888) of this Journal (p. 149) have regained favour. It would not

affect their general significance even if they were Trias.
1 Quart. Journ. Geol. Soc. vol. xxxii (1876) p. 387.

* In this district, according to the late Mr. R. N. Worth, the biggest boulders

occur (sometimes 4 or 5 feet in diameter) in the Dawlish Valley ; here also

they are most varied in composition, and contain the largest proportion of
granitic rock.
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near Paignton, and about Torquay. 1 Fragments of shale and grit

are abundant when they rest upon the Culm-Measures north of the

Tiverton Valley; those of igneous rock predominate at Dawlish

and Teignmouth, and almost exclude all others in parts of the

Crediton Valley.
2 The red matrix is more or less sandy ; sometimes

rather incoherent, at others hard enough to furnish a good building-

stone.
3 The mass often shows stratification, and is occasionally

interrupted locally by bands of sand or clay, into which it passes.

These breccias are exposed over an area, east and north of Dart-

moor, which is not unfrequently from 6 to 8 miles broad. The
maximum thickness of the group, sandstones and breccia, is about

1000 feet ; but I cannot find a precise statement as to the latter,

which, however, must sometimes reach a few hundred feet. It will

be inferred from what has been said that the fragments have not

travelled for any great distance. The sedimentaries have been
derived, as the case may be, from Devonian or Carboniferous strata.

For the igneous fragments also we probably need not go very far. 4

Many of the more compact may have been derived, as suggested by
Mr. Worth, from almost contemporaneous volcanoes at no great

distance. The ordinary granite of Dartmoor is said to occur rarely,

but fragments of a fine-grained rock, in which crystals of felspar

are conspicuous, seem to me likely to represent external portions of

the massif which have now been removed. If so, some of them
can hardly have travelled less than 7 or 8 miles.

VII. The Breccias of the Thuringerwald.

So many authors have described this typical example of Eoth-
liegende breccia, that I shall content myself with referring to their

publications and giving an epitome of some notes which I made in

the summer of 1900, when Mr. Hill and I visited Eisenach.

A great mass of this rock forms the western end of the Thuringer-
wald hill-region, which cannot be less than 600 feet in thickness.

Slight indications of stratification are generally visible ; and in the
lower part, -as may be seen in the Annathal, and in the Georgenthal
west of the Wartburg, it is regularly interstratified with beds of sand
or marl into which it passes rapidly, as shown in the appended
section (fig. 1, p. 192). When the breccia is not thus interrupted,

it often forms bold crags. The matrix, which frequently makes up
about half the volume, is dull red in colour and more or less sandy.
The fragments vary in shape from angular to subangular, are
commonly less than 2 inches in diameter, but occasionally 4 or 5
inches, and sometimes rather over 12. On the Wartburg they

1 Here they are generally subangular or even rounded, and from the
Devonian Limestone.

2 For the variations in the materials and their shape, see Ussher, Quart.
.Journ. Geol. Soc. vol. xxxii (1876) p. 388.

3 As, for example, St. Mary's Church, north of Teignmouth, and Heavitree
near Exeter.

4 For the fullest information on this subject, see R. N. Worth, Quart. Journ
Geol. Soc. vol. xlvi (1890) p. 69.
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apparently become a little larger towards the summit. They
consist of vein-quartz (abundant), fine-grained grey granite and
gneiss, a micaceous schist, felstone, and slaty rock or grits. At
Ruhla, in the bed of a well-marked valley which opens out some

4 miles east of Eise-

Eig. 1.

—

Section near the railvjay-bridge

Georgenthal, Eisenach.

-~»r<5^

3 4

nach, a lead-coloured

micaceous schist is

exposed, and about
half a league farther

up, a porphyritic gra-

nite; and more than
one variety of felstone

is passed on walking
over the elevated

upland to the Hohe
Sonne, south of

Eisenach. At Eried-

richsroda, about 12
miles east by south
of Ruhla, Permian
' porphyries ' abound

;

but some bedded
liothliegende is seen,

in which is an occa-

sional seam of small

breccia. According
to the geological

map, the breccia in

the Eisenach district

occupies an area mea-
suring at first nearly

4 miles from west to

east, but narrowing
towards the south,

and about 9 miles in

a transverse direction.

The mica-schist, such
as we see at Euhla,
extends about 5 miles

along a line from a

little east of north to

west of south, and half that distance in a direction at right angles

to this. Then comes the granite, which at first is a mere strip, but
broadens out southward until it nearly replaces the other rock.

East of these crystalline rocks Permian deposits set in again. Thus
the area of more ancient rocks, which can have been exposed in

Hothliegende times, does not exceed 3 miles in breadth, and so cannot

then have been surmounted by an important mountain-range. 1

1 If the average slope were 1 in 10, the height of the part removed would
be about 800 feet.

o feet.

About

j*

= Breccia : about
10 feet visible.

1 = Banded marly
sandstone.

2 = Breccia.

3 feet,

3= Sandstone. About

3f feet.

4 = Breccia. About

_ 3 feet.

5 = Hard sandstone,

with marly parting.

About 5 feet.

6 = Breccia. About
18 feet.

7= Bedded sandstone.

About 20 feet visible

in places.
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VIII. The Dolomitic Conglomerate.

In former years I often saw, bub without minutely studying,

sections of this deposit, which has been so admirably described by

Mr. E. Etheridge. 1 The following is a brief summary, chiefly

derived from his paper, of facts which are germane to this investi-

gation. The Dolomitic Conglomerate fringes the Mendip Hills

and other prominences of Carboniferous Limestone, almost sur-

rounding the Somerset and Gloucestershire Coalfield ; it occurs

over an area probably about 140 square miles in extent, and
at various elevations up to about 300 feet above sea-level, rarely

exceeding 30 feet in thickness. It can often be traced horizontally

into a sandstone, is interstratirled with the Keuper Marl, and
sometimes two beds may be seen in an open section, separated one

from another by 3 or 4 feet of the latter : the breccia itself

occasionally exhibiting signs of stratification. The fragments vary

in size, but usually are less than 3 inches in diameter, though

much larger blocks—a yard or so in diameter—sometimes occur.

They generally are either angular, or only slightly worn at the

edges, but occasionally are well enough rounded to make the name
' conglomerate ' the more appropriate. The great majority are

of Carboniferous Limestone, though Millstone Grit, Carboniferous

Sandstone, and even Old Red Sandstone are sometimes found : the

materials depending on the character of the adjacent rock-masses. 2

These are embedded in a reddish marly or sandy matrix, more or

less cemented by calcite or dolomite, so that the breccia sometimes

makes an excellent and a very handsome building-stone. It was
regarded by Sir Andrew "Ramsay,3 with whom Mr. Etheridge practi-

cally agrees, as a shore-deposit, composed of materials which had
mainly been formed on old land-surfaces, but had been more or less

worked up, as these subsided, by the waters of the Keuper lake or

inland sea. It may be sometimes cliff-talus, but even in Upper
Triassic times the land-surface must, I think, have been a region of

craggy downs, rather than of great hills with precipitous flanks.

If so, the fragments must have mainly accumulated on the bare

limestone-slopes, from which they were either swept down more or

less tumultuously into the water, or else washed off and re-arranged

as shingle-beaches during a period of slow subsidence. In an
inland sea the fragments, though most of these are of rock no
harder than Carboniferous Limestone, would not generally be much
rounded ; for there tidal action would be inappreciable, and that of

waves seldom strong. Striations have been observed, though not

often, on the surfaces, but these probably have been produced

subsequently by earth-movements.4

1 Quart. Journ. Geol. Soc. vol. xxvi (1870) p. 174.
2 In the Quantock district (for insrance) breccias, referred to the same age

by Mr. Etheridge, consist of Devonian rucks.
3 Quart. Journ. Geol. Sue. vol. xxvi (1870) p. 191.
4

It may be well to mention that a breccia occurs at the base of the Bunter
in Suuthern Shropshire and Northern Worcestershire. It reaches a maximum
of 60 feet or so near Kidderminster, but is nut important enough to call for

special nutice. Prof. Hull thinks that the fragments have not travelled far; see

Mem. Geol. Surv. 1869 ' Triassic & Permian Eocks of the Midland Counties
'

p. 44.
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IX. Jurassic Breccias.

We are indebted to Prof. Judd l for a very full and precise

description of the remarkable beds of breccia which occur in the

Upper Oolite of Sutherland. As they bear in many respects a

very close resemblance to those which I am about to describe in

the next section, I shall content myself with referring to his paper
for particulars, merely stating that these breccias are not quite so diffi-

cult to explain as some others, because the source of their materials

is more easily determined. He concludes that they were deposited

in a sea in the neighbourhood of its shore, and were brought down
from a mountainous region by flooded streams, but that the great

size of occasional blocks—some measuring 20 by 10 feet—suggests

that ice aided in the transport.

X. Breccias in the Alpine Flysch.

The breccia-beds in the Elysch may be traced practically over the

whole length of the Alpine chain,
2 but the more remarkable

developments are on the northern side. The Flysch itself is ob-

viously a result of physical conditions which were not simultaneous,

but set in and ended earlier in the east than in the west, the

breccias being sporadic in distribution. I select for description

two localities which I have myself examined, and believe to be

among the most remarkable instances.

The first is the noted one in the Habkerenthal. As this has

been frequently described, I shall restrict myself to mentioning the

points which seem to mc to bear more immediately on the question

of its origin. Here the Flysch itself is a brownish to blackish-,

rather gritty, fissile
:! mudstone. It contains occasionally thin bands

of hard sandstone and lenticular masses of breccia or conglomerate.

The fragments in this are commonly subangular or subrotund
;

sometimes it becomes a coarse grit, and sometimes contains boulders

bigger than a man's head. The material of the matrix (generally

indurated) apparently has been derived from granitic rocks ; in

parts it becomes a fairly uniform quartz-felspar grit, which occa-

sionally might even be mistaken for a granite, but when the

fragments vary much in size a few represent sedimentary rocks.

Thin streaks of mudstone sometimes interrupt the lenticular masses
towards the outside, and the mudstone itself may contain isolated

boulders or fragments.
4

I was unable in the time at my disposal

to find one of the very large boulders actually in situ in the Flysch,

but several la}' in the bed of the stream, the biggest of which

1 Quart, Journ. Geol. Soc. vol. xxix (1873) p. 187-
2 Erratics are said to occur in the Flysch of the Carpathians and Apennines

:

Lyell, ' Principles of Geology ' 11th ed. vol. i (1872) p. 209.
3 Whether due to cleavage or bedding I could not be certain, in the time at

my disposal. I do not remember to have seen a clear statement in print.

The term schist of course, as used by Continental geologists, tells us nothing.
4 In one or two places I suspected this to be the result of the shearing of a

band.
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(rather rounded) measured roughly 4x3x3 yards.
1 Among these

blocks, as is well known, more than one variety of granite is

represented, 2 some of them not corresponding with any now visible

in the Alps, and one, a porphyritic variety, much resembling a

granite in the Schwarzwald.

The second locality is in the Valley of the Grande Eau, above

Fig. 2.

—

Breccia in the Ftysch, between Le Sepey and Aigremont.

2 3

1 = Slabby, sometimes shaly limestone.

2 = Breccia ; about 2 feet, slightly irregular.

3 = Shale ; about 3 inches.

4 = Limestone ; about 2| feet. Slabby in the upper part.

5 = Breccia
;
perhaps 3 feet thick. Base a little uneven.

Le Sepey,3 where a fine series of sections is exposed in cuttings for

about half a league on the lower part of the road to Ormont Dessus,

as well as on that which turns up from it to Comballaz. These

exhibit a series of bedded limestones (dark), mudstones, grits, and
breccias, forming apparently an ascending series, and dipping

variably but, as a rule rather steeply, in a south-easterly direction.

As this is a region of great folds and faults, repetition is possible
;

but, so far as I could see, the succession was generally undisturbed.

The following is a summary of the principal facts :—The breccia,

in which signs of stratification may be detected, is regularly inter-

bedded with limestones, mudstones, or grits, passing at the top or

bottom (generally rather rapidly) into one or other of them, but in

the case of the first or second a thin layer of grit may intervene.

Beds of breccia are numerous between Le Sepey and the ravine of the

Eaverettaz, varying in thickness from less than 18 inches to several

yards, but apparently becoming thicker and coarser as they ascend.

On approaching that ravine we find a thick mass of grit or gritty

limestone setting in, which passes locally and rapidly into a breccia,

the coarser parts of which are usually characterized by abundant
small fragments of a dark slaty or shaly carbonaceous rock, giving

1 Murchison mentions, in Quart. Journ. Geol. Soc. vol. v (1849) p. 212, a

block which measured 35 X 30 X 15 yards, or not less than 400,000 cubic feet in

volume.
2 Some years ago I saw at least six different varieties in the Berne Museum.
3 I ascertained the principal facts during a hurried visit in 1891, and made

a more careful examination last summer (1901).

Q.J.G.S. No. 230. p
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the mass a black speckled look. In these interstratified breccias

the rock-fragments generally vary from about 3 inches in diameter
downward, and are mixed up without regard to size, but in

places a large boulder occurs : for instance, one or two (in volume
3 or 4 cubic feet) may be found in a mass where the bulk of the

fragments do not exceed 5 inches in diameter, and are mostly much
smaller. On the left bank of the Kaverettaz stream we speedily come
(near Aigremont) to the great mass of breccia.

1 This is exposed,

forming a cliff, higher up the mountain, and the road, on emerging
from the ravine, crosses its outcrop. 2 Beyond this are found two
or three comparatively thin beds of breccia, one of which contains

a block of granite some 5 yards long. Afterwards the road passes

over grassy slopes till it arrives at Ormont Dessus.

This mass of breccia, according to Prof. Eenevier and Dr. Schardt, 3

can be traced for about 5 kilometres to the south-east and 2 kilo-

metres to the north-west, but it may extend much farther in this

direction ; the latter observer gives it a breadth of 6 to 7 kilometres

from north-east to south-west, the blocks diminishing in size towards

the east, north, and west, but increasing towards the south, where
they are lost beneath overthrust Jurassic strata. The fragments

in the Flysch, he remarks, vary with the locality.

The materials of the breccias must now be briefly noticed. In the

great mass, mentioned above, the matrix is a dark gritty mudstone,

the volume of which is less than that of the fragments. Of these the

majority are less than 5 inches in diameter, but the rest may be of any
size up to several cubic feet, the largest being some variety of granite

or gneiss. Crystalline rocks predominate in the fragments, many
of them showing pressure-foliation ; but among the sedimentaries I

noticed a dark limestone and dark shaly or slaty rocks, some of the

latter containing fragmental mica (?from the Carboniferous system).

Vein-quartz is common. The following kinds of rock are enumer-

ated by Messrs. Favre & Schardt 4 as occurring in the Aigremont

breccia :

—

(a) At least eight varieties of granite, greyish or green-

ish, fine and coarse
;

(b) at least three varieties of gneiss
; (c) mica-

schist, with white to yellowish mica; (d) green schist, with more or

less chlorite
;

(e) green talcose clay-schist
; (/) quartzite

; (g) green

petrosilex or felsite
;

(h) dark slaty rocks, generally in small bits
;

(/) grey limestones, sometimes in large blocks. My own obser-

vations, though less minute, are in accordance with this. Some of

the green schist reminded me of members of the ' Griiner Schiefer
'

group elsewhere in the Alps, but occasional fragments were un-.

usually bright in colour. A few, more compact, recalled a ' petro-

silex ' that I had found near the Pissevache waterfall (Vernayaz).

The microscopic structure of some of these rocks may now be

briefly described, for it is needless to dwell on the more minute

1 The road crosses a ' berg-fall,' which occurred in the 16th century.
2 So far as I could estimate from this, the thickness must exceed 100 feet.

3 I am much indebted to these gentlemen for kindly sending me particulars,

in reply to my letter of enquiry.
4 'Beitrage z. geol. Karte d. Schweiz' vol. xxii (1887) p. 204.
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details.
1 In the Aigremont breccia the cementing-material is

calcite, more or less dolomitic. The fragments represent quartz,

felspar (often plagioclastic), mica (mostly white), a green chloritic

mineral, containing miuute black needles, perhaps replacing biotite,

gneiss, mica-schist, a microcrystalline green schist, sometimes

rather quartzose, one or two fragments of a black micaceous schist,

resembling one in the Binnenthal, compact felstone more or less

porphyritic, marble (?), limestone with small fragments of organisms,

some probably foraminifera, (?) chert with traces of radiolaria ; also

fragments of polyzoa, echinodermata, nautiloid foraminifera, and

an occasional Globigerina. In the grits from the west side of the

Raverettaz stream the calcareous matrix is more abundant, and so

are quartz-grains, but the other minerals can be identified, and

among the rocks, gneiss, a coarse mica-schist, and one representing

a compact ' porphyry.' The dark fragments already mentioned

prove to be a more or less gritty bituminous-looking rock, possibly

with a slight cleavage, very probably from the Carboniferous system.

In one slice (which exhibits a slight tendency to become oolitic)

fragments of mollusca are rather common, in another those of

polyzoa ; those of echinodermata also occur.

The presence of these organisms accords with what has been
observed by Prof. Renevier, Dr. Schardt, and other Swiss geologists.

2

They place the Flysch at the top of the Eocene, immediately above

the calcaire a nummulites, and state that this fossil and
schistes a fucoi'des {Chondrites arbuscula) have occurred

associated with the breccias. So these must be, as a rule, marine
deposits, although, as the form of the fragments indicates, they cannot

have been either very much rolled by the waves or transported far

by torrents. Yet materials so various must have been collected

from a fairly large area. The granitoid and gneissoid rocks have a

general resemblance to what I have seen in adjacent Alpine regions :

the nearest exposures of such rocks at the present day being

11 or 12 miles to the south-south-w^est. The ordinary green schists

resemble those common in the Pennines ; and I saw a similar rock

in going from Kippel to the Lotschen Pass, which is over 30 miles

away in an easterly direction. The ' porphyry' reminds me of the

reddish variety which occurs occasionally in the Swiss Alps, and of

which a small specimen was given to me many years ago by
Prof. Renevier, from one of the valleys descending to the Rhone
from the Dent de Morcles : in this also are the nearest exposures

of Carboniferous rocks, 11 or 12 miles away.3

1 I have examined eight slices, four representing the coarse breccia east of the
Raverettaz Stream, three the grits west of it, and another a breccia, the precise

locality of which is uncertain. As I had contented myself with a single typical

specimen of each of the first and second, I am much indebted to Miss 0. A.
Raisin, D.Sc, for the loan of specimens collected during a visit in 1894.

- Renevier, 'Beitrage z. geol. Karte d. Schweiz " vol. xvi (1890) p. 427, etc.;

Favre & Schardt, ibid. vol. xoi (1887) p. 267, etc. ; Schardt, Bull. Soc. Valid.

Sci. Nat. ser. 2, vol. xx (1884-85) p. 10, etc.
3 I have not forgotten the Miocene deposit with erratics on the Superga

near Turin, but do not discuss it, as the sections which I saw in 1862 were not
good, and its difficulties are not quite so great as in the case of the Flysch.

r 2
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XI. Breccias of Recent Age.

We muse next enquire what physical conditions at the present

or in post-Tertiary ages are most favourable to the formation of

breccias like those that I have described. We find no such deposits

either now forming in Europe, or among those of Glacial or later

days in the Alps, Pyrenees, or Scandinavia. One instance only is

known to me, which presents any resemblance—the breccia-beds at

the Eock of Gibraltar. The late Sir Andrew Ramsay and Prof.

James Geikie, after a lucid discussion of the evidence, concluded that

these were mainly formed by frost and transported by melting

snow. 1 In fact, as more thau one observer has informed us, the

physical conditions now existing in the Arctic regions are par-

ticularly favourable to the production of breccias.
2

XII. Stone-Rivers of the Falkland Isles. 3

In the Falkland Isles the land, generally low, rises in places into

ridges which are seamed by the basset-edges of a white quartzite,

like stonewalls: the ground elsewhere being peaty and boggy. In

the East Island most of the valleys" are occupied by pale-grejT

glistening masses, from a few hundred yards to a mile or two in

width, which at a distance look like glaciers, apparently descending

from the adjacent ridges, and being gradually increased in volume

bv tributary streams, till they reach the sea. They are composed

oi' blocks of quartzite, angular and irregular in form, and often

rudely diamond-shaped, but edges and points in most cases are

slightly rounded. In length they measure from 2 to 8 or 10

feet, and perhaps half as much in width; their thickness corresponds

with that of the quartzite-beds. A stream often makes its way
beneath them along the valley-bottom. The following is Sir Wyville

Thomson's explanation :—As some of the quartzite-beds are much
softer than others, these crumble readily away, leaving the harder

projecting, till at last they fall, when they are quickly embedded in

a peaty soil, which under the combined action of the rain, of

expansion, and of contraction, creeps down the slope, carrying with

it the embedded blocks. On reaching the bottom they continue

their crawling motion, though more slowly, down the valley, and
percolating water gradually removes the peaty material from among
them, leaving little more than the blocks of quartzite. Though
these islands approximately correspond in latitude with England

between Stafford and Salisbury, their mean temperature is about

7 degrees lower ; the winters indeed are not at all severe, but the

thermometer in summer does not often rise above 65° Fahr., and

fog or rain are far more frequent than sunshine.

1 See Quart, Journ. Geol. Soc. vol. xxxiv (1878) p. 505.
2 See especially E. J. Garwood, Quart. Journ. Geol. Soc. vol. lv (1899)

p. 683 (Spitsbergen) ; H. W. Feilden, ibid. vol. xxxiv (1878) pp. 564-65 (Smith

Sound District).
3 This account is condensed from a very clear and precise description by

Sir Wyville Thomson, in 'Voyage of the Challenger: Atlantic' vol. ii (1877)

pp. 245 et scqq.
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XIII. Breccias m Persia. 1

Probably more than half the surface in the Persian upland is

covered by breccia, gravel, sand, or loam (of recent origin, geologically

speaking), the thickness of which is so great that no other formation

can be seen for hundreds of square miles. The elevated plains or

broad valleys, surrounded by mountains of moderate height, are

covered in the central part with a fine pale-coloured loam—probably

loess, and thus of subaerial origin, though lacustrine deposits exist

in places. But from the foot of the hills, a fringe of breccia

extends over this on either side, for a distance of 3 or 4 miles

and sometimes more, its surface sloping at a very low angle, usually

from 1° to 4°.

A very brief description of the district near Bcighin may suffice

as an example. Here the valley-plain, some 5500 feet above the

sea-level, is about 13 miles in width, and runs in an east-to-west

direction, between hills which rise on either side from 1500 to 2000
feet above it. On the northern side the breccia-fringe extends for

about 3 miles, the angle of its upper slope being less than 2°
;

on the southern is a similar fringe, 4 to 5 miles wide, its in-

clination being a little under 1°

;

2 and between these is the flat

central plain (loess) about 6 miles across.

The climate of the Persian plateau is one of extremes. At
Teheran (lat. 35° 41' N.), about 3700 feet above the sea, the mean
temperature of January is 35'6° Pahr., of July 79'3°, of the year
60-3°

; at Ispahan (lat. 32° 38'), altitude 5020 feet, it is, for

January 31*6°, for July 82°, for the year 59-4°. In the region of

the breccias, some 2000 feet or so higher above the sea, the annual

temperature would be about 6° lower, and the winter-temperature

affected to at least the same amount, and perhaps yet more. The
rainfall also is small—probably not more than 10 inches (it is 10'4

at Teheran), and on the hills most of this descends as snow. The
same type of climate—extremes of heat and cold, with a limited

rainfall—prevails in a large part of Central Asia from Persia to

Eastern Tibet, in which similar formations are frequent. They
occur also in parts of the mountains of Northern Hindustan. 3

It may be well to mention that the ' alluvial fans ' produced by
' mud-avalanches,' which are such conspicuous features in many

1 This description is founded on Dr. W. T. Blanford's account of the
' Geology of Eastern Persia' vol. ii (1876) p. 465, and Quart. Journ. Geol. Soc.

vol. xxix (1873) p. 493 ; and I have to thank him for kind information which
has allowed me to make one or two verbal changes. I have also referred to

papers by E. Tietze, Verhandl. der k.-k. Geol. Eeichsanst. 1874-77, esp. 1875,

p. 130.
2 Even this low slope would give a thickness of about 450 feet near the

hills. At Teheran, however, as Dr. Blanford informs me, the slope of debris

which extends from the town to the base of the Elburz, a distance of about
10 miles, shows a difference in level of 3500 feet, and at Kashan, about 150 miles

to the south, where the slope is of about the same breadth, he found this to be
2250 feet.

3 See ' The Making of a Frontier ' by Col. A. Durand, chapters i & ii, for an
excellent description of breccia-slopes and alluvial fans.
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parts of the Karakorams and Himalayas (see my paper in Geol. Mag.
1902, p. 8), are by no means identical with these breccia-beds. In
these the proportion of mud is very much larger, so that they bear

closer resemblance to an ordinary boulder-clay. Mr. R. D. Oldham, 1

in a most suggestive paper, expressly identities the Permian breccias

of the Midlands with the 'gravel-fans' of Western and Central Asia;

but I venture to think that he does not quite sufficiently emphasize
this distinction, between the breccias in question and the ordinary
' mud- avalanche ' or ' glacial-sch otter.'

XIV. Inferences as to the prevailing Physical Conditions when
the Breccias were formed.

My apology for describing these breccias at some length must be

that inferences as to the physical conditions which led to their

formation are dependent on the details. Those of the Rothliegende

are fringe-like in distribution, attain considerable thickness, and
can be traced occasionally for some few miles from their source.

The area of this often is not large, compared with the volume of

the breccia-bed ; so that they were more probably derived from a

highland region with bare rocky slopes, than from a lofty mountain

-

range. The close resemblance between these and certain Asiatic

breccias suggests that the climate of both our islands and Germany
was then distinctly continental in character

;
perhaps hot in summer,

but cold in winter, possibly with a considerable snowfall at that

season, though this, as we see, is not an absolute necessity, for occa-

sional torrential rains might produce the same effect. Remembering
that contact with a sheet of water would greatly check the move-
ment of scree-like material, we infer that, as a rule, these breccia-

beds were subaerial rather than subaqueous deposits ; and it is not

impossible that even the intercalated beds of finer material may
be wind-borne. There is no proof of the existence of glaciers, but

floating ice is sometimes suggested as a possible agent of transport

;

in any case, these breccias indicate that the epoch of the Rothlie-

gende was characterized by a considerable range of temperature

and rather cold winters.

-

When the breccia-fringe extends continuously from the moun-
tainous district for 4 or 5 miles, it is probably a subaerial

deposit. It is certainly so in Persia, where I was perplexed to

explain how the fragments could travel so far on an almost level

surface. At moderate distances we might attribute it to melting

snow, which imparted a sort of fluidity to the mass, so that it

spread out laterally under the action of gravity, somewhat as a

mud-avalanche may ultimately do. But for the Persian breccias

1 Quart. Journ. Geol. Sop. vol. 1(1894) p. 463.
- I have not referred to the glacial deposits of Perrno-Carboniferous age

in Australia, Hindustan, and, perhaps, South Africa, because they are outside

the purview of ruy paper, and the question of their exact age might introduce

complications.
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neither this nor any other explanation that I could devise was
satisfactory. So I consulted Prof. Garwood, in the hope that his

wider experience of cold regions might supply the key to the

problem. His reply was to this effect

:

' What can be seen in Spitsbergen will explain it. There the rocky mountain-
slopes are greatly shattered by the frosts, and the material is always slipping

clown when the season permits. A talus is formed ; this is covered up by snow
in winter ; when the fragments come showering down from above, they slide

easily over this. Year by year this process is repeated, and so the fringe mainly
grows on its outer edge. The fragments which fail to reach this, or fall when
the scree is exposed, go to raise it ; but these contributions are the less im-

portant. A stone which has acqiiired considerable velocity before reaching

the snow will travel for long distances before it comes to rest.' 1

This explanation seems to meet all difficulties, so that while more
than one may be applicable to breccias which have not travelled far,

or are very sporadic in character, we are justified in assuming wide
fringes to indicate physical conditions such as now exist in Persia.

The Keuper breccias suggest, though less forcibly, a recurrence

of Eothliegende conditions, and the British Trias as a whole
appears to be a ' continental ' deposit. 2 If I am right in regarding

the Bunter Beds as the product of rivers far greater than any of our
present British streams, and in denying the existence of Mercian
Highlands of real importance, the sands and pebbles of the Bunter
and the Lower Keuper may have been deposited on a lowland, which,

notwithstanding, or perhaps because of, heavy precipitation on the

mountains to the north and west, was itself arid, like many similar

districts in Asia. Even the Keuper Marls, though deposited in an
inland sea, do not necessarily imply a climate like that of the Dead
Sea. At the Great Salt Lake the mean annual temperature is 51*98°

Pahr., that of July being 76-64° and of January 25-88° : the rainfall,

so far as I can ascertain, being about 10 or 11 inches. On the

Caspian, the annual temperature at Baku is 61*88° Fahr., being 78"44&

in July and 38*12° in January ; while salt-lakes are abundant in

Turkestan, where the winters are exceedingly cold. So the Dolomitic

Conglomerate is also probably indicative of a continental climate,

with cold winters and a rather limited rainfall. The Upper Oolite

of Sutherland seems more likely to be the product of a mountainous

1 The velocity, he tells me, acquired by a toboggan in sliding obliquely

clown some 70 or 80 feet to the St. Moritzer See, will carry it across the snow-
( overed ice (about half a mile).

2 Mr. Goodchild, in his paper on 'Desert Conditions in Britain' Trans.
G-eol. Soc. Edin. vol. vii (1896) p. 203, comes to much the same conclusion
in regard to the ' New Eed Sandstones

'
; so I wish to say that the present

paper was written without having read his, for I did not come across a
reference to it until a few days before sending mine to the Geological Society.

I should, however, hesitate to press one or two of his arguments : as, for

example (p. 215), I would not say more than that the red colour of these breccias

made it rather probable that they had a desert origin. In regard to the Torridon
Sandstone, I may add that for some years I have been in the habit of pointing-

out to my students that subaerial conditions would be very favourable to its

formation ; but I should not like to use a stronger phrase. There is a suggestive
paper bearing on the subject by Dr. W. Maekie, in the same volume of the
Trans. Geol. Soc. Edin., at p. 443.
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district, with a heavy rain- or snow-fall during part of the year, 1

possibly also with glaciers, and it bears a greater resemblance
(though on a more limited scale and with fewer difficulties) to the

beds of the Alpine Flysch, which I must now discuss in some detail.

These, though agreeing in general character with the rest, except

in the frequent presence of unusually large blocks, differ from them
in being more commonly interbedded with flue-grained materials,

and those of marine origin. Taking all the facts, already mentioned,

into consideration, I see no escape from the conclusion, that late in the

Eocene or at the beginning of the Oligocene Period, within afew miles

—probably less than 10—was either a mountain-range or an important
highland district. Hero the climatic conditions must have been favour-
able to the formation of breccias which must have been transported to

the sea, by ' creeping ' or by rolling down the hill-sides, or by swollen

torrents, after torrential rain or rapid melting of the snow. In
either case we must assume the coast to have been slowly sinking,

and in the former the breccias to have been deposited when an
accumulation of silt had replaced the shallow sea at the foot of the

hills by a flat alluvial plain. In the latter case we must suppose

these floods to have occurred at rather irregular and long intervals,

because the thickness of the intervening sediments is often con-

siderable. The great size of some of the Ilabkeren boulders and
the sporadic distribution of the debris are suggestive of transport hy
ice-rafts. This would relieve us of two difficulties,—one that the

nearest crystalline rocks (in the Oberland) are about 12 miles

away, which is rather too far for a breccia-fringe ; the other, that

some of the most marked varieties of granite in the boulders

cannot now be identified anywhere in the Alps.

The Yal-des-Ormonts breccias also present great difficulties.

They require a more or less mountainous region, with considerable

outcrops of crystalline rocks, besides others of Palaeozoic or later

ages ; but where is this to be placed ? The increase in the thickness

of the breccia-beds and in the angularity of their fragments, as

they are followed towards the south-east, suggests that the land lay

in that direction ; but in the Western Oberland the older rocks

appear to be buried beneath a considerable thickness of Cretaceous

and Jurassic strata, with occasionally some Trias. In other words,

the Mesozoic Era in this, as in other parts of the Alps, appears

to have been one of steady subsidence, and its rocks (except at the

beginning of the Trias) to be generally fine-grained. It is, of

course, possible that the great earth-movements, of which the

existing Alpine ranges are the results, had produced conspicuous

effects before the close of the Eocene Period, but of this, so far as

I am aware, no proof can be found. The difficulty has been eluded

by assuming a mountain-range to have existed parallel with, and
just north of, the present Alps, on a site now occupied by Nagelnuh
or Molasse. But as this must have been high at the end of the

Eocene, its disappearance (for it nowhere projects from the Miocene

1 This appears also to resemble in some respects the ' stone-rivers ' of the

Falkland Isles.
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strata) in less than one geological period is, to say the least,

remarkable.

Again, ice-action in any form postulates either a low temperature

near the sea-level, or very high mountains. The former must be

intercalated in an epoch during which, so far as we can infer from

fossils, the climate was distinctly warmer than it now is in Europe
;

and for the same reason the mountains must have been very lofty,

if they sent down glaciers to the sea. From this dilemma * I see

no escape, and I know not which horn is the worse.

To conclude, breccias such as those described in this paper, though

the last-named is more open to doubt, indicate a climate, arid,

liable to extremes of temperature, with cold winters. The precipi-

tation probably was connected with this season, and took the form

of snow : though in some cases, with a high mean temperature, hot

summers 2 and occasional torrential rainfalls, as in Sinai, might
produce the same effects. In other words, these breccias are
usually indicative of continental conditions, such as

are at the present day rather exceptional. Thus in

Permian, perhaps also in Triassic, times our Islands and Northern
Germany must have been separated from any western ocean, either

by a great extent of land or (more probably) by a mountain-region

sufficiently broad and lofty to arrest the vapour on its passage, and
the facts suggest that in the Kothliegende a rather abnormally low
temperature prevailed. A recurrence of cold seems possible in the

Upper Oolite ; and if it did not also characterize the epoch of the

Flysch, then we must admit that during this a great mountain-
range existed in the immediate neighbourhood of the breccias.

Discussion.

Prof. Lapworth welcomed this paper as a most valuable contri-

bution to a very important, but hitherto little-studied geological

phenomenon. The subject of breccias had for many years been of

keen interest to geologists in the Midlands, because of the presence

there of the much-contested Permian breccias. He was very glad

to learn that the Author endorsed the views of Jukes and the Mid-
land workers generally, that these breccias were in the main of local

origin. It was, perhaps, a little unfortunate that Mr. Wickham
King's collective title of 'Mercian Highlands' might naturally be
open to the interpretation that it was meant to suggest a connected

1 It remains no less difficult than when Sir Charles Lyell wrote a summary of
what was then known, in his ' Principles of Geology ' vol. i, ch. x (11th ed. 1872).
In New Zealand (western coast) the Fox Glacier comes within 670 feet of the
sea-level, the mean annual temperature being 50° Fahr. In British Columbia
(lat. 54° JST.), with the same mean temperature, the ice reaches the sea. At the
present day the Alpine glaciers do not descend to 4000 feet; but even if we
assume more favourable conditions (as in those two countries) the mountain-
range would have to be not inferior to that of the West- Central Alps.

2 Livingstone observed ('Zambesi,' pp. 429, 516) that about 12° lat. S. in

Central Africa, with a range of temperature from 42° to 187° Fahr., sharp
angular fragments, weighing from a few ounces to a couple of hundred pounds,
were broken off abundantly from the exposed surfaces of rocks.
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mountain-chain of more or less Alpine elevation. But practically

all that was meant to be implied was, that in Permian times a chain
or series of sharp ridges—probably disconnected—traversed the

Midlands, on or about the line joining the present ridges of Charn-
wood, Nuneaton, the Lickeys, and the Malverns. The essential

feature of these ridges was probably not so much their height as

their steepness, and the co-existence of a local physiography and
climate bringing about the formation of angular screes or talus upon
a fairly large scale, and the preservation thereof as a definite

rock-formation.

He was also very pleased to hear the Author dwell upon the vital

importance of Dr. Blanford's paper on the continental Persian
deposits for the study of this breccia-question, for that paper had
always been regarded by Midland geologists as affording by far the

best suggestion of what were probably the physical and climatic

conditions of the Midlands in the Permian Period.

With regard to the difficulty of accounting for the disappearance of

some of the solid Midland ridges of Permian times, while their loose

screes are preserved to us, it should be borne in mind that their relics

suggest that the sequence within them was probably downward
through hard Cambrian quartzites, through volcanic rocks of Uri-

conian types, into more shaly rocks of Longmyndian aspect; and
that, once the hard outer coating which afforded most of the

materials to the breccias had been worn from off them, the softer

beds would rapidly disappear.

The Alpine breccias studied by the Author, and associated with
the Flysch, are rather coastal than continental. They occur in regions

eminent for crust-movements, and the possibility, still held by some,
that overthrust-ranges with a core of hard rocks, and resting upon
softer deposits, may have furnished angular fragments to the .Flysch

and the
%

breccias, does not yet appear to be wholly excluded.

Midland geologists, at any rate, had long been prepared for evidences

of much local crust-movement in Britain during the formation of the

Permian brockrams and breccias.

Prof. Watts pointed out that, in Charnwood Forest at least, the
* Mercian Highlands' must have had steep slopes and considerable

altitudes in Jurassic times. He referred to the view of Mr. Wick-
ham King that landslips had borne a share in the formation of the

Midland breccias, and he demonstrated that important landslips in

the Alps frequently occurred along the crests of overfolds. Flims,

Elm, and the Ivlonthal at the back of the Glarnisch, were examples

in point. He considered that these examples indicated that something-

more than mere denudation was at work in producing the breccias,

and that denudation was hastened by the continuance of overfolding

movements. This would explain the constant association of breccias

with mountain-forming epochs.

Prof. Seeley remarked that, although some conglomerates contained

marine fossils, it was probable that their materials, like those of

breccias, for the most part acquired their forms upon land-surfaces.

The pakeontological history of these accumulations lent some support
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to such an origin. Thus, it was -a series of terrestrial reptiles that

was associated with the Dolomitic Conglomerate of the West of

England. But in the Sivalik rocks of the North of India, pebble-

beds of enormous thickness occurred in strata with a very large

mammalian fauna. The absence of marine fossils supported the con-

clusion that the rock-materials of such strata were formed upon land,

rolled down from a mountain-chain as boulders, and were rounded

at the present day in the tributaries of the Indus, but extended

along the flank of a range, such as the Himalayas, which furnished

the supply.

Mr. Ussher thought the paper too brief for so interesting a

subject, and he hoped that it was only an instalment of a series of

contributions from the Author's facile pen. The Author had not

made enough of Devon, where there were several distinct types of

breccias, some of them resembling the Plyseh and some containing

huge igneous fragments. Water-action failed to account adequately

for their transportation ; Ramsay had suggested ice-action, but

failed to adduce evidence in support of it. On the borders of

Dartmoor there were quartz-porphyry dykes in situ in the Culm-
Measures, identical with the material found in certain New Red
breccias.

Mr. Strahan called attention to some features in the Dolomitic

Conglomerate of South Wales. The rock there fringed inliers of

Carboniferous Limestone, which had obviously been Triassic islands.

The islands were of no great height, and often quite small. They
could scarcely have given rise to landslips, yet the breccias extended

from them for half a mile or more. Some of the islands survived until

Liassic times ; the material which fell from them into Liassic water
was rolled into shingle, whereas that which fell in Triassic times

remained angular or nearly so. Among the breccias had been found
slabs of rock bearing the impressions of reptilian footprints, a cir-

cumstance which was in favour of their subaerial origin. But, on
the other hand, in a subaerial talus the largest blocks always travelled

farthest ; whereas, in the Triassic breccias, the material became
gradually finer the farther it receded from the source, until the

breccia tailed awaj- in a thin sheet scarcely coarser than the marls

with which it was interbedded.

Mr. Clement Reid pointed out that there were extensive flats in

Sussex, made up of a breccia of angular flint-rubble and Chalk. The
fossils found in association with these were unmistakably terrestrial,

and pointed to a dry and cold period. Across the Channel similar

deposits occurred, interstratified with loess and containing mollusca

indicative of a cold climate. One need, however, go no farther than

Brighton to see an excellent Pleistocene breccia.

Mr. H. B. Woodward remarked that the breccias in the North-
east of Scotland should be spoken of as the Sutherland, and not the

Caithness breccias. There detritus which had broken away from

old cliffs had been commingled with sands and muds, in which
remains of cycads and corals occurred ; and probably the climatic

conditions were less severe than in some other regions to which
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reference had been made. That the Sutherland district had been
affected by earth-movements during the formation of the breccias

was indicated by certain sandstone-dykes.

The Author, in replying, said that he fully accepted Mr. Wickham
King's view of the origin of the Clent breccias, but thought the word
' uplands ' preferable to ' highlands ' for the district which had sup-

plied the materials. Where denudation was subaerial, any 'planing-

down ' would be slow work. Charnwood was too distant to be

quoted in support of the term ' highlands.' As for the origin of the

Flysch,the Diablerets district was doubtless folded and faulted ; but,

as it was fairly dissected, surely the crystallines which had supplied

the materials (as Prof. Lapworth suggested) ought to have been some-

where exposed. Those great foldings also were of later date than

the Flysch. The point mentioned by Prof. Watts about the present

landslip-zone in Switzerland was very interesting, but the material

of the breccias hardly corresponded with that of the landslips which
the Author had examined. In reply to Prof. Seeley's complaint

that he had not included conglomerates in his paper, he had already

written a fair amount about them, and thought that an Author had a

right to choose his own subject. As to the complaint of brevity,

he had studied that in his paper, because he wished to summarize,

not to reprint, and on this occasion further condensation had been

made necessary by no fault of his. The occurrence of footprints in

association with the Dolomitic Conglomerate, which he feared had
slipped his memory, was an interesting fact.
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I. Introduction.

The Welsh, rivers, of which I shall endeavour to trace the history

in the following pages, flow through a hilly region composed almost

wholly of Palaeozoic rocks. The greatest height is attained in

the Old Red Sandstone of the Brecknock Beacons, which fall but

little short of 3000 feet ; but the Coal-Measures also rise into

escarpments exceeding 2000 feet, and form large areas of mountain-

land with an elevation of 1000 feet or more. This high ground is

trenched by a series of valleys, of no great length, but important

from their depth and from the fact that they penetrate a busy
region otherwise difficult of access.

A watershed map of Wales presents at first sight the appearance of

a meaningless mosaic, and it will be convenient to commence by dis-

entangling its leading features. A main water-parting, separating the

westward- from the eastward-flowing rivers, runs from the northern

coast of Pembrokeshire near Fishguard, through the counties of

Cardigan and Montgomery. It will be noticed that it commences
with an east-and-west trend, but curves gradually northward in

Central Wales, keeping near and almost parallel to the west coast.

Westward from this water-parting there runs a series of short

streams into the Irish Sea ; eastward from it flow the Severn and

the Wye, both of which traverse Wales in a south-easterly direc-

tion, but then turn south-westward to the Bristol Channel. South of

the Wye we come to a group of rivers rising on subsidiary water-
partings in the counties of Brecknock, Monmouth, and Glamorgan,

and three which traverse the counties of Carmarthen and Pem-
broke from the Central Wales water-parting southward. It is

these South Welsh rivers which I propose to discuss in detail.

Taken in order from east to west, they include the Usk, with its

1 Communicated by permission of the Director of H.M. Geological Survey.
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tributary the Afon Lwyd, the Ebbw Fawr and Ebbw Fach, the

Sirhowy, the Ehymney, the Taff, the Nedd or Neath, the Tawe,
the Loughor, the Towy, the Taf, and the Cleddau.

II. Eelations op the Valleys to the Geological Structures.

The Usk takes its rise in the Old Bed Sandstone and Silurian

rocks near Brecon, and flows eastward at the foot of the great

Carboniferous escarpment of the north side of the Coalfield. At
Abergavenny it turns southward, and, meandering across the Usk
inlier of Silurian rocks, enters the Bristol Channel near Newport.
It is to be noticed that it does not make for the synclinal region of

Carboniferous rocks, but, on the contrary, cuts right across the area

of great upheaval which has brought the Silurian rocks to the

surface.

The Afon Lwyd rises on the southern slopes of the northern

escarpment of the Coalfield. It then maintains a south-easterly

and southerly course, crossing the Blaenavon Fault without being

deflected along it, and skirting the margin of the Coalfield in

preference to following the dip-slopes towards the central syncline.

Finally it escapes from the Carboniferous area by a gorge at

Pontypool, and passes close by a Silurian inlier on its way to join

the Usk at Caerleon.

The Ebbw Fawr rises in the northern margin of the Carboniferous

area, and traverses the Coalfield in a direction slightly east of south.

The Ebbw Fach originally followed a similar course, but having

suffered the loss of its head-waters by the cutting back of the

gorge of the Clydach, as described by Mr. Walcot Gibson, 1
it now

commences existence some 3 miles farther south. The two rivers

unite at Aberbyg, traverse the central syncline, and, escaping

through the Carboniferous escarpment by a gorge at Bisca, join

the Usk near Newport.
The Sirhowy follows a parallel and similar course. It joins the

Ebbw a mile above Bisca, and to effect the junction makes a sharp

turn eastward, instead of continuing a course which would have

led it into the deep Caerphilly syncline.

The Ehymney in its upper part resembles the Sirhowy and Ebbw,
but it enters the Caerphilly basin, a deep trough both structurally

and physically, and, turning eastward along it, traverses the Car-

boniferous escarpment at Machen. At first sight the turn might

be attributed to the syncline, but it corresponds to the turn made
by the Sirhowy, which was away from the syncline, neither to it nor

along it. The Ehymney then makes direct for a Silurian inlier near

Cardiff, despite the fact that the strata have there been raised 7000
or 8000 feet higher than in the Caerphillv syncline.

The Taff Fawr and Taff Fach differ only from the rivers already

described, in the fact that they rise on the dip-slopes of Old Eed
Sandstone to the north of the Coalfield. Flowing slightly east of

south, they cross the Yale-of-Neath disturbance, which here takes

1 Mem. Geol. Surr. 1900 ' Geology of Abergavenny ' p. 93.
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the form of a wedge faulted down to a depth estimated by Mr.

Gibson at about 900 feet, and unite to form the Taff near Merthyr

Tydfil. The Taff passes without deflection both the steep central

anticline of the Coalfield at Pontypridd, and the Caerphilly syncline

to the south of it, escaping from the Coalfield by a narrow gorge

at Walnut Tree. Thence its course lies on Keuper Marl.

Some tributaries of the Taff, known as the Cynon and the Rhondda

Fawr and Rhondda Fach, rise within the northern margin of the

Carboniferous area, and join the main stream at Abereynon and

Pontypridd respectively. While flowing almost in the direction

of some north-north-westerly faults, they do not actually follow

any one of them.

Some small streams west of the Taff deserve a brief mention.

The Ely rises on the north side of the central anticline of the Coal-

field, and crosses it, steep though it is. It leaves the Coalfield

by a break in the escarpment at Llantrissant, which is probably

of pre-Triassic age, and then flows eastward to Cardiff over the

Secondary rocks which occupy the hollow of the deeply-denuded

Cardiff anticline. The Ogwr, Garw, and Llynfi rise in the Coal-

field north of the central anticline, the southern limb of which is

here replaced by a great east-and-west fracture known as the

Moel Gilau Fault. They unite to form the Ogmore, and pass the

Carboniferous escarpment by a broad gap, probably of pre-Triassic

age. Other smaller streams follow a similar course, the high

Pennant land to the south of the fractured anticline offering no
obstacle to their assumption of a southerly direction.

It may be remarked of the rivers described in the foregoing-

paragraphs, that they show parallelism in a south-south-easterly

direction, and that their courses are maintained regardless of the

structure of the rocks over which they flow. That they are not

diverted by the great east-and-west flexures, such as the anticlines

and synclines of the Coalfield, is too obvious to need further proof,

but their independence of the north-north-westerly system of faulting

is not immediately apparent.

The faults of the north-north-westerly system form a conspicuous

feature in the structure of the district, and recur at frequent and
fairly regular intervals throughout the Coalfield, where their

courses and effects are known with considerable certainty. Out of

so many faults and valleys, agreeing approximately in direction,

it might have been expected that several would coincide. Examina-
tion of the maps * will show, on the contrary, that coincidence of

valley with fault is rare. Of the nine or more long ridges of

Pennant which divide the valleys enumerated above, more than
half are cut longitudinally by north-north-westerly faults ; but
not one of the valleys follows a fault, though they sometimes
cross the faults at an oblique angle. The want of coincidence is

equally marked in the Lower Carboniferous escarpments: neither

of the Taff rivers has utilized a fault in passing the northern

1 The area under consideration is included in the Ordnance Survey (New
Series) 1-inch Maps 230, 231, 232, 247, 248, 249, 262, & 263.
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escarpment of the limestone, nor is there any fracture along the
gorges at Pontypool, Machen, or Risca. At Walnut Tree alone
is there a displacement, the coincidence of gorge and fault here
presumably being accidental. The parallelism of the valleys with
the faults, moreover, is more apparent than real : the faults run
a few degrees more east of south than the valleys, and the difference

is maintained. Consequently the valleys cross the faults, but at so

oblique an angle as to make it the more remarkable that they do
not follow them. Lastly, we shall find that, although in the region
about to be described the north-north-westerly system of faults is

fully developed, the valleys take a different direction. I infer,

therefore, that the north-north-westerly system of faulting had no
more share in determining the river-system than the east-and-west

folds.

AVe come now to a series of valleys of a different character

—

they run about west 30° to 40~ south, that is, almost at right-augies

to those already described. The change of direction takes place in

the region in which a set of powerful disturbances first manifests

itself (A, B, C, 1), & E, on the map, Pl.V) ; and the direction assumed
so closely coincides with that of the disturbances as to prove that

it was determined by them.

The Yale of Neath, or Nedd, forms one of the best examples.

The sources of the river lie on the southern slopes of the Old Red
Sandstone of Fforest Fawr ; and from this upland region the Hepste,

Mellte, and (upper) Neath make their way southward, crossing

the Lower Carboniferous rocks, and a number of north-north-

westerly faults, in narrow and precipitous gorges with numerous
waterfalls. The Hepste and Alellte unite, and reach the belt of

plicated and overthrust strata which we have called the Yale-of-

Xeatli disturbance (E on the map, PL V), at the Glyn Neath Powder-
Mills ; the Upper Neath reaches the same disturbance a mile farther

west, at Pont Nedd Fychau. Once in the disturbed belt the water

never leaves it, but follows it in a straight trench-like valley for

12 miles to Neath. There the disturbance dies away, the trench

comes to an end, and the river turns southward to the sea at

Briton Ferry. The valley is about 1000 feet deep in the Pennant
region, and contains a strip of alluvium from a third to half a

mile in breadth. The margin of the alluvium, which marks the

limits of the lateral swinging of the river, coincides with the

margin of the disturbed strata, and the walls of the valley are

formed by the unbroken strata of the north and south sides of the

disturbance. The alluvial flat, however, ceases at the Powder-Mills,

where limestone and Millstone Grit are thrown up along the axis

of the disturbance. From that point eastward a ridge marks the

axis of the disturbance, except at the spots where it is crossed by

the Taff Fawr, Taff Fach, and a gap at Penderyn.

Travelling 7 miles to the north-west over undisturbed strata, we
reach a second belt cf plication and fracture, which we have called the

Cribarth disturbance (D on the map, PL Y), after a hill in which its
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effects are well exhibited. Here again is a no less intimate connection

between disturbance and river. The Tawe is fed by streams from

the Old Red Sandstone. These unite before reaching the Carbon-

iferous Limestone escarpment, and pass that great feature in a

winding gorge, near, but not along, the line of the Cribarth dis-

turbance. In the Coal-Measures, however, a little to the south,

the river falls into the line and follows it thence to Swansea, a

distance of about 12 miles. The disturbed belt is less closely

defined than that of the Vale of Neath; but evidence of its

existence recurs at frequent intervals. The Red Vein of coal, for

example, is thrown down to the north-west at Ystalyfera, and the

Hughes Yein is similarly shifted near Pontardawe. Some great

north-and-south faults are deflected by it in a manner described

later on ; while, lastly, in following the line of disturbance to

Morriston near Swansea, we are led to an extremely deep faulted

syncline, known as the Tir Canol Fault, which has been thoroughly

explored in working the coals under the alluvial flat. There is no

known fault, however, in the gorge by which the Tawe traverses the

southern escarpment of the Pennant Grit at Swansea.

The Longhor River rises in the northern margin of the Car-

boniferous area, and runs in a direction slightly west of south.

It follows no great line of disturbance, but meanders across the

Coalfield, passing several considerable north-north-westerly faults

and east-and-west folds without deflection.

The Towy flows wholly on the north side of the Carboniferous

area. It is fed by a number of streams from the main water-

parting which runs through the counties of Pembroke, Cardigan,

and Montgomery ; but these tributaries are all gathered into a main

stream, the course of which from Llandovery by Llandilo to Car-

marthen is obviously connected with the strike of the Silurian and
Ordovician rocks. Recent work by my colleagues Messrs. Cantrill

and Thomas 1 has shown that that strike is due to movements of

great energy, which have not only rendered the strata vertical, or

nearly so, along a belt of country some 2 miles in width, but have

caused much overthrusting. The disturbance (A on the map, PI. V),

which may be conveniently named after Llandilo, is allied in

direction and character with those of Cribarth and Neath, as will

be shown in discussing the age of the various movements evidenced

in South AVales. Near Carmarthen, where it loses energy, it

releases the river, which then takes a southward direction into

Carmarthen Bay. Before quitting the Towy, however, brief

allusion may be made to a small tributary known as the Cennen,

which rises in a strike-valley at the foot of the Carboniferous-

Limestone escarpment. The valley follows a subsidiary disturbance

(B on the map, PI. V) parallel to the Llandilo movement, the effect of

which has been to form a faulted syncline, and to introduce a con-

spicuous little crag of limestone, known as Cerig Cennen, into the

middle of the outcrop of the Old Red Sandstone. The drainage

1 Mem. Greol. Surv. Summary of Progress for 1901. (In the press.)

Q. J. G. 8. No. 230. q
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of the strike-valley is carried partly westward by the Cennen, and
partly eastward by a stream flowing eastward along the same line

of strike, the parting between the two streams being ill-defined.

Both streams leave the line of strike as soon as the disturbance

loses intensity, and turn northward into the Towy.
The remaining rivers to be mentioned are the Taf and the Cleddau.

Rising west of the region affected by the Llandilo disturbance,

they pursue an uninterrupted course from their sources in the

main watershed to the southern coast of Pembrokeshire. In so

doing they ignore great east-and-west folds, which are in a direct

line with the pre-Triassic folds of South Glamorgan ; the Western
Cleddau, for example, crosses in succession an area of Archaean

rocks and the synclinal region of the Coalfield. In Milford Haven
the valley pursues a westerly course along the strike of the beds,

and thus gives, what is rare in South Wales, an example of a valley

coinciding with the pre-Triassic strike.

The influence of the group of south-westerly disturbances may
be inferred also from a consideration of the catchment-basins of the

rivers. The Vale-of-Neath disturbance dies away a short distance

east of the Taff Valley ; the Usk consequently escapes its influence,

and rises in the next belt of disturbance, namely, that which I

have named after Llandilo. The Llandilo disturbance broadens

out in the neighbourhood of Builth ; the Wye consequently, and
the Upper Severn, go beyond it to the main water-parting of Wales
for their sources. Similarly the Pembrokeshire Taf and the

Cleddau rise in the main water-parting, and flow directly from it,

both the Llandilo and the Cribarth disturbances having died out

before entering their catchment-basins. All the rivers, in fact, have

assumed a course at right-angles to the main water-parting, except

those which have been deflected along local subsidiary disturbances.

This prevalent, or normal, direction of flow locates the axis of the

elevatory movement by which the drainage was initiated, and it is

of the greatest interest to note that that axis is parallel to those

subsidiary disturbances which have controlled the river-courses

wherever they are developed.

III. The Age and Character oe the Structures.

That the movements which have affected this region are charac-

terized by their direction is apparent at once, and this fact alone

suffices to distinguish them into the three systems, the directions of

which are expressed by Prof. Lapworth under the names of

Armorican, Charnian (or Hercynian of Suess), and Caledonian.

These three systems, moreover, differ no less in character than in

direction.

(1) The east-and-west, or Armorican, movement, was one

of compression from south to north. It reached its greatest intensity

in Somerset and Devon, but extended so far north as to fold sharply

the Lower Carboniferous rocks south of the Coalfield, and to throw

the Coal-Measures themselves into great synclinal and anticlinal
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folds. The existence of the Coalfield is, in fact, due to a broad

synclinal structure produced by that movement. The period during

which the Armorican movement was active in this district is well

defined. It affected equally all rocks from the Silurian to the

youngest Coal-Measures, and was therefore post-Carboniferous.
On the other hand, it affected neither the Keuper in South Wales
nor the New Red rocks (including the so-called Permian) in Devon,

and was therefore pre-Triassic.
The movement is characterized by folding and overthrusting, and

was essentially of an elevatory type. It marked the commencement
of a prolonged continental epoch, and was the direct cause of the

enormous denudation which took place between Carboniferous and
Triassic times. A river-system must have existed ; and Sir Andrew
Hamsay even attributed the Welsh valleys to erosion continuously

proceeding ' ever since the close of that great continental epoch that

ended with the influx of the Rhgstic and Liassic sea.'
1 I should

suggest that the erosion more probably took place during the conti-

nental epoch than after its close ; but, so far as I am aware, no part

of the valley-system now in use can be proved to be of this early

age, except some breaks in the escarpment already mentioned, and
certain broad low-lying tracts, such as the Yale of Glamorgan and
the Bristol Channel, which are, or have recently been, deeply over-

spread by Keuper Marl. That the existing rivers make for these

tracts is true ; but it is to be remembered that in so doing they ignore

the Armorican folding which determined the positions of those tracts,

and were therefore themselves determined by another cause.

(2) The north-north-westerly, or Charnian, faults show
a, remarkable persistence through England, AVales, and probably

Scotland. 2 So far as South Wales is concerned, it can be proved

that the movement was in progress after the deposition of the Lower
Lias, but that it had commenced at an earlier date ; for the faults,

though they affect strata of all ages, are more considerable on the

average in the Carboniferous than in the Secondary rocks. In other

parts of the kingdom it can be shown that the movement was in

full activity in post-Cretaceous times, for its effects are shown in

the Chaik both of Devon and Yorkshire. If the injection of the

innumerable dykes of the jNorth-west of the British Isles, which
have this direction, was due to the same movement, the period of

activity is extended into Eocene times, and, as a fact, one of the

north-north-westerly fractures in Staffordshire has been injected

with basalt of a Tertiary type. 3 Whatever their age may be,

however, the north-north-westerly faults had no share in determ-
ining the courses taken by the rivers ; and this I believe to be

true not only of South Wales, but of other districts. The Vale of

Clwyd would seem to be an exception : the existence of the Vale,

1
' Physical Geology & Geography of Great Britain' 6th ed. (1894) p. 303.

2 Geol. Mag. 1899, p. 111.
3 W. W. Watts, Proc. Geol. Assoc, vol. xv (1898) p. 397.

q2
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however, is due, not directly to the fault, hut to the introduction by
the fault of a strip of soft strata among the Silurian slates and
grits.

The Charnian movement, as manifested in the north-north-

westerly faults, was essentially one of subsidence. It is charac-

terized by faults which hade normally to the downthrow, and each

fault represents a gain in horizontal extent of the rocks that it

shifts, proportionate to its throw and the lowness of its hade.

In the Coalfield alone, this gain must amount to some hundreds of

yards.

(3) The age of the west -south-westerly, or Caledonian,
movement in South Wales is more difficult to determine, for it did

not extend to the area now occupied by Secondary rocks. The
belts of disturbance attributable to this movement in the area

under consideration may be enumerated as follows :

—

The Yale-of-Neath disturbance, which runs from the Old Red
area north of Dowlais to Neath, a distance of 25 miles, in a

general direction of vs est 27° south (E on the map, PI. Y).

The Cribarth disturbance, which follows at a distance of 7 miles,

runs from Fan Gihirych to near Swansea, a distance- of 20 miles,

in a general direction of west 40° to 50° south (D on the map).

The Tair-Carn disturbance is an anticline -which arches up the

Millstone Grit 8 miles north of the Cribarth disturbance. It

runs in about the same direction, but its course through the

Coalfield is still under investigation (C on the map).

The Cerig-Cennen disturbance runs about 2 miles north of Tair

Cam, in a direction of west 20° south (B on the map).

The Llandilo disturbance runs a mile or two farther north

again, in a direction of about west 17° to 20° south, but curves

northward to west 45c south (A on the map 1

).

Direct evidence proves no more than that these disturbances were
of post-Carboniferous age ; and from the fact that they resemble the

east-and-west folds in being due to a movement of compression, and
do not differ widely from them in direction, I was disposed at first

to regard them as contemporaneous with that system. That view

is untenable, for the following reasons :—-The two systems are

developed in different regions, and do not amalgamate; the Cale-

donian movement lost energy in the district in which the Armorican
movement was most intense, the one displaying itself in Central

Wales, the other in Devon and Somerset. Secondly, the difference

in direction, though slight, is maintained. Lastly, the Armorican
disturbances were due to a movement or impulse from the south, and

die gradually away northward in South Wales, while the Caledonian

movement records an impulse from the north, and dies gradually

away southward in the same region. The detailed structure of

the Caledonian disturbances, enumerated above, indicates this thrust

1 The re-surveying of the district extends no farther north than Llandilo,

and I am, therefore, unable to say what further disturbances occur to the

north of that town.
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from the north, for at the head of the Yale of Neath the Carboniferous

Limestone has been thrust southward over the Millstone Grit l

;

while the relations of the Ordovician and Silurian rocks in the

Llandilo neighbourhood shew that the fold takes the form of a great

sigmoidal curve, supplemented in places by fracture and thrusting

from the north. 2

It being evident, therefore, that the Caledonian movement was

distinct in character, distribution, and, presumably, age from the

Armorican, it remained to compare it with the north-north-westerly

faults of the Charnian movement. Theoretically the later move-

ment would shift the structures due to the earlier ; and this test,

when applied to the Charnian and Armorican structures, gave a

definite result, for the north-north-westerly faults maintain their

direct courses across the east-and-west folds everywhere. As regards

the relations of the Charnian with the Caledonian movements the

evidence is as follows :

—

A considerable number of north-north-westerly faults have been

mapped on either side of the Yale-of-Neath disturbance, but a few

only could be traced across it. At Penderyn there is a cross-

fracture, but the details of the structure are hidden by Drift. Of

the many faults visible in the ravines of the Hepste, Mellte, and

Upper Neath, not one could be recognized in the belt of disturbed

ground. The Glyn Corrwg Fault reaches the disturbance on its

south side at Blaengwrach. It has there a large westerly downthrow,

but no fault of corresponding magnitude was to be found on the north

side of the disturbance. The strata, however, are much plicated

;

and it is possible that the fault continues, though it is certainly

smaller. The behaviour of the Pen-y-Castell Fault scarcely admits

of this explanation. It runs into the disturbance from the south

3 miles below the Glyn Corrwg Fault, and has been proved at

a point about 2 miles south of the intersection to have a westerly

downthrow of 118 yards. The bold Pennant features on the north

side of this part of the Neath Yalley give facilities for a full

investigation, but I was unable to find any trace of the Pen-y-

Castell Fault. Two explanations are possible : either the fault died

away, or it turns abruptly, through more than a right-angle, along

the Yale of Neath. The latter involves the supposition that a line

of weakness already existed along the Yale, which is tantamount

to saying that the Caledonian preceded the Charnian movement.

I put forward this explanation in 1900 (while the Survey was in

progress), and it seemed to be supported by the fact that a north-and-

south fault crossed the Cribarth disturbance near Pen Wyllt 3
; but

since then further evidence has been obtained, leading to an opposite

conclusion.

Both the Yale-of-Neath and the Cribarth disturbances are crossed

1 Mem. Greol. Surv. Summary of Progress for 1898, pi. ii, facing p. 118.

The illustration will be reproduced in the Memoir on Sheet 231 (Merthyr
Tydfil), in preparation.

2 Mem. Greol. Surv. Summary of Progress for 1901. (In the press.)
3 Ibid. 1898, pp. 118, 119.
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by the extremely deep trough-faults known as the Bhydding and
the Dyffryn Faults. The Rhydding Fault has a westerly downthrow
of 800 yards at its maximum, and of 580 yards at its intersection

with the disturbance. The Dyffryn Fault has an easterly downthrow
of about 300 yards at the intersection. Both faults hade normally

to the downthrow, and therefore in opposite directions. If, then, they

were crossed by a later fracture, their surface-positions should be
shifted in opposite directions ; but, so far from this being the

case, both are shifted, or rather curved, considerably to the south

in crossing to the north side of the Cribarth disturbance. The
same effect is produced on other faults, notably the Gardener's

Fault at Clydach ; and it may be the explanation of a remarkable

twist in the Gnoll Fault at Neath, the tracing of which has puzzled

successive generations of coal-miners. It would seem that the

whole block of country north of the disturbance has moved south-

westward relatively to the block south of it—a movement which
would account also for the difference in level noticeable in strata

on either side of the disturbance. The north-north-westerly faults

suffered the shift, and therefore preceded the Vale-of-Neath and
Cribarth disturbances. In the case of the Llandilo disturbance,

Messrs. Cantrill and Thomas have traced several considerable north-

north-westerly faults through the upturned Lower Carboniferous

and Silurian rocks which flank the axis, but have found no clear

case of one of these faults cutting clean through the axis itself,

along which the overthrusting sets in.

IV. Deteemination or the Ejvee-Ststem ey a Caledonian
Movement.

The behaviour of the rivers now becomes explicable. They were
initiated by the latest of the three systems of movement, and during

a period of elevation, which is evidenced by the character of

that system. An axis, presumably of maximum elevation, formed
the water-parting, and from it the rivers flowed east and west on
its two sides respectively, but some subsidiary axes of elevation

formed minor water-partings, or locally diverted the rivers in their

courses from the major axis. Thus the Severn, Wye, Towy, Taf,

and Cleddau rise in the main water-parting, and take a normal
course from it; but the Towy, encountering the Llandilo disturbance,

is deflected along it to the south-west, so far as the disturbance

runs. The Usk rises in the Llandilo disturbance, assumes the

normal direction and keeps to it. The Tawe, rising in the same
subsidiary water-parting, encounters the Cribarth disturbance, and
is deflected along it to the south-west. The Neath and the Taff rise

in an elevated region which is in the line of the Cribarth disturbance,

and assume the normal course ; but the Neath is caught in the Vale-

of-Neath disturbance, and is deflected by it. The Tatf encounters

the same disturbance, but, for a reason explained subsequently,

crosses it. The group of rivers, including the Afon Lwyd on the

east and the Ogmore on the west, rise south of the belt affected by
the subsidiary disturbances and pursue a normal course.
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The fact that the Taff crosses the Vale-of-Neath disturbance needs

further explanation. The effect of these subsidiary disturbances upon

the drainage is attributable to their having been axes of elevation.

The strata are crumpled up and overthrust along them. More than

this, the Yale-of-Neath disturbance, where it so effectually traps

the head-waters of the Neath, is accompanied by an uplift of the

strata on its south side of about 600 feet, and would thus be likely

to throw a southward-flowing river out of its course. Where it is

crossed by the Taff it assumes a different structure. There Mr.

Gibson finds that the disturbance is not accompanied by an uplift of

the south side, but that it takes the form of a faulted syncline about

a mile broad, along which a wedge of Carboniferous Limestone is

dropped into the heart of the Old Red country, to a level of about

900 feet below its normal position. The disturbance dies out about

3 miles to the north-east of the Taff Fach, and the absence of

those evidences of compression which abound farther to the south-

west, may be regarded as symptoms of diminishing energy. As a

result no intercepting feature was formed, and the Taff Eawr and
Each kept their southward courses.

The fact that the rivers ignore the structures produced by the

Armorican and Charnian movements proves that the physical

features produced by those structures had either been completely

levelled by denudation, or, what is more probable, had been buried

under later formations, after being partly levelled down. Of the

elevation and vast amount of denudation which resulted from the

pre-Triassic Armorican folding we have ample proof, as shown by
Ramsay more than fifty years ago. 1 To mention one example—the

Keuper Marl rests directly upon Silurian strata near Cardiff. At
that spot there must have been removed in pre-Triassic times about
3500 feet of Old Red Sandstone, 1400 feet of Carboniferous Lime-
stone and Millstone Grit, and not less than 2800 feet of Coal-

Measures, or about 7700 feet of strata in all.
2 Evidence to this effect

is yielded also by many rocky inliers of Carboniferous Limestone in

the Keuper Marl, for much of the landscape produced at that early

period still survives, though later erosion has only partly freed it

from its envelopment of Secondary rocks.

Of these inliers many sank beneath the water in Triassic time,

but others survived as islands in the Liassic sea. In such cases the

Lias always overlaps the Trias ; and it may be inferred that the

same overlap took place along the main coast-line of the Liassic sea.

Evidence exists (in the shape of veins filled with haematite, and
even with marl, in the limestone) that the Trias extended farther

and to a greater elevation than now, both to the west in Gower and
to the north near Cardiff. Presumably the Lias extended still

farther
;
but the fact that it assumes a littoral type in parts of

South Wales, proves that its limits were not far distant. In these

1 Mem. Geol. Surv. vol. i (1846) p. 297.
z I give here measurements recently obtained. Ramsay's estimates were

rather greater.
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conclusions I agree closely with the views expressed by Sir Andrew
Hamsay in 1872. 1

In speaking of the later Secondary rocks, he stated his opinion

that it was ' even possible during the Upper Cretaceous period

Wales may have sunk almost entirely beneath the sea.' This

hypothesis, so guardedly put forward, is likely I think to receive

support. The Upper Cretaceous rocks, though they thin westward,
are well developed at Haldon in Devon. They have there over-

lapped all the older Secondary formations, except a small part

of the Bed Hocks, and must obviously have overspread much of the

Palaeozoic area. In the Midlands also, as well as in the North-

eastern Counties referred to by Ramsay, they overlap the Upper
Jurassic strata with a marked unconformity, while finally they

re-appear in Scotland and the North of Ireland. This overlap by,

and wide extension of, a purely marine formation, proves a period

of general subsidence, which possibly was connected with tho

equally wide development of the subsiding movement indicated by
the north-north-westerly, or Charnian, faults—these, as we have
seen, having been in part only of post-Cretaceous age. If we can

add to these arguments that the great uplift was due to activity of

the Caledonian movement in post-Cretaceous times, the possibility

suggested by llamsay becomes a probability, for it would imply that

the uplands of South Wales had not come into existence, and
that there was therefore no obstacle to the advance of the Upper
Cretaceous sea. I may add that Mr. Jukes-Browne, on a totally

different line of argument, has concluded that the Upper Chalk

covered all Wales, except a small area overlying the present Snowdon
range." A statement, by which Eamsay was influenced, that no

trace of Upper Cretaceous rocks exists in South Wales, except for

some flints in a gravel on the Wye, is not wholly correct, for small

fragments of flint occur sparingly in the Glacial Drift of South

Glamorgan. I attach no importance to the fact, however, for they

may have travelled far. Their great abundance in the 'raised beach'

of parts of Cornwall is more significant.

Eocene gravels in their turn overlapped the Chalk. Evidence of

this has been obtained by Mr. Clement Eeid in the composition of

the Bagshot gravels of Dorset, 3 and recently by Mr. H. B. Woodward
at Lyme Eegis. 4 Part of the evidence, however, consists in the

occurrence of pebbles of Oolitic rocks in the gravels ; a fact which
proves that the Chalk had already been denuded, and that the

uplift in the west had therefore commenced. The inference that the

limit of the Eocene basin was not far distant receives support from

the character of the Eocene strata, and the rapidity of the change

undergone by them in a westerly direction. That they extended

over South Wales seems scarcely probable.

1 Quart. Journ. Geol. Soc. vol. xxviii (1872) p. 148. The substance of that

paper is reproduced in his ' Physical Geology & Geography of Great Britain

'

Gob. ed. (edited by H. B. Woodward) 1894, cb. xxxi, pp. 346-66.
2

' Building of the British Isles' 1888, p. 194.
3 Quart. Journ. Geol. Soc. vol. lii (1896) pp. 490-95, & vol. liv (1898)

pp. 234-38.
4 Mem. Geol. Sury. Summary of Progress for 1901. (In the press.)
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It is a reasonable assumption, therefore, that the river-system
of South Wales was initiated upon a slope of Upper
Cretaceous rocks, by which all features in the Palaeozoic strata

were blanketed over, and that in this may be sought the explanation

of the complete disregard by the rivers of structures due to the

Armorican and Charnian movements. The case is comparable to

that of a part of Dorset, where folded Jurassic rocks form the sub-

stratum to the Upper Cretaceous. There also the rivers, initiated

upon a Chalk-plain by post-Cretaceous movements, have maintained

their courses after the removal of the Cretaceous rocks, and occupy

valleys which have no connection with the structures in the Jurassic

strata.
1

V. Connection with the Course oe the Severn, and of the

Thames and Frome.

The courses taken by the Severn and the eastward-flowing rivers

of the South of England were discussed by Sir Andrew Ramsay in

the paper already quoted. The southward direction assumed by the

Lower Severn was accounted for, on the supposition that the country

received a tilt after Miocene times, by which a slope to the north-

west was produced. The Chalk having been denuded along the

route which the Severn was thus induced to follow, the Chalk-

escarpment came into existence. In order to account for the east-

erly direction taken by the Thames and Frome,he found it necessary

to suppose a later tilt of the country by which a slope to the east

was produced. The argument, however, in favour of the tilt to the

north-west was not regarded as convincing, and the course taken
by the Severn remained unexplained. 2

The evidence on which the history of the eastward-flowing rivers

of the South of England may be reconstructed is fairly complete.

The initiation of the two main lines of drainage, the Kennet-Thames
and the Erome-Solent, has been discussed elsewhere,

3 and it will

suffice now to recall the fact that they follow the London and
Hampshire synclines respectively, and collect their tributaries from
the intervening anticlines. Further, it was shown that these

synclines and anticlines, while running east and west, are arranged
in echelon along a line which is parallel to the Chalk-escarpment.

The Chalk-escarpment now forms the main water-parting through
much of its range across England, as shown on the map (PI. V).

There is reason to think that originally the coincidence between
escarpment and water-parting was closer even than it is now.
The escarpment, in that part of it which extends from Dorset to

the borders of Hertfordshire, diverges from the water-parting three

times, namely, in the Vales of Wardour and Pewsey, and in the

valley of the Upper Thames. In all these cases, rivers rising in

1 Mem. Geol. Surv. < Geology of the Isle of Purbeck ' 1898, p. 233.
2 The theories put forward by Mr. S, S. Buckman in Proc. Cotteswold Nat.

Field Club, vol. xiii (1900) p. 175, following the lead of Prof. W. M. Davis,
appear to me to transgress the limits of legitimate speculation.

:i Mem. Geol. Surv. 'Geology of the Isle of Wight' 2nd ed. (1889) p. 248,
& Proc. Geol. Assoc, vol. xiv (1896) p. 406.
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the low-lying Oolitic region flow eastward against the general run
of the country, and make their way through the Chalk-escarpment
to the Thames or Frome. The explanation did not escape Ramsay*.

Their courses were initiated upon an eastward slope of Chalk, and
the distance from their sources to the existing escarpment is a

measure of the recession of the escarpment since the initiation.
1

The amount of denudation accomplished in this main escarpment
is not out of proportion to that which has cut back the Worth and
South Downs of the Wealden area to their present position in the

same period of time. The original position of the escarpment,

therefore, coincided closely with the water-parting of the eastward-

flowing rivers. But the general dip of the Chalk is sufficient to

carry it high into the air over the line of the water-parting, and it

is evident that it cannot have continued westward. In other

words, there must have been an anticline along the line of the

water-parting. Traces of such an anticline have been detected by
Mr. Buckman in the Vale of Moreton. 2

We may now compare this main water-parting of the South

of England with that of South Wales. From both, the rivers

take a normal eastward course. On the west side of the one

the rivers are deflected to a south-westerly course, as in the

case of the Avon and Severn, or to a north-easterly course,

as in the case of the Ouse and Nen. Along the other a similar

deflection takes place, as in the case of the Teifi, or of the various

streams previously described. The Chalk-escarpment again, in

Suffolk and Norfolk, where the tilt is less pronounced, ceases to

form a water-parting, as was the case with the Llandilo, Cribarth,

and JS
reath axes in Wales. Lastly, the axis of upheaval in the

Chalk is parallel to the Caledonian disturbances which initiated the

Welsh rivers, and took place in that area in which the geographical

arrangement of those lines of disturbance would have led us to look

for it. I infer, therefore, that the initiation of the South-
\Vales and South-of-England river-systems, and the
southward deflection of the Severn were due to one
and the same movement, and that in that movement,
though accompanied by east-and-west folding in the
London and Hampshire Basins, the Caledonian direc-
tion was paramount.

YI. Date or the Initiation of the River-Systems.

Evidence for the age of the Caledonian movement, though deficient

in South Wales, is fairly definite in England. The movement took an
equal share with the Armorican folds of the London and Hampshire
Basins in determining the Thames and Frome systems, and was
presumably contemporaneous with them. But the age of those

Armorican folds is definitely fixed by two facts. They were post-
1 The existence of certain valleys breaching the escarpment, but not now

occupied by streams, is explained by Prof. Gregory, ' Natural Science ' vol. v

(1894) p. 97, on the supposition that they carried the drainage from that part

of the Chalk-plain which has perished.
- Quart. Journ. Geol. Soc. vol. lvii (1901) p. 14b\
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Oligocene, inasmuch as Oligocene strata have been uplifted by
them in the Isle of Wight; they were p re-Pliocene, inasmuch

as no Pliocene strata have been folded into either syncline.
1 The

uplift of the Chalk, therefore, along the Caledonian axis, the position

of which has been, inferred by reference to the Chalk-escarpment,

took place between the deposition of those formations.

But in view of the close analogy which holds between the Cale-

donian disturbances in South Wales and this Caledonian uplift of

the Chalk, not only in direction, but in their effect upon the river-

drainage, these also may be inferred to have been contemporaneous,

and the initiation of the whole of the river-systems
referred to in this paper would have taken place be-
tween the Oligocene and Pliocene Periods.

Passing in review the principal movements which have affected

the regions referred to in this paper since the Carboniferous Period,,

we may construct a chronological table as follows :

—

Bate. Character. Direction.

Post-Carboniferous "1

l
Pre-Triassic j

Elevatory movement.
Impulse from the south.

Subsiding.

Elevatory.

Impulse from the south.

Subsiding.

Elevatory.

Impulse from the north.

Elevatory.

Impulse from the south.

Armor; can.

Charnian.

Armorican.

Charnian.

Caledonian,

Armorican.

Do. do

f

! Intra-Cretaceous ... s

; Post-Cretaceous and }

perhaps Eocene... J

|

Post-Oligocene
|

I
Pre-Pliocene J

i
Do. do -i

i

Of all these, thepost-Oligocene movements alone have
had any direct influence in determining the existing
river-systems. There majT be reluctance in accepting this con-

clusion, on the ground that it assigns a late date to great movements
and to denudation on a sweeping scale. Not only, however, have
movements as great or greater taken place at a still later date in

other parts of the world, butwe have in the Isles of Wight and Purbeck
direct evidence of the date of the disturbances and of the great erosion

consequent upon them. It should be remembered also that, of the

vast mass of Palaeozoic strata which has been removed from South
Wales, by far the greater part was denuded in pre-Triassic times.

Post-Oligocene denudation need be called upon to account for little

more in that region than the removal of the Upper Cretaceous rocks,

and the excavation of the valleys occupied by the existing rivers.

1 C. Eeid, Mem. Geol. Surv. 'Pliocene Deposits of Britain' 1890, p. 69.

Prestwich's view, that the Chalk- and Oolite-escarpments were of Pleistocene
age, has not met with acceptance. It was ably combated by Prof. Gregory in his
paper on the Evolution of the Thames, ' Natural Science ' vol. v (1894) p. 97.
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EXPLANATION OF PLATE V.

Map of South Wales and of a portion of South-Western England, on the
scale of 30 miles to the inch, illustrating the relation of the water-partings

to the geological structure.

The main water-parting of South Wales, and the limits of the basins of the

Thames and Frome, are shown by thick broken lines ; other water-partings being

indicated by heavy dotted lines.

Strong black lines indicate the Caledonian disturbances of South Wales
referred to in the text :

—

A = The Llandilo disturbance.
]

D = The Cribarth disturbance.

B = The Cennen do.
j

E = The Vale-of-Neath do.

C = The Tair-Carn do.

Discussion.

Prof. Groom said that he had listened with great interest to

the paper, since it dealt with an area with part of which he was
familiar. He regretted, however, that the term ' Caledonian

'

had not been used in conformity with its original application, and
had been employed to designate movements which had taken place

in a different district and at a different time from those which gave

rise to the ' Caledonian Range ' of Suess. This, he was afraid, might
lead to confusion.

As to the substance of the paper, while there was much in it

with which he could agree, he felt great hesitation in accepting the

Author's conclusions on one important point. According to the

Author, the movements that gave rise to the south-westerly trend

of the rocks in Central Wales were of later date than those that

produced the Aimorican branch of the Hercynian system. The
speaker thought, however, that the evidence available tended the

other way. The general progress of folding in Britain, as on the

Continent, appeared to have been from the north-west ; and the dis-

appearance of the north-easterly and south-westerly folds in the

southern parts of Wales and Ireland along the line of the Armorican
folds, seemed to be best explained by supposing the latter to have

been superimposed on the former. Moreover, there was direct

evidence that the folding termed Caledonian by the Author had
made very considerable progress in pre-Carboniferous times. Thus in

Radnorshire, and farther north-east in Shropshire, important move-
ments, during the Llandovery Period, appeared to have already

impressed on the beds a south-westerly trend. Further movements
had probably taken place in later Silurian times, and again before

the deposition of the so-called Upper Old Red Sandstone and Carboni-

ferous Limestone. In the Berwyn Hills, indeed, according to recent

investigations by Mr. Philip Lake and the speaker, the folding in

pre-Carboniferous times had been so great that, at a time when the

Carboniferous Limestone was horizontal, the underlying beds already

dipped at 70° or more. Here, as also in the neighbourhood of

Llandilo, the creep had been from the north-west, as the Author had
maintained for the latter area; and in both cases inversion of the beds

occurred on the south-east. Doubtless later movements in the same
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direction had occurred along the "Welsh Border, as observations in

Shropshire seemed to indicate ; but it was probable that much of the

folding along this tract took place in Old-Red-Sandstone times, and
therefore at an earlier date than that of the Hercynian folding.

As to the faults showing a ' Charnian ' direction, the speaker

would like to ask whether, like the different systems of parallel

folds, they might not be of various ages.

Mr. A. E. Salter thought that this interesting paper had brought

out two most important points to students of post-Pliocene geology :

firstly, the action of long-continued earth-movements which have

affected the drainage-systems of Southern and Central England ; and,

secondly, that subaerial denudation has taken place on a large scale.

The presence at high elevations north of the present Thames Valley,

of debris from the Lower Greensand of the Wealden anticlinal

which can be traced from Hampstead, Barnet, etc., right across

Southern and Eastern Essex to Walton-on-the-jNTaze, pointed to an

accentuation of the east-and-west (Armorican) folding in com-
paratively recent times.

The Author did not seem to have taken the Oolitic escarpment

into serious account. As this was on a grander scale than that of

the Chalk, it appeared to deserve more consideration, especially as it

could be shown by its outliers to have had much influence on the

formation of the Severn-Avon Valley. He noted that the syncline of

the Thames Valley was stated to have been initiated in post-Oligocene

and p re-Pliocene times; and wished to enquire whether the presence

of Lower Pliocene fossils at Lenham (600 feet above Ordnance datum)
did not require a later age to be assigned to them.

Mr. Greenly observed that evidence as to the relative ages of

movements along Caledonian and Charnian lines was obtainable in

the Anglesey region within an area of quite moderate size. The
dominant strike of the Carboniferous and various older rocks was here

north-east to south-west, or Caledonian ; but the lines belonging to

this series were cut and shifted by a considerable number of fractures

having a north-westerly to south-easterly, or Charnian trend. The
dykes also of the series, regarded by the speaker as probably of

Tertiary age, ran in the same north-westerly to south-easterly

direction ; and, moreover, often coincided with lines of displacement.

Finally, in the Central area, dykes with this trend were broken
and shifted by still later north-easterly to south-westerly, or Cale-

donian, fractures. It was thus clear that Caledonian and Charnian
movements had occurred alternately one with the other, within the

limits of what is now the island of Anglesey.

Mr. P. Lake said that he was somewhat surprised to find that the

views of the Author were so similar in many respects to those which
he had himself advanced two years ago concerning the development
of the rivers of jSTorth Wales ; views which were at the time adversely

criticized by the Author. He was completely in agreement with the

Author in believing that the north-east to south-west valleys were
directly determined by earth-movements, and that the other river-

valleys were not so determined; and he looked upon the valley of the
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Bala Fault and the other parallel valleys in North Wales as belonging
to the same system as the valleys of the Neath, etc., described by the

Author. He did not infer that the Bala Fault, as a whole, was of

modern origin, but he believed that a certain amount of displace-

ment had taken place along the line of this fault in comparatively

recent times
;
and he could see no reason why the Author (who

attributed the north-east to south-west valleys of South Wales to a

modern system of earth-movements) should have denied the possi-

bility of displacement along the Bala Fault during the same period.

In support of the view .that such movements actually had taken
place in a comparatively recent geological period, he pointed to the

fact that, whatever might be the nature of the rock on the two
sides of this fault, the whole countr}r on the south side stood at a
much higher level than it did on the north. He also observed that

at least one recent earthquake had taken place along the line of the

Bala Fault, and that earth-rumblings were commonly heard at several

farms which stand upon the fault. All this was equally evidence in

favour of the Author's views.

In conclusion, he remarked that the only essential difference

between his own views and those of the Author, was that the latter

seemed to think that the north-easterly to south-westerly folds were
initiated at the same time as the rivers ; whereas he (the speaker)

believed that a general drainage-system was first established, and
that these folds were subsequently formed across the direction of

the main drainage-lines, and produced very extensive changes in

the original courses of the rivers.

Dr. H. R. Mill said that the watershed which coincided with, or

ran parallel to, the Oolite-escarpment, breached only by the Humber,
struck him as the most remarkable feature in the hydrography of

England. There was nothing in the existing configuration to

account for the position of this watershed ; and he asked whether

the series of events so interestingly outlined by the Author might

possibly afford an explanation.

Prof. Watts thought that the anticline mentioned by the Author

supplied a necessary modification of B,amsay"s views with regard to

the origin of the Severn and Thames. The recent age of the move-
ments postulated by the Author presented little difficulty to those

who had seen the great effects of recent movements and denudation

in the North of Ireland and the Inner Hebrides.

The President said that the meeting had had the advantage of

listening to the inferences respecting the river-drainage of South

Wales, drawn by a man whose actual work in the field for several years

past had made him thoroughly familiar with the detailed geology

of the district in question. It appeared to him that the Author's

conclusion, that the apparently complicated drainage-system could

be simply explained by the theory that it was initiated upon a

gently sloping Cretaceous rock-mantle which overspread and masked

the folded and faulted rock-formations of earlier date, and was itself

locally deformed by later crust-movements having a Caledonian trend,

was not only new, but most significant. In lecturing upon the
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various directions of crust-creep in the British Islands, as shown by

the long axes of the folds and the run of the faults, he had himself

taught for many years that they were four in number—namely,

(1) a northerly-and-southerly, longitudinal or Malvernian
; (2) an

easterly-and-westerly, latitudinal or Armorican
; (3) a north-easterly

and south-westerly, diagonal or Caledonian ; and (4) a north-

westerly and south-easterly, diagonal or Charnian. These names
-were especially useful when employed as indices of direction, without

regard to geological time. Thus the Caledonian deformation is dis-

tinguished by a north-westerly to south-easterly creep and a

north-easterly to south-westerly trend; the terms 'creep' and
* trend ' being related one to the other much as are dip and strike.

Polds with a Caledonian trend were as old as the Torridonian and

as new as the Tertiary. He saw no objection, therefore, to the

employment of the term 'Caledonian' for the post-Cretaceous system

of north-easterly to south-westerly folds of the Towy and the Tawe.

With regard to the Upper Severn, he had himself advocated the

opinion that it originally formed a part of the system of the Dee,

the gorge through the Wenlock Edge atlronbridge having probably

been cut in earlier Glacial times.

It appeared to him that the Author's suggestion that the basins

of the Thames-Kennet and the Severn-Avon owed their original

dividing to a low anticlinal form or 'swell' with a Caledonian

trend, was worthy of serious consideration, especially as minor

anticlines having this trend are already known along this line

;

and if the suggested synchronism of the two river-systems could

eventually be demonstrated, a most important advance would be

made in our knowledge of British geology.

The Author replied to Prof. Groom that the terms ' Caledonian,'
' Armorican,' etc. were used as indicative of direction only. Move-
ments having those directions had been renewed at many different

periods, but he was concerned only with the latest, which had con-

trolled the river-system. He had been unable to find any clear case

of a north-north-westerly fault crossing one of the late Caledonian

disturbances, except the great trough-faults described in the paper,

and these had been dragged out of their course in the disturbed

belt. The disturbances in Anglesey, referred to by Mr. Greenly as

being crossed by north-north-westerly faults, no doubt belonged

to an earlier display of movement in a Caledonian direction. The
Pliocene beds mentioned by Mr. Salter did not share in the synclinal

folding, and presumably were deposited after it took place. All the

faults and fractures referred to in the paper were wholly of pre-

Glacial age. He had had in mind a possible connection between
the latest movements and the occurrence of earthquakes, and
was much interested in the remarks made by Mr. Lake on
this subject. The Oolitic escarpment referred to by Dr. Mill,

though so conspicuous a feature now, was wholly buried under
Upper Cretaceous rocks when the river-system was initiated, and
only came into relief as a result of subsequent erosion.
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I. Introduction
-

.

The area dealt with in this paper is situated in County Kerry,

at the westernmost extremity of the Dingle promontory. The
exposures are met with over an area measuring about 4 miles from

north to south by 3 miles from east to west ; but, owing to the great

amount of peat and alluvium, the exposures inland are somewhat

scanty, and one depends mainly on the magnificent coast-section for

geological information.

The area is one of great interest to a geologist, from the splendid

development in it of acid volcanic rocks, associated with beds mainly

of Wenlock age. Except at Tortworth in Gloucestershire, and

probably in counties Mayo and Galway, it is in the Clogher-Head

district alone in the British Isles that contemporaneous volcanic

rocks of Silurian age are definitely known to occur. While, too, the

Tortworth volcanies are basic or intermediate in character and are

mainly, if not entirely, of Llandovery age, in the Clogher-Head area

the volcanic rocks are acid in character, and range throughout the

Wenlock and up into the lower part of the Ludlow Series.

Considering the number of interesting features shown, the area

has been comparatively little described by geologists of recent

years, but this is readily explicable owing to its remoteness and

inaccessibility.

The earliest reference to the geology of the district with which
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we are acquainted is contained in a paper by Thomas Weaver, 1

entitled ' On the Geological Relations of the South of Ireland.' In
this paper, which was read before the Geological Society of* London
on June 4th, 1830, the author mentions a number of fossils from

the Ferriter's-Cove beds, and refers to the existence of a strong

resemblance between many of the casts of fossils found there and
similar casts occurring at Tortworth in Gloucestershire.

In a paper published in 1838, C. W. Hamilton 2 compares some
features of the geology of the Dingle promontory with that of

North Wales, aud notes the occurrence of Silurian fossils in the

Ferriter's-Cove beds.

Sir Richard Griffith, writing in 1839,
:?

also refers to the occurrence

of Silurian fossils in the Dingle promontory, and notes the fact that

the Old Red Sandstone is there unconformable to the clay-slate beds

beneath it.

In 1857, J. B. Jukes & G. Y. du Noyer 4 brought a very im-

portant account of the district before the British Association,

an abstract of the paper being published in the report of the

Transactions of the Sections. , The authors note the presence of

contemporaneous traps as well as ashes among the Silurian beds.

They are the first to recognize the peculiar structure of the district,

which they describe as ' an inverted S-like contortion or anticlinal

and synclinal curve," and they lay stress on the strong unconformity

between the Dingle Series and the Old Red Sandstone.

In the same volume is an abstract of a paper by J. W. Salter,"

in which it is stated that the

' Silurian and Lower Devonian, taken in a rough sense, lie in a rude, faulted,

and broken synclinal, the lowest beds being respectively at Sybil's Head on the

north, and at the Bull's Head promontory east of Dingle on the south.'

Salter remarks also upon the persistent ' fucoid-beds ' at the base of

the Ludlow Series, and* on certain noteworthy points in the distri-

bution of the Wenlock and Ludlow fossils: for example, that Ohonetes

lata (Ch. striateUa, Dalm.), a characteristic Ludlow fossil in Britain,

is most abundant in the Lower Wenlock Beds of the Clogher-Head
district.

The only full account of the district is that by Jukes &
Du Noyer, contained in the Explanation of Sheets 160, 161, 171,

& 172 of the Geological Survey Map of Ireland. This account,

which was publhhed in 1863, proved of very great value to us.

The authors remark on the extreme difficulty in understanding

the structure of the district, and regard the classification of the

beds which they propose as merely provisional. Although in their

previous paper, to which reference has already been made, they

alluded to the occurrence of contemporaneous ' traps ' as well as

ashes among the Silurian beds, here mention is made of ashes only

:

1 Trans. Geol. Soc. ser. 2, vol. v (1840) p. 1.
2 Journ. Geol. Soc. Dublin, vol. i (1838) pp. 270-85.
3 Ibid. vol. ii (1843) p. 78.
4 Kep. Brit. Assoc. 1857 (Dublin) Trans, p. 70.
5 Ibid. Trans, p. 89.

Q. J. G. S. No. 230. e
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many rocks being referred to as 'pisolitic ash,' which have subse-

quently proved to be nodular rhyolites.

Prof. Hull's x paper, ' On the Geological Age of the Rocks forming

the Southern Highlands of Ireland, generally known as the Dingle

Beds & Glengariff Grits & Slates,' contains much which bears

reference to our area, though the scope of the paper is wider. It

contains also a valuable summary of previous communications
on the geology of the South-west of Ireland, which proved very

useful to us. Prof. Hull lays stress on the conformable passage

of the fossiliferous Silurian into the Glengariff Grits. He gives

a table correlating the Kerry Silurians with those of Mayo and
Galway, and refers to the occurrence in both areas of contem-

poraneous volcanic rocks.

Lastly, Sir Archibald Geikie, in his ' Ancient Volcanoes of Great

Britain,'
2
gives a summary of recent observations on the Clogher-

Head area, and draws attention to the fact that in the Geological

Survey Memoir certain rocks are described as tuffs which are now
known to be lavas.

II. Detailed Description of the Exposures.

(a) The Coast-Section from Dimquin to Owen.

This shows the following beds, from above downward:

—

Thickness in feet.

A (1) Green and brown sandy and slaty beds, ashy towards
the base, of Yellow Cove (top not seen) 480 (seen)

A (2) Green ash, with large dark fragments 8
A (3) Red sandstone and tine ash 330
A (4) Intrusive greenstone 150
A ( 5) Modular and banded rhyolite, with ash-bands 113
A (6) Ashes 350
A (7) Calcareous flags and slates 75
A (8) Coarse ashy conglomerate 56
A (9) Greenstone intrusive in A (8) 120
A(10) Pale purple ash 10
A (11) Purple rhyolite 25
A (12) Pale-red ash 16
A (13; Compact purple ash 40
A(14) Purple rhyolite 25
A (15) Ash, in places green, with large dark fragments ... 14
A (16) Calcareous flags, with coral-layers and bands of

conglomerate 85
A (17) Purple rhyolite 38
A (18) Ash ..... 18
A(19) Purple rhyolite 130
A (20) Coarse ash, with grit-bands 55
A (21; Calcareous flags and slates 60
A (22; Pale coarse ash and slates 16
A (23; Compact, light-green, banded ash 14
A (24; Coarse ash 8
A(25) Purple slate 20

1 Quart. Journ. Geol. Soc. vol. xxxv (1879) p. 699.
2 Vol. i (1897) pp. 254-56.

k2
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Thickness iu feet.

A (26) Purple and dark-green rhyolite 18
A (27) Calcareous nags, with coral-layers, ashy at the base. 90 (seen)

Fault,
A (28) Compact rhyolite 80
A (29) Calcareous flags and slates, with a few small bands

of ash 120
A (30) Brown sandy slates, with green ashy conglomerate

below 40
A (31) Calcareous flags, with coral-layers and bands of

fairly coarse, ashy conglomerate 65
A (32) Thinly-bedded sandy slates 10
A (33) Fine purple ash 12
A (34) Coarse purple ash 120
A (35) Finely-banded rhyolite perhaps 150

Excluding the greenstones, this gives a thickness of 2680 feet.

All along this strip of coast the amount of dip varies little from
30°, the direction being generally about 30" E. of S:, but varying

slightly.

A (1). The junction between the Silurian and the overlying Dingle

Beds is seen in the inlet of Cooshaun, immediately south of the

village of Dunquin. The Dingle Beds are chiefly purple, micaceous,

tine-grained grits, though some of them are green. Within some
feet of the junction-line they show evidences of squeezing; and
near the junction they are very much crushed, and become quite

soapy to the touch. The underlying Silurian shows also some
disturbance, and several small faults are seen in the cliffs of

Cooshaun and Yellow Cove. The junction between the two sets of

beds is therefore to be considered as a faulted one, despite the

fact that both the Silurian and the Dingle Beds dip at the same
angle to the south-east.

That these underlying yellow strata (A 1) are Silurian is proved

by their containing k fucoid '-beds
l
a few feet below the Dingles,

and crinoid-sterns and Spirifer towards their base, and by their

relation to the underlying beds. They are considerably disturbed and

quartz-veined as one goes westward from Yellow Cove, and their dip,

which was at first southerly, becomes more easterly ; towards their

base they become distinctly ashy, and Anally end in a bed of grey

sandy limestone 11 feet thick.

A (2). This limestone rests upon a bed of green ash (A 2), with

numerous thin flakes of a dark- green rock, which is to be seen on
both sides of the inlet, north of the point called Foilclea. There

has been a certain amount of movement along the line of this

green ash, which is seen to be crushed and squeezed in places.

A (3). These red sandstones, with thin ash-bands, occupy the

coast from Foilclea to Mill Cove, and have an approximate thickness

of about 330 feet. Both at the northern end near Mill Cove, and at

the southern end at Foilclea, the direction of dip is south 20° east

;

1 The term ' fucoid ' is used throughout the Geological Survey Memoir, in

referring to the impressions seen in these Upper Wenlock Beds ; they are more
probably, however, worm-tracks (see Mem. Geol. Surv. Irel. 1803, Explaii.

Sheets 160, etc. p. 22).



Yol. 58.] THE FOSSlLIFEROtTS SILURIAN UEDS OF KERRY. 231

w

z

£

u. <T

*' &

OS

but the amount varies, from 25° near

Mill Cove to 50° at the south-western

end of Foilclea.

A (4). The greenstone of Mill Cove
extends round the promontory to the

head of the next little inlet, and is

also seen for a short distance up the

watercourse running southward from

Carhoo. It is generally a compact,

pale, fine-grained rock, but so much
altered that it is almost impossible to

say what was the original character of

the rock. The general direction of

the band seems to coincide with that

of the adjacent rocks, and there is no

sign of metamorphism along its boun-

daries. Its north - western margin
shows a horny texture, perhaps due
to chilling.

A (5). Modular and banded rhyolite

with ash-bands occupies the coast

from the head of the first cove north

of Mill Cove, as far as the inlet of

Foilminnaun. It shows the following

bands. At the top:—
Thickness in feet.

Purple rhyolite 25
Ash-band 10 to 15

Very nodular rhyolite 00
Banded and nodular rhyolite... 18

The most conspicuous rock is the

60-foot band of nodular rhyolite, which
extends from the point terminated by
the Coorauns to the little 10-pole

island in Foilminnaun. It contains a

lenticular patch of ash, apparently

faulted-in. This rhyolite is a light-

grey or purplish rock, sometimes

banded, but generally nodular. The
nodules, which are especially well seen

in the south-eastern corner of Toil-

minnaun, are sometimes as much as

3 inches across. They are frequently

hollow, and lined with little quartz-

crystals.

A (6). This thick band of ashes

occupies the coast, from the middle

of Foilminnaun to the inlet south of

the Ions; tongue of land which runs out



Fig. 3.— Calcareous flags, overlying coarse ashy conglomerate (A8)_
south of Redcliff Cove, Clogher. See p. 233.

Fig. 4.— Weathered surface of ash of medium grain (A 13) ;

Redcliff Cove, Clogher.
'

See p. 233.
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to sea south of Redcliff Cove. It is made np of the following

bands : at the top :

—

Thickness in feet.

(<?) Purple ash, with included fragments of purple and green

rhyolite about 2 inches in maximum diameter 30

(6) Pale ash 20
(c) Compact purple ash, with bands of rhyolite 100
(d) Pale coarse ash, with rounded lumps of purple rhyolite

some 1^- inches in diameter 40
(e) Compact purple ash 80

(/) Pale-yellow sandy ash , 80

350

Between (b) and (c), at the head of Foilminnaun, is a strike-

fault, the direction of which is marked by a layer of slickensided

quartz about 12 inches thick. This fault determines the western

limit of the inlet.

A (7). This band of calcareous flags and slates occupies the

northern side of the first cove south of Redcliff Cove. The beds dip

34° south 30° east at the base of. the point, and 25° south 20°

east farther along it. From them we obtained :

—

Atrypa reticularis (Linn.).

Chonetes striatella, Dalm.
Spirifer sp.

Pterinea (?) subfalcata, Conr.
Criuoid-steins.

A (8). This is an extremely coarse ashy conglomerate, the frag-

ments of which range from less than an inch to more than 2 feet in

length. They consist of rhyolite, or of rhyolitic ash. This bed can

be followed inland to the north-north-east, and is met with in the

neighbourhood of the Stone Cross marked in the 6-inch Ordnance-
Survey map. •

A (9). This greenstone occupies the south-eastern side of Redcliff

Cove, and, judging from loose fragments found abundantly inland, it

occurs also in the neighbourhood of the Stone Cross. Usually it

follows the bedding, but is seen here and there to cut across it.

Most of the greenstone is extremely weathered.

A (11) is a prominent band of compact purple rhyolite, forming a

tongue that juts out into Redcliff Cove, and it is to this rock that

the cove no doubt owes its name. Xenoliths of rhyolite are included

in the rock, especially near the upper surface, and cause some
hand-specimens to have the appearance of ashes.

A (13), which extends northward from the point west of Redcliff

Cove, is a medium-grained ash, full o( small angular fragments of

rhyolite ; these range up to a third of an inch in length, and show
up well on the weathered surface. (See fig. 4, p. 232.) The coast

runs with the strike of this band for a long distance.

A (16). These are thinly-bedded calcareous flags, containing coral-

layers, and becoming at times somewhat conglomeratic. They
occupy the point south-west of the Stone Cross, and can be followed

in a north-north-easterly direction along the top of the cliff, as far

as west of the Penitential Station. They have yielded the following-

fossils :

—
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Favosites polymorpha, Lonsd. Bhynchonella cuneata, Dalm.
Strophonella funicidata , M'Coy. Bh. borealis, var., Schloth.

Spirifer bijugosus, M'Coy. Pterinea retrofexa, Wahl.
Sp. crispus, His. Pt. orbicularis {?) M'Coy.
Sp. elevatus, Dalm. Modiolopsis mytilimeris, Conr.
Orthis elegantula, Dalm. Horiostoma discors, Sow.
Bhynchonella nucula, Sow. H. globosum, Schloth.

The foregoing assemblage of fossils is consistent with the beds

being either of Ludlow or of Wenlock age.

A (17). This band of purple rhyolite is seen below the sedi-

mentaries, near the end of the point south-west of the Stone Cross.

It occupies the coast, which follows its strike, as far as a point west
of the Penitential Station.

A (19) is a purple-banded rhyolite, with very well-marked flow-

structure. It occupies the coast around the unnamed inlet due west

of Carhoo.

A (20). These ashes dip at 20° south 35° east, and contain frag-

ments of banded and compact rhyolite and of slate.

A (21) occupies the coast around the little bay opposite Carrignea.

It is a fossiliferous band of sandy limestone, weathering yellow.

A (22) is a thin band of pale coarse ash, containing fragments of

rhyolite and slate, which sometimes are 6 inches in length.

A (23) is a well-marked, fine-grained, pale-green ash. It is some-

times remarkably well-banded, and elsewhere shows dark-green oval

markings about a quarter of an inch long. Both these structures,

though visible on the freshly-broken surface, are better seen on

the weathered surface. Some thin ash-bands of a coarser character

are intercalated with the fine ash.

A (27). These calcareous flags, with coral-limestones and earthy

slates, occupy both sides of the little inlet south-east of Carrigcam,

and show the following bands : at the top :

—

Blue calcareous flags, weathering brown
Coral-band

Blue calcareous flags, weathering brown
Coral-band

Blue calcareous flags, weathering brown
Coral-band

Calcareous flags, with many thin coral-bands

and a few conglomeratic layers ...

Coral-band
Brown earthy slates

Coral-band
Brown earthy slates 14

The lower layers of these beds have yielded

:

Monticidipora. Spirifer crispus, His
Halysites catenularia (Linn.).

Favosites polymorpha, Lonsd.
(Jornuliles serpidarius, Schloth.

Lcptcena quadrata, Lindstr.

L. rhomboidalis, Wilck.
Bhynchonella borealis, var. diodonta

Feet inches

5
1

2
9

6
9

36
9

7
1 6

14

74 9

Sp. bijugosus, M'Coy.
Orthis elegantula, Dalm.
Stropheodonta imbrex, Pander,

var. semiglobosa, Dav.
Pterinea subfedcata, Conr.
Horiostoma globosum, Schloth.

Dalm. Calymene Blumenbachii, Brongn.
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A (28). Opposite the little island of Carrigcam the series is cut off

by a fault running in a general east-north-easterly and west-south-

westerly direction. In its neighbourhood the beds are much dis-

turbed, but beyond it the same general strike is maintained. At
the top of the cliff, to the west of this fault, a band of bluish rhyolite

(A 28) is well exposed. This band, with some overlying ashes and
sandy beds, is also well exposed in the ravine which, crossing the

high road, strikes the coast a little north of Carrigcam.

A (30). The sections of the ashy conglomerate show it to contain

well-marked rounded lapilli—not only of rhyolitic, but also of

andesitic rocks.

A (31). These beds are identical in general character with (A 27).

They occupy most of the bay between Owen and Carrigcam, and
have yielded :

—

Alveolites Labechii, M.-Edw. Fenestella sp.

Spirifer bijugosus, M'Coy. Tterinca sp.

Sp. elevatus, Dalrn. Horiostoma globosum, Schloth.

Stropheodontcc imbrex. Pander,
var. semiglobosa, Dav.

Mr. P. Ii. C. Eeed says, with regard to the bands (A 31) and
(A 27), that there is nothing in the fossils to prevent the ascription

of a vVenlock age to the beds.

The little 10-po]e island, east of the peninsula south of Owen,
has its eastern half formed of the fine ashes (A 33), and its western

naif of the coarse ash (A 34).

A (35) is an extensive exposure of fine-grained blue rhyolite,

forming the whole of the peninsula south of Owen. Its base is not

seen ; it is impossible, therefore, to estimate the thickness of the

rhyolite, which is very considerable, probably not less than 150 feet.

(b) The Coast-Section from Coosmore to Owen.

This part of the coast-section includes the promontory of Clogher

Head, and (we believe) forms the middle limb of a great S-shaped
fold which has been overfolded to the north and thrust over the

northern limb. (See fig. 1, p. 228.) The newest, but, owing to the

inversion, the lowest beds are seen in the deep inlet of Coosmore to

be thrust over a series of coarse red conglomerates which occupy
the coast for some distance to the east and west of the inlet. The
red conglomerates are regarded by the officers of the Geological

Survey as of Dingle (that is, Lower Devonian) age. But it seems

to us more probable that they are of Old-Iled-Sandstone (that is,

Upper Devonian) age, both from their resemblance in lithological

character to the Old-Red-Sandstone conglomerate of Sybil Point,

and from the fact that they rest unconformably upon the Silurian
;

while the Dingle Beds, except where their junction with the Silurian

is faulted, appear to be conformable.

The beds can best be followed from north to south, the following-

being the succession : at the base, as the beds now lie :

—
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Thickness in feet

B(l) Green sandy grit, ashy
towards the original

base ; original top
not seen ?

B.(2) Grreen ash, with large

dark fragments 6
B(3) Red sandstone, with

fine ash-bands 350
B(4) Intrusive greenstone . 46
B(5) Fairly coarse ash 75
B(6) Ehyolite of Clogher

Head 175
B(7) Ash, with rhyolitic

bands 320
B(8) Calcareous flags 230
B(9) Green ash, with large

dark fragments ... 40
B(10) Calcareous flags 60
B(ll) Coarse ash 25
B(12) Calcareous flags 10
B (13) Rhyolite, with some

ash-bands 250
B(14) Ash , 15

B(15) Calcareous flags |- Kft
p!

rl?*Ps
to [50 feet seen

Excluding the intrusives, this gives

a thickness of at least 1556 feet.

B(l). In Coosmore these new-
est, but (as they now lie) lowest-

beds are seen to be gritty slates

containing Orthis eleyantula,

Dalm., Atrypa reticularis (Linn.),

and abundant worm-tracks—the

'fucoids' of the Geological Survey
Memoir. These worm-tracks are

very abundant in the Upper Wen-
locks of the district. The beds

are highly disturbed, traversed by
several faults, and overfolded in

the neighbourhood of the thrust.

Fig. 6 (p. 237) shows a section

along the eastern side of Coos-

more; while the further succession

is seen in the gully which leads

down into the head of Coosmore,

and also farther along the northern

coast of the Clogher-Head pro-

montory. There the beds, which
are seen to be thrust over the

coarse conglomerate, are red and
green grits, much contorted in the
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neighbourhood of the thrust and traversed by a rude cleavage (see

fig. 7, below).

Fig. 6.

—

Section along the eastern side of the inlet of Coosmore.

S(B.D F S(B.1)_

O.R.S. F F

[Horizontal scale : 1 inch =50 feet ; vertical scale exaggerated.]

O.TC.S.= Old Red Conglomerate.

D = Fault-debris.

S (B 1)= Silurian gritty slates.

F = Faults.

Fig. 7.

—

Section throvgh the northern slope of Clogher Head.

B (1) B (1)

[Horizontal scale: 3 inches= 100 yards.]

B(2) B(3)

T= Thrust.

F= Fault.

O =01d Red Conglomerate.
B (l)=Fossiliferous hard green

grits.

B (2)= Green ash.

B (3)=Ashy red sandstone.

We obtained the following fossils from these beds :

—

IAndstraemia sp.

HeV.olites sp.

Worm-tracks.
Orthis elegantula, Dalm.
Spirifer bijugosus, M'Coy.
Plectambonites transversals, Wahl.
Lept<zna rhomboidalis, Wilck.
Atrypo reticularis (Linn.),

Atrypa hemisph&rica, Sow.
Orbiculoidea rugata, Sow.
Whitfieldella sp.

Encrinwus Sto/cesi, M'Coy.
Lie-has anglicus, Beyrich.

Phacops caudqtus, Briinn.

Proetus sp.

Crinoidal ossicles.

The foregoing list of fossils leads us to regard these beds as of Upper
Wenlock age, and to correlate them with the Drom-Point Beds.
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B(2). This is a very well-marked rock, and shows numerous
dark-green fragments embedded in a pale-green matrix. For a
description of it, see p. 262. It is seen in Coosmore, and also

towards the end of the Head.
B (3) is a well-marked bed of a red colour, often ashy in character,

but at times

JFig. 8.— Weathered surface of coarse ash (B 5) ;

north side of Cloqher Head.

sandy,more
exactly resem-

bling A (2).
This and the

underlying bed

are seen to be

affected by a

fault, which
runs down the

gully leading

to Coosmore,

and has no

doubt deter-

mined the form-

ation of this

inlet. The
downthrow is

about 20 feet

on the west side

of the fault-

line. These

red beds are

well seen, form-

ing the north-

ern part of the

extreme point of

Clogher Head,
but they have

yielded no
fossils.

B (5) is a

tuff, showing fragments of purple and green rhyolite, one of which
was found to reach a length of \h feet, although as a rule they are

very much smaller. (See fig. 8.) North of the Minnaunmore Rock,

fragments of granite occur in the tuff.

B(6) is a very characteristic, purine, banded rhyolite. The
banding is less marked in the immediate neighbourhood of Clogher

Head than it is farther east, and is best seen on a weathered

surface. The rock does not weather readily, and so stands up,

forming the backbone of the Clogher-Head promontory. Near the

Dunquin and Ballyferriter road a north-and-south fault cuts across

the base of the promontory, and the outcrop of the various bands
is shifted about 120 vards to the south. The rhvolite-band also
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forms the Miimaunmore Rock, and is here slightly nodular in

parts.

The coarser ash (B 5) is very well exposed north of the Minnaim -

more llock, and many blocks of the red sandstone and fine ash (B 3)

are strewn about over the tract of country farther north again,

though the rock is not seen there in situ. South-east of the

Minnaunmore llock is a mass of the same banded rhyolite, dipping,

however, east-south-eastward, which has been probably faulted into

its present position.

Fig. i).— Cro:i</hmarhin Hill (to the left), formed of Ludlow flays
and grits; the Minriaunmore Rock (to the right), formed of
rhyolite.

The mutual relations of the bands (B6), (B5), and (B4) are very

well seen in the little inlet opposite the rock called Carrignahogha,

at Clogher Head. Here the rhyolite (Bt>) is seen overlying ihe

coarse ash (B 5), which in its turn overlies the greenstone (B4).
The peninsula to the south of the little inlet is chieny composed of

the rhyolite.

B(7). Ashes with rhyolite-bands form the southern border of

the little peninsula just referred to, and occupy the coast as tar as

the head of the bay north of Carrigard. Judging from observations

in the field, (B 7) would appear throughout to be clearly an ash.

Sections, however, show that part of the matrix is crystalline, and
it is probable that a considerable part of the apparent ash is a

rhyolite containing many xenoliths.

E(8). This band of sandy limestone, ashy in parts, forms the rock

of Carrigard and the shores of the little bav at the mouth of which
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it lies. The dip of these beds is somewhat variable and is, as a

rule, a little west of south. They have yielded :

—

Chonetes striatella, Dalni. I Spirifer elevatus, Dalni.

Ehi/nchonella nucida, Sow. Pterinea sp.

Spirifer crispus, His. Crinoidal ossicles.

B (9). This band of green ash occupies the little inlet immediately

east of Carrigard.

B ( 13) is a thick band of rhyolite, which forms almost the whole
of the rocky peninsula north-west of Owen. The rock is generally

of the compact pale-green type, but shows a considerable amount
of variability, and is sometimes banded. Often it contains numerous
xenoliths, causing it to resemble a tuff; and there are some un-

doubted tuff-bands present in it.

In the southern part of the exposure the rocks begin to show
signs of crushing and disturbance. These are still more marked in

B(14), and increase till the fault at the little inlet of Owen is

reached.

(c) The Coast-Section from Coos more to Coosglass.

For the greater part of this long coast-section the succession

is easy to make out, as the beds, though sometimes faulted, are not

much disturbed. From Trabanecloghcr to Ferriter's Cove, the

coast runs in the main with their strike. The following is the

succession: at the top :
—

Thickness in feet.

(1 ) Grit
t
y flags and slates about 550 seen

|
Here follows a gap without exposures, equivalent

to a thickness of about 2<>0 feet.]

C(2) Green and yellow sandstones and slates, with ashy

bauds in the lower part about 420 seen

C ( 3) Green ash, with large dark fragments 8
f<4) Ked sandstone with ash-bauds 340

(5) Intrusive greenstone 30
C (I)) Fairly coarse ash 7

C(7) Rhyolite, with two ash-bands 248
C (8) Ashes, weathering pale-grey or white 25
C (9) Calcareous sandstone and flags, with thin ash-bands. 1390
C (10) Coarse conglomerate, with a fine grit-band 30
C(ll) Sandy and ashy beds and conglomerate 70

23C (12) Rhyolite.

C(13) Ash 31

C(14) Sandy limestone, weathering yellow 40
C ( 15) Red sandstone, with ashy and shaly lajers 180
C ( 16) Brown and yellow sandstone, much crushed and veined 40 ?

C (17) Green rhyolite and ash 6
Fault.

C(18) Labradorite-porphyrite 115
Fault.

C(19) Pink and green slates 210
C(20) Conglomerate 6

Excluding the intrusives, this gives a thickness of 3624 feet seen.
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C(l). The junction between the Silurian beds and the Old lied

Sandstone which, as already mentioned, extends along the northern

coast of the Clogher-Head promontory, is well shown on the southern

side of the point midway between Coosmore and Trabaneclogher (see

fig. 10). The conglomerate is seen resting on the Silurian with an

Fig. 10.

—

Section through part of the coast, north-east of Coosmore.

L

F F

[Horizontal scale

F Faults

O.RS.= Old Eed Conglomerate.

D
1 inch = 50 feet.]

D — Fault-debris.

L = Ludlow Grits (C 1).

unfaulted unconformity; but both beds are markedly affected by
a large compound fault, and repeated. The Silurian beds have
become stained red where in contact with the conglomerate, but

they are elsewhere green flaggy grits, weathering yellowish-brown.

They occupy the whole of the southern side of the inlet of Trabane-

clogher and part of its eastern side ; while they are also to be seen

all the way up the stream which comes down from the village of

Clogher, as far as the village itself. Their dip near the con-

glomerate is 45° south 25° east, while in the Clogher-village stream

it is 41° south 21° east. They have yielded Monticulipora sp. (?),

Halysites sp. (?), and Atrypa reticularis (Linn.), and are often

crowded with worm-tracks, while coral-layers are seen at intervals.

We regard these beds as belonging to the lower part of* the Ludlow
Series.

C(2). On the east side of Trabaneclogher a sandstone is seen

underlying the beds just described, except for a short distance near

the spot where the road from Teeravane comes down to the

beach. This sandstone, the colour of which varies from green to

yellowish-brown, dips at about 45° south 20° east, and forms the

whole of Drom Point. It is occasionally ashy, particularly towards

the base, fragments of purple and green rhyolite being abundant
in these ashy beds. Worm -tracks are very common (see fig. 11,

p. 242), and we have also found :

—

Favositella sp. Atrypa reticularis (Linn.).

Pterinea sp.

Pieces of crinoid-sterus.

Favosites Forbesi (M.-Edw.).

Streptelasma sp.

C(3) is identical with the band B (2) on Clogher Head. (See

p. 286.)

C (4) is a thick mass of fine red sandstone, with abundant bands
of both coarse and fine ash. (See fig. 12, p. 242.) Rhyolitic

fragments are not conspicuous, except in the lower beds.



Fig. 11.— Worm-tracks (
lfucoids') on the weathered surface of the

Upper Wenlock Sandstone (G 2) ; Bronx Point, Clogher.

Fig. 12.

—

lied sandstone and ash (0 4) > north of Brom Point,

Clogher. See p. 241.
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C (5). This well-marked greenstone-band is seen in the deep inlet

at the south-western base of the promontory of Foilwee. It strikes

across that promontory, and is seen again in the inlet of Coosaneal.

Here it cer-

Fig. 13.— Weathered surface of nodidar rhijolite tainly seems
(C 7) ; Foilwee, Glogher. See below. to be intrusive,

and perhaps

the band which
strikes across

the base of

the promon-
tory may be

a sill, as sug-

gested by the

officers of the

Geol ogical
Survey.

C (7) is a

well - marked
rhyolite with

ash - bands,

forming the

main part of

the Foilwee or

Poulnakeragh
promontory.
The rhyolite

is sometimes
compact and
purple, some-
times banded,

and sometimes
nodular ; in

all these re-

spects it re-

sembles the

rhyolite of Clogher Head, with which we correlate it. It includes

the following bands ; at the top :

—

Thickness in feet.

(a) Purple ash and banded rbyolite 120
(b) Pale ash * 18

•(c) Rhyolite, sometimes nodular ... 35
id) Pale ash 50
(e) Purple ash 25

Beyond the ash (C7«) is a small gap occupied by the sea, and
then follows a series of flags or sandy slates (C 0), forming the rock

of Doonycoovaun.
In the inlet of Coosaneal a fault shifts the outcrop about 100 yards

to the south-east, bringing the rhyolite (C7c) against the greenstone

(Co).

Q. J. G. S. No. 230. s
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C (8).—The rhyolite (C 7) is here seen to be overlain by the ash-

band (C8), which can be traced across the base of Poulnakeragh
(where it is slightly shifted by a fault) to the head of the next little

inlet, which it occupies. Then it passes inland, and is exposed near

the south-eastern corner of Ferriter's Cove, at the point where the

road from Ballincolla goes down on to the beach.

C(9).—This thick series of brown, grey, and purple calcareous

sandstones and flags with thin ash-bands, which as one proceeds

northward is first met with at the rock of Doonycoovaun, occupies

the whole coast from Coosaneal to the base of Doon Point, the deep

inlet of Ferriter's Cove being excavated in it. AVe estimate the

thickness to be as much as 1390 feet. The highest of the ash-

bauds is seen forming the western boundary of the little promontory
north-west of the inlet of Foilteela. On the southern coast of

Ferriter's Cove this band is apparently represented by a small

mass of rather coarsely nodular rhyolite. A second band is met
with, striking across the peninsula some 50 yards to the north-

west ; while a third forms the end of the peninsula opposite the

islands of Carrignaman and Carrignanoon. These last two bands

are seen on the east side of Ferriter's Cove, at the point known as

Cloghadoo. A fourth band occurs on the north side of the Cove, due
south of Poulgubadda ; and a fifth at Coonakeel. Below this the

beds become somewhat conglomeratic.

Fossils proved to be very plentiful in these beds. At Poulnakeragh,

at the base of Clogh Point, we obtained the following :

—

Chonetes striatella, Dalm. Alrypa reticularis (Linn.).

Orthis elegantula, Dalm. Bhynclwnella nucula, Sow.
Spirit) r crispus. His. Pterinea pleuroptera, var., Conr.

Sp. etcvar us. Dalm. Pt. squamosa, M'Coy.
Sp. bijugosu.s, M'Coy. Horiostoma globoswn, Schloth.

On the same line of strike, a little farther north-east, we obtained

Rhynchonella borealis var. diodonta, Dalm.
If it were essential to draw a boundary-line between

the Wenlock and Llandovery Series, we should be dis-

posed to do so at some point between the fossiliferous
horizon just described and the next, although, owing
to the conflicting nature of the fossil evidence,
any such boundary - line must be, to a great extent,
arbitrary.

In the band of calcareous sandstone between the second and third

ash-bands, at the extreme south-western point of Ferriter's Cove,

is a very fossiliferous horizon, yielding :

—

Lindstroemia bina, Lonsd. i Spirifer bijugosus, M'Coy.
Cyathophyllum sp. Sp. crispus, His.

Favositcs sp. Pentamerus oblongus, Sow.
Labechia conferta, Lonsd. P. sp.

Alveolites Labechii, M.-Edw. Atrypa reticularis (Linn.).

Halysites catenularia (Linn.). Leptcena rhomboidalis, Wilck.
Ccenites interstinctus, Eichw. Stricklandinia lens, Sow.
Hcliolites sp. Stropheodonta imbrex, Pander,
Streptelasma sp. var. scmiglobosa , Day.
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Horiostoma globosum, Schlotb.

H. discors ('/) Sow.
Encrinurus Stokesi, M'Coy.
Lichas anglicits, Beyrich.

Lichas sp.

Proetus sp.

Phacops sp.

Crinoidal ossicles.

At the same horizon, on the north side of the Cove, we obtained

Syringopora bifurcata, Lonsd., and Encrinurus sp. The occurrence

of Stricklandinia lens and Pentamerus oblongus is strongly suggestive

of a Llandovery age for these beds ; but the general facies of the

fauna is of Wenlock type.

A third fossiliferous horizon occurs near the base of the series at

Coonakeel, yielding :

—

Spirifer bijugosus, M'Coy.
Orthis elegantula, Dalm.
0. hybrida, Sow.
0. basalts (?) Dalm.
Atrypa reticularis (Linn.).

Stricklandinia lirata, Sow.
Stropheodonta Jilosa, Sow.

Horiostoma discors, Sow.
Encrinurus Stokesi, M'Coy.
E. punctatus (?) Briinn.

Phacops DowningixB, Murch.
Crotalocrinus sp.

Crinoidal ossicles.

The beds of the third horizon appear at intervals along the southern

coast of Doon Point, and near the extreme end have yielded :

—

Cyathophyllum sp.

Lindstroemia subduplicata, M'Coy.
Orthis calligramma, rar. Davidsoni,

de Yern.
Orthis sp.

Horiostoma discors, Sow.

Horiostoma globosum, Schloth.

Proetus sp.

Lichas sp.

Encrinurus Stokesi, M'Coy.
Crinoidal ossicles.

C(10). This well-marked band of coarse conglomerate is first met
with in the inlet known as Coonakeel, from which spot it can be

Fig. 14.

—

Section through Ferriter's Castle Cove. (For explanation

of C9, etc. see 2^- %40, 2U, etc.)

N. S.

C(13) C(12) ^--

—

C(U)

[Horizontal scale : 1 inch=60 feet.]

C(10)
C(9)

followed almost continuously to the end of Doon Point. The
existence of the point is, in fact, largely due to it. It contains

pebbles of quartz, jasper, rhyolite, ash, diabase, purple sandstone,

dark limestone, and fine conglomerate. Some of the pieces are

as much as 12 inches long.

Good sections through the beds from (C 10) to (C 14) are seen in

the little cove opposite Carriganeena, and in that south of the ruins

s 2



246 ME. GARDINER AND PROF. REYNOLDS ON [May I902,

of Ferriter's Castle. A comparison of the two sections gives the

following succession :

—

Ferriter's Castle Cove.

Feet inches.

fCoarse conglomerate
C(10)<! Fine red grit

l^Coarse conglomerate
fFine red sandy beds.,
1

Ashes

C (11)

C (12)

C (13)

C (14)

20
3

7
2

18

Red sandy slates 20

Conglomerate of medium
grain 3

Red sandv slates 3
Purple rhyolite 23
Ash 31

Yellow sandy beds 40

Carriganeena.

Coarse conglomerate 1!

Green grit

Fine green ash 14
Purple, fairly coarse ash
Fine green ash 15

Red sandy slate, with coarse

layers

Conglomerate of medium
grain

Green ash of medium grain .

Purple rhyolite

Green ash of medium grain.

Green sandy grit, weather-

ing yellow

Feet iucl

13
8

14
6

15

24

6

5

18
38

32

In the above synopsis the term coarse implies fragments at least 4 inches

long; the term medi um -gr a ined, fragments up to half an inch long; and
fine, fragments less than half an inch in length.

C (15). This series of red sandstones, with conglomeratic ashy

and shaly layers, forms the greater part of Doon Point, and extends

into the cove of Foilnamahagh to the north. Its lower layers show
signs of disturbance, while the sandstones with shales and ashes

(C 16), upon which it rests, show much crushing and veining.

Below comes a green rock (C 17), i^robably including both rhyolite

and ash. It is very ainygdaloidal in places, and much decomposed

:

it is faulted against

C (IS), a coarse labradorite-porphyrite, which occupies part of

Fig. 15.

—

Section across the inlets of Coosglass and Foilnamahagh,
(For explanation of C 15, etc. see p. 240,

)

N. S.

Smerwick
Beds.

i—i—

r

C (20) C (19) F C(18) C(17) C(16) C (15)

[Horizontal scale : 12 inches— 1 mile. F=Faults.]

the head of Foilnamahagh, and extends across the little point to the

next cove on the north. This rock is unlike any other met with in

the Clogher-Head district, and in hand-specimens resembles the

coarsely porphyritic rock which occurs associated with the Bala Beds
of Kildare, Lambay Island, and Portraine. As a whole, the rock is

coarse-grained and amygdaloidal in Foilnamahagh, while in the cove
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to the north it is much finer-grained and more compact. The
northern, as well as the southern, boundary of the porphyrite is

faulted.

C(19). North of the fault just mentioned, the coast is occupied

by a series of dull pink and green slates and fissile sandstones, which
form the next point and the head of the inlet of Coosglass. They
dip generally at 50° to 60° south 45° east, and have yielded

Lindstrcemia subduplicata (?) M'Coy. I Encrinurus sp.

Rkynckospira Baylei, Dav. Fhacops (?) caudatus, Briinn.

C (20). At the head of Coosglass the beds just described rest on

a coarse conglomerate, which we follow the officers of the Geological

Survey in regarding as the boundary between the undoubted Silurian

and the Smerwick Beds. The pebbles of this conglomerate, which
sometimes reach a length of 18 to 20 inches, consist chiefly of a

fine-grained, micaceous, fissile sandstone, but there are also pebbles

of jasper, quartz-porphyry, and rhyolite of two varieties.

These beds rest with perfect conformity on the Smerwick Beds.

(d) The Western Side of Smerwick Harbour.

The Silurians of the Ferriter's Cove neighbourhood strike across

the base of the Smerwick peninsula, and occupy some 600 yards of

the coast on the west side of Smerwick Harbour. A broad tract of

blown sand and peat intervenes between the outcrop of the Silurian

at Gortnagan Point and the nearest exposure of Dingle Beds, which
lies on the south coast of Smerwick Harbour, north-north-east of

Ballyferriter. The Silurians are on the strike of those at Ferriter's

Cove, and are clearly a reduced development of the series so well

exposed there, but the correlation of the two sets of exposures

is by no means easy.

Their succession is : at the top :

—

Thickness irffeet.

D (1) Yellow calcareous flags and slates, with many fucoids. 320 (seen)

Fault.
D (2) Calcareous flags and slates, with a band of hard green

grit 320
Fault.

D (3) Ashes pale at the top, red below ; fine red sandy layers

at intervals 50
D (4 ) Yellow calcareous flags and slates 290
D (5) Green sandy ashes 12
D (6) Red sandy and fossiliferous ashy beds, very coarse in

part 8
D (7) Nodular rhyolite 50
D(8) Red sandy ashes 40
J) (9) Yellow calcareous flags and slates 35
D ( 1 0) Red sandy and ashy beds 50
D (11) Yellow calcareous flags and slates of Fort Dunore1

... 60
D (12 1 Green sandy ashes 20
D (13) Red ashes 18

Fault-debris,
D (14) Coarse conglomerate 24

Also called Fort Dolore.
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D (1). The yellow calcareous flags and slates of Gortnagan Point

dip near the southern end of the exposure at 70° south 35° east.

' Fucoicls ' or worm-tracks are very plentiful throughout, and the

beds have also yielded Rhynchonella Wilsoni, Sow., and Atrypa
reticularis (Linn.). South of Illaunaportan they are cut off by a

fault, which runs nearly due east and west.

D (2). North of the fault the beds, though presenting the same
lithological characters, are far more fossiliferous, and have yielded:

—

Lindstroemia bina, Lonsd.

Favosites.

Orthis biloba, Linn.

0. hyhrida, Sow.

0. elegantula, Dalm.
Spiri'fer crispus, His.

Sp. elevatus, Dalm.
PJiyuehonella Wilsoni, Sow.

Atrypa reticularis, (Linn.).

Anodontopsis perovalis, Salt.

Pleurotomaria Lloydii () Sow.
PL sp.

Murchisonia sp.

Loxoncma sinuosum, Sow.
Horiostoma glohosum, Schloth.

Holopella sp.

This assemblage of fossils is noticeable for the abundance of

gasteropods, and is suggestive of a Wenlock age for the beds.

At Coosbeg a compact felspathic grit occurs, and below that

more flags with worm-tracks. Nowhere else in the district are beds

with Wenlock fossils under- as well as overlain by beds with

abundant worm-tracks.

Towards the base the flags become slightly ashy, and in the inlet

of Coosavaud are faulted against a series of red ashes and sandy

beds (D 3) which occupy the peninsula of Illaunfraoid. This fault

is marked by much quartz-veining.

The bed (D 3), which contains rhyolitic fragments up to an inch

in length, is followed by a series of calcareous flags and slates (D4),

containing coral-layers composed of Favosites sp. (?). This type of

rock is characteristic of the Wenlock Beds of the district, and gives

us good reason to suppose that we are still dealing with strata of

Wenlock age. These yellow beds extend to the peninsula of

Foilavaddia, dipping at first 55 south 60° east, but at Foilavaddia

70 south 25° east (see fig. 16, p. 249).

They are underlain by ashes of variable character (D 5 & 6)

dipping at 67 c south 35° east, and containing many red and green

slaty rhyolitic fragments and scoriaceous lapiili.

D (6) has yielded the following fossils:

—

Favositella sp.

Monticulipora sp.

Fistidipora sp.

Pterinea retroflexa, Wahl.

Pleurotomaria sp.

Horiostoma sp.

Orthoceras sp.

D (7) is a pale, often nodular rhyolite, forming the Point of

Foilavaddia. Close to the end of the Point it appears to cut

abruptly across the bed (D 5), but this may be merely due to the ash

having been deposited on an uneven surface of rhyolite.

The calcareous flags and ashy beds (D 8-11), which succeed, did

not prove fossiliferous. Fort Dunore stands on the calcareous flags

and slates (D 11). The conglomerate (D 14), which is separated by

a well-marked fault with crushed material and much quartz-veining
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from the overlying beds, contains well-rounded blocks, chiefly of

sandstone resembling the Smerwick Beds immediately beneath, but-

granitic and rhyolitic pebbles also occur. Mainly below it, but at

one point penetrating this conglomerate, is a quartz-porphyry of

Fig. 1G.

—

Section across Foilavaddia. (For explanation of D 4, etc.

seep. 248.)

D (8) D (7)

[Horizontal scale: 1 inch= 10 yards.]

D (6) D (5) D (4)

Fig. 17.

—

Section across the inlet of Coosgorrib.

D(13) D D(U) Q Q Sin

[Horizontal scale : 1 inch= 10 yards.]

D(13) = Red ashes.

D (14) = Conglomerate.
D = Fault-debris, with many

quartz-veins.

Q — Intrusive quartz-l'elsite.

Sm = Smerwick Beds.

somewhat peculiar character, described on p. 263. This rock is

probably intrusive along the junction of the conglomerate and the

Smerwick Beds which come immediately below (see fig. 17, above).

From the foregoing account of the rocks seen on both sides of the

Sybil peninsula, it is clear that a well-marked conglomerate occurs

between the fossiliferous Silurian and the Smerwick Beds ; but,

while on the west side of the promontory the junction between the

conglomerate and the overlying beds is conformable, on the east

side it is a faulted one. This renders the correlation of the two
sets of exposures more difficult than would otherwise be the case.
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(e) Inland Exposures of Rhyolites and Ashes.

With the exception of those in the neighbourhood of the Min-
naunmore Rock, which are conveniently described when dealing with
the rocks of Clogher Head, the most important inland exposures of

igneous rocks are those in the neighbourhood of Carhoo village,

which lies about two-thirds of a mile north of the village of Dunquin.
As one proceeds up the stream which follows the old road from Mill

Cove to Carhoo, and runs in a more or less southerly direction from

Carhoo, a series of banded and nodular rhyolites is met with.

They strike north 40 :
east, and are very similar to those forming

the band (A 4) on the coast. They contain an ash-band in their lower

layers, and overlie a series of rhyolites and ashes which extend for

some little distance north of the Dunquin and Clogher road. Just

south of the latter road they dip at 50c south 60 c
east ; while north

of the road the direction is south 50 c
east. Rhyolites then again

come on, and extend through the village of Carhoo, and for about a

sixth of a mile along the old Clogher road to the north of the village.

Then ashes come on again, followed once more by purple nodular

rhyolites. This brings us to a point about a quarter of a mile north

of the village of Carhoo. where the stream which we have been

following is joined by a small westward flowing tributary. From
this point for a third of a mile to the north no exposures are seen,

and then one reaches the rhyolites, which have been already described

as occurring in the neighbourhood of the Minnaunmore Rock. A
band of ash, overlain by sandy limestones and underlain by green grit

dipping at 40 south 40 :

east, is seen in the ravine which strikes

the coast a little north of Carrigeam, the exposure being immediately

east of the point where the ravine is cut by the new road.

If one follows up the little westward flowing tributary of the

Carhoo stream above mentioned, exposures of ash and sandstone are

met with striking east 50 north, a strike which, if prolonged, would
bring them against the rhyolites of the neighbourhood of Carhoo.

The presence of a fault between the two exposures is thus sug-

gested. A small band of pale ash occurs in the northernmost

stream of the two which run down the hillside towards Clogher

village, the exposure lying not far east of the old wheel-track.

(f) Inland Exposures of Sedirnentaries.

(1) The neighbourhood of Dunquin, Coumaleague,
and Croaghmarhin.—East of the villages of Dunquin and
Carhoo, between them and the hills of Croaghmarhin and Couma-
league, are very numerous exposures of sedimentary rocks, prin-

cipally in the beds of the Dunquin River and its numerous tri-

butaries. They are all of the nature of grits, flags, and sandy
limestones and slates; no igneous rocks whatever are seen associated

with them and the fossils, which are often very plentiful, are in

almost every case indicative of a Ludlow age.
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(la) The Glanlack and Vicarstown exposures.—In the

stream-bed immediately east of the hamlet of Glanlack, and on Ihe

hill-slopes just to the north, are good junction-sections between
the purple Dingle Beds and the green gritty beds which are here

considered as the top of the Silurian. The Dingle Beds on the

hillside dip at 40° south 10° west; while in the stream-section the

dip is greater, varying from 60° south 10° east near the junction

to 75° south 10° east farther up the stream. The underlying Silu-

rians in each case dip conformably beneath the Dingle Beds, and, as

previously noted by Prof. Hull, 1 there is nothing to lead one to

suppose that the junction is anything but a conformable one. The
upper beds of the Silurian are harder and more micaceous in the

neighbourhood of the Dingle Beds than they are elsewhere. There

is a good series of exposures down the stream, as far as its junction

with the one coming from Vicarstown. The dip from Glanlack as

far as the high road is a little east of south ; but from this point

to the junction of the streams the dip is very variable, and just at

the stream-junction the dip is north-westerly. There seems every

probability of a fault between this exposure and the coast.

(lb) The Dunquin Church and Ballynahow exposures.

—

East of Carhoo, in a deeply-cut wheel-track going down to Dunquin
Church, is a continuous section of grey and brown fossiliferous

flags, with a band of hard blue grit about 50 feet thick. About
900 feet of these beds are seen in this track ; while, if one includes

the ashes and sandstones (already described as met with in the stream

running westward to the Carhoo road) which dip in the same general

direction, another 500 feet may be added to the above thickness
;

and we may say that at least 1400 feet of Ludlow Beds are seen

dipping about south-eastward between Dunquin Church and the

westernmost exposure in the east-and-west stream north of Carhoo.

But there may be a concealed fault between the flags and the ashy

and sandy beds, and we can only say with certainty that 900 feet

of Ludlow Beds are exposed. If the ashes and sandstones are to

be counted among the Ludlow Beds, we have here evidence that

the volcanic activity had not died out in Ludlow times.

The large stream running down past Dunquin Church, between the

hills of Coomaleague and Croaghmarhin, and its tributaries afford an
excellent series of exposures of the Ludlow Beds. Starting at the

foot of the wheel-track above mentioned, we find that the beds have
ihe same lithological character and the same south-easterly dip as

have those in the track, but about a quarter of a mile up the stream

we meet with a very different dip, namely, 52° south 10° east. The
beds frequently contain coral-layers with Halt/sites catemdaria

(Linn.) and Favosites aspera, d'Orb. About 350 yards above the

point where the stream is crossed by the road, a small tributary

from Coumaleague Hill joins the main stream. It shows mam
exposures of grey calcareous flags dipping in general at south 30° to

1 Quart. Journ. Geol. Soe. vol. xxxv (1879) p. 703.
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40° east, very fossiliferous, and containing especially numerous corals

(Heliolites ccespitosa, Salt.). At a spot about 200 yards east of the

point where this stream is crossed by the Ventry and Dunquin road

these beds yielded :

—

"Monticulipora. sp.

Strophonella fuuiculata, M'Coy.
Atrypa reticularis (Linn.).

Orthis elcgantula, Dalm.
Dayia navicula, Sow.
Cyrtia exporrecia, Wahl.
Pentamerus sp.

Spirifer plicatettus (Linn.).

Plectanihonites transversalis, Wahl.
Pterinea squamosa, M'Coy.
Ca.rdiola interrupta (?) Sow.
Lichas anglicus, Beyrich.

Crinoidal ossicles.

The rocks in the main stream, below the point where this

tributary joins it, dip at 65° to 85° south 10° to 15° west, while in

the tributary and higher up the main stream the general direction is

easterly. There may be a fault between the two sets of exposures.

Continuing up the main stream, we next come to a tributary

which, running nearly due south from Ballynahow Common, enters

on the right bank. In this are numerous exposures of brown
calcareous sandstones dipping at 35° to 50° south 65° to 80° east.

At about a quarter of a mile up this tributary, at a point' where it is

joined by a ravine from the east, is a very fossiliferous exposure of

brown calcareous sandstones, from which we obtained :

—

Halysites catenularia (Linn.).

Heliolites ccespitosa, Salt.

H. Murchisoni, M.-Edw.
Monticulipora pocuktm, Salt.

Favosites aspera, d'Orb.

F. Forbesi, M.-Edw.
Favositella interpunctata

,
Quenst.

Li?idstroemia sp.

Spirifer crispus, His.

Sp. bijugosus, M'Coy.
Pentamerus undatus, Sow.

Hhynchonella Wilsoni, Sow.
Bh. sp.

Atrypa reticularis (Linn.).

Orthis elcgantula, Dalm.
O. calligramma, Dalm., var.

Davidsoui, de Vera.
Chonetes (?) Icevigata, Sow.
Dayia navicula, Sow.
Pterinea retroflexa, Wahl.
Crinoidal ossicles.

The occurrence of Dayia navicula, Sow., a typical Ludlow species,

associated with Orthis calligramma, var. Davidsoui, de Vera., and
Pentamerus undatus, Sow., species which are not generally met
with above the Llandovery, is noteworthy. The little ravine above

mentioned shows the exposures of the same type of rock dipping at

one point north 25° east ; and, when followed up for some 500 yards,

bears sharply first northward and then north-westward, exposing

more grey calcareous flags dipping north-eastward at 47°, and
containing

Lahechia, conferta, Lonsd. Strophonella fun iculata, M'Coy.
Atrypa reticularis (Linn.).

Similar compact, grey and green, calcareous flags can be traced,

more or less continuously, all the way to the top of Croaghmarhin,

and also round the top of the hill and away along the ridge towards

Ballyferriter ; until at a point nearly due west of the northernmost

of the two hamlets called Marhinmore, the purple Dingle grits come
on. Unfortunately, it is impossible to ascertain the character of

the junction between the two aeries, owing to the occurrence of a
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gap of about 300 yards without exposures. The green Silurian

nags, when last seen, dip at 25° south 50° east, while the Dingle

Beds, at their first appearance, are dipping at 60° south 30° west.

At a point about 150 yards north-east of the summit these flags yielded

Orthis elegantula, Dalm. Strophonella funiculata, M'Ooy.
O. sp.

I

Chonetes striaieila, Dalm.

West and south-west of the summit of Croaghmarhin there is a

puzzling and irregular series of dips, indicating the presence of

faults or sharp flexures.

Returning to the Dunquin River, we find, east of the point

where the Ballynahow-Common tributary joins it, further ex-

posures of coral-bearing sandy limestone and grey and green

unfossiliferous flags. At a point about 150 yards west of the main
road, the beds yielded Dayia navicula, Sow., and Orthis elegantula,

Dalm. In the ditch at the south side of the road which descends

from the top of the watershed to join the road from Marhinmore,
brown calcareous flags, of the type so common in the neighbourhood,

are frequently exposed. Some 470 feet of these beds are here seen.

Similar beds are seen close to the Marhinmore road, about 300 yards

from its point of junction with the Dunquin road. The northern-

most of the two streams which run down the east side of

Coumaleague Hill to unite near the hamlet of Coumaleague, shows
purple Dingle Beds overlying grey flaggy Silurians. Both series

dip south 45° east, and there can be no doubt that here, as in the

neighbourhood of Glanlack, the Dingle Beds succeed the Silurian

conformably.

(2) Exposures in the neighbourhood of Teeravane,
Ologher, and Gortadoo.—Around the hamlet of Teeravane, at

the northern foot of Croaghmarhin, are a number of exposures of

yellow and brown, sandy flags and slates, the general dip of which
is about 45° south 30° east. There are many other exposures of

similar brown sandy flags in two stream-courses which run down the

hillside in a north-westerly direction towards Clogher village. In

the northernmost of these two streams the dip of the upper beds is

similar in the main to that of the Teeravane beds, that is, south-

easterly ; but just above where the stream crosses the old wheel-track

the dip is south 15° west. In the southernmost stream, the dip is

southerly or a little west of south ; about 600 feet of these beds

are seen in that stream. A small band of pale ash is exposed in the

bed of the northernmost of these two streams, close to the old wheel-

track.

Beyond the high road are other exposures of green gritty flags,

in the neighbourhood of Donaghcoor Fort, and along the road from

the village of Clogher to the coast.

About half-a-mile east of Ferriter's Cove, in the neighbourhood of

the hamlet of Gortadoo, is a small exposure of very hard green grits,

which dip at 28° south 75° east. They have yielded Fistulipora and

Spirifer erispus, His., and resemble the hard grits of Croaghmarhin
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more than any other beds in the district. As they are entirely

surrounded by peat and alluvium, their relation to the other

Silurians cannot be ascertained.

III. Correlation of the Exposures, and Conclusions

as to the General Succession.

If the theory with regard to the structure of the Clogher Head
iulier which we have adopted is correct^ the three series which we
have described as A, B, and C are repetitions of one and the same
set of deposits, and it should be possible to correlate and compare

the several bands. This we have attempted to do in Table I

(p. 254:), but the subject is beset with numerous difficulties. The
newest beds are easily correlated : in each case we have a thick

series of slates and grits followed, after an intervening green ash,

by a thick series of red sandstones and ashes, and then by a band

of greenstone succeeded by a thick mass of rhyolite.

The chief difficulty lies in the enormously thick series of calca-

reous sandstones and flags (C 9) : for there is nothing in the A or

B series comparable to this in thickness. At certain horizons in

the band (C 9) too, fossils cf distinctly Llandovery type occur
;

while neither A nor B has yielded fossils clearly of Llandovery age.

These Llandovery fossils are, however, associated with many
others of Wenlock type, and hence we do not feel justified in

definitely styling these beds Llandovery, but call them Wenlock-
Llandovery. The non-representation of the Wenlock-Llandovery
Beds in the A and B series may be due to their being cut out by
the big fault at Owen ; or it may be that further search will disclose

the fact that fossils of Llandovery type do actually occur in the

older beds of the A and B series. A further difficulty is to decide

where to draw the line between the Ludlow and the Wenlock Series.

The officers of the Geological Survey regarded a well-marked green

ash (A 2, B 2, C 3), which occurs in each limb of the fold, as the

top of the Wenlock Series, and considered that the overlying

beds, which, as a rule, contain few fossils but worm-tracks, are of

Ludlow age. From the fact, howTever, that fossils of Wenlock type

occur in the worm-track-bearing grits and flags (B 1), we were
compelled to include the beds and their equivalents (A 1) and
(C2) in the Wenlock Series. The beds which should succeed

(A 1) and (B 1) are cut off from them by faults. In the C series,

however, at Trabaneclogher, after a small area where the succession

is obscured by blown sand, we meet with a series of beds (C 1),

the age of which it is by no means easy to determine. They contain
worm-tracks, but no distinctively Wenlock fossils, and lithologicallv

resemble the Croaghmarhin Beds, which are clearly of Ludlow
age. We therefore feel justified in grouping these beds with the
Ludlow Series.

The correlation of series C and D is even more puzzling than that

of A, B, and C. We believe that the following table (p. 250)
represents the relationship :

—
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Table II.

—

Suggested Coeeelation of Series C and D.

Thickness in

D (1) Yellow calcareous flags, with
fucoids. Top not seen ...

Fault,
I) (2) Calcareous flags, with a band

of hard green grit

Fault,
D (3) Ashes, with sandy layers

D (4) Yellow sandy beds

D (5 & 6) Green and red, sandy and
ashy beds

D(7) Nodular rhyolite

D(8) Red sandy ashes

D (9-13) Variable sandy and ash}'

beds
Fault.

D (14) Conglomerate

feet. Thickness in feet.

C (2) Green and yellow sandstones
320 and slates about 570

C (3-8) Mainly volcanic.

320
|
C (9) Calcareous sandstones and

[>
flags, with ash-bands, of

50 I Ferriter's Cove 1390
290 J

C (10) Coarse conglomerate, with
grit-band. 30

C (11) Red sandy beds, with aslry

20 and conglomerate-bands . 70
50 C(12) Rhvolite 23
40 C(13) Ash 31

C (14-16) Sandy limestone and
183 sandstone 260

C (17) Green rhyolite and ash 6
Fault.

C (18) Labradcrite -porphyrite 115
Fault.

C (19) Red and green slates.

24 C(20) Conglomerate 6

It may be thought unjustifiable to correlate (D 1) with (C 2),

and at the same time (D 'J.) with (C 9), which is separated from

(C 2) by beds 658 feet thick. But it must be remembered that the

non-representation of (C 3-8) in the 1) series may be partly due to

the fault at Illaunaportan ; while we must not lose sight of the fact

that the beds unrepresented in the D series are, with the exception

of part of (C4), entirely lavas, ashes, or iutrusives, and might well

be subject to rapid variation in thickness in a limited area. These

very beds (C 3-8), which are 658 feet thick, are the equivalents of

(B2-7), which are 972 feet thick, and also of the beds (A 2-6),

still farther south, whic|i are as much as 1026 feet thick.

We are now in a position to summarize what we believe to be the

general succession in the Clogher Head district : at the top :

—

Ludlow.

Wenlock.

Wenlock-
Llandovery

Thickness in feet,

calcareous sandstones
Lower Devonian. Dingle Series.

5. C r o a g h m a r h i n Beds
and flags of Ludlow age ? 1000

(4. Drom-PointBeds (Al, B 1, C 2, D 1) ...about 600

]
3. Red sandstones and ashes (A 3, B 3, C 4), with

green ash (A 2, B 2, C 3) at the top 350
Clogher- Head Series, calcareous flags and

slates, with abundant contemporaneous igneous

rocks (A 5-35, B 5-15, C 6-9 [in part], D 2) ... 2000 *

Ferriter's-Cove Beds, chiefly calcareous flags,

with a subordinate development of contempora-

neous igneous rocks (C 9 [in part]-20, D 3-14) .. 1400
Smerwick Beds.

* Maximum thickness seen.

^2
I

I

ri

5. The uppermost Silurian beds, which east of Dunquin and south

of Marhinmore underlie the Dingle Beds with apparent conformity,

are the Croaghmarhin Beds, of Ludlow age—a series of grey
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and green calcareous flags often very fossiliferous, and containing in

places abundant Dayia navicula, Sow., and coral-layers composed of

Heliolites and Hah/sites. These beds are certainly not less than

900 feet thick, and may be much thicker. The only sign of con-

temporaneous volcanic action having taken place during their

deposition, is afforded by certain thin beds of ash seen north-

east of Carhoo and east of Clogher village. The great majority

of the inland exposures of Silurian beds belong to this series, and,

as already stated, we believe that the series of gritty flags and slates

exposed on the south side of Trabaneclogher are also to be grouped

with the Croaghmarhin Beds, and regarded as of Ludlow age.

4. Below comes a series of beds which, from the fact that they are

best developed at Drom Point, may be called the D r o m-P o i n t Beds.
They consist of brown gritty and slaty beds with, as a rule, few
fossils except abundant worm-tracks. In the lowest beds of this

series we meet with traces of contemporaneous volcanic action ; but

volcanic action was, on the whole, little rife during their deposition.

3. Below comes a thick series of red sandstones, with numerous
ash-bands, well exposed north of Drom Point and south of Mill

Cove. These beds have yielded no fossils.

2. Below comes the Clogher-Head Series, a remarkable and
varied succession of ashes and rhyolites, alternating with calcareous

flags and slates, containing fossils mainly of Wenlock type. The
igneous rocks largely preponderate over the sedimentaries in the

southern part of the area. They overlie :

1. The Ferriter's-Cove Beds, a thick series of calcareous

sandstones and flags with subordinate ash-bands. The fauna,

though in the main of Wenlock type, contains some species which
are generally regarded as distinctly Llandovery (see § IV, below).

The Ferriter's-Cove Beds rest with apparent conformity upon the

unfossiliferous Smerwick Beds.

IV. Further Remarks on the Fossils.

Mr. F. E. Cowper Reed 1 writes :

—

; The facies of the fauna from all the localities is Silurian ; I have not seen any
fossils that would lead me to suspect the presence of Ordovician beds.'

The distribution of the fossils shows, however, several anomalous
features. Thus Pentamerus oblongus and StricJclandinia lens, which
are generally characteristic of the Llandovery, occur in the south-

western corner of Ferriter's Cove, in beds the general facies of whose
fauna is more of Wenlock type. At a slightly lower horizon, on
the other side of the Cove, StricJclandinia lirata occurs associated

with fossils of Wenlock type. On the other hand, at one of the
exposures in the stream which flows from Ballynahow Common to

join theDunquin River, Pentamerus undatus and Ortliis calligramma
var. Davidsoni, both forms not generally met with above the

Llandovery, occur associated with so typical a Ludlow form as

1 Mr. Reed has, as on three former occasions, most kindly examined our
fossils for us. We are very greatly indebted to him.
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Dayla navicula. Chonetes striatella, too, as remarked by Salter,
1

is here most common in beds of Wenlock or Llandovery age, as at

Pouluakeragh and north of Carrigard
; while in Britain it is a

characteristic Ludlow fossil. In this district it occurs in beds ot

Ludlow age on the north-western slopes of Croaghmarhin.
With regard to the general facies of the Silurian fossils from the

locality Mr. rlced writes :

—

' The lack of cephalopods, the great poverty of crinoids, and the scarcity of

trilobites and gasteropods may be noticed. The trilobite Encri?mms Stoketi

appears to me to differ from the typical specimens of E. imnctatus from
the Wenlock rocks of England ; but it may prove to be only a local variety

of the latter species. Horiostoma, is the most abundant genus of gasteropods.

and Encriaurus of trilobites. The only peculiar species from these Silurian

beds of the Dingle district appears to be Spir/fer bijugosus, and it is a

generally abundant form.'

llhynclionella nucuta occurs from the top of the Ludlow to the

lower part of the Wenlock (as, for example, at the base of Clogh

Point).

V. Petrographical Details.2

(a) The Lavas.

These, which are invariably rhyolitic in character, form the most
remarkable of the volcanic rocks of the district. They are fine-

grained white, pale-grey, or purple rocks, with a grounclmass which
under the microscope is generally seen to be mainly cryptoerystal-

line, though commonly with microcrystalline or micropcecilitic

patches and bands which are elongated in the direction of flow,

and often merge imperceptibly into the surrounding cryptocrystal-

line material. None of the rocks show vesicular structure, and the

phenocrysts, which are almost always felspar (generally orthoclase),

are never very abundant, and are often completely absent. Pheno-

crysts of quartz are never met with. The prevailing cryptocrystal-

line character of the groundmass is probably due to devitrification.

The rhyolites may be divided into the following groups :
—

(1) Nodular rhyolites

;

(2) Banded rhyolites ; and

(3) Ehyolites not showing nodular or banded structure.

(1) Nodular rhyolites.—The best examples of these rocks

occur on the east side of the inlet of Poilminnaun, north of Mill

Cove (band A 5) and in the thick band of rhyolite (C 7) which

forms the greater part of the promontory of Poulnakeragh or

Foilwee. The Clogher-Head rhyolite is also sometimes nodular, as

too is that seen south of the village of Carhoo. The mass exposed

on the foreshore of the south side of Ferriter's Cove is another

-example of a rather coarsely nodular rock. The nodules in all these

1 Brit. Assoc. Rep. 1857 (Dublin) Trans, p. 89.
2 We are much indebted to Mr. Alfred Harker for help in the determina-

tion of some of our rocks.
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rocks are of all lengths up to 5 inches, and generally stand out

prominently from the weathered surface. They are sometimes solid,

but occasionally contain irregular hollows, which are often lined

with chalcedony or with small, though often well formed, quartz-

crystals. We have no theories to offer in regard to the forma-

tion of these nodules, but may remark that we have not detected

spherulitic structure in connection with them. The rock exposed

at the point north of Mill Cove is pale purplish-white in a hand-
specimen, with many small dark nodular lumps. When viewed in

ordinary light under the microscope, patches are observed which
resemble xenoliths, but in polarized light these merge more or less

completely into the surrounding matrix, and are seen to consist

of quartz and felspar intergrown in a micropoecilitic fashion. No
phenocrysts were met with.

A micropoecilitic character is also strongly marked in two other

sections of rhyolite from the same locality : in one case micropoeci-

litic patches are thickly strewn throughout the section, in the other

almost the whole of the groundmass is micropoecilitic.

Some of the rhyolites from the Foilwee promontory also show
numerous small micropoecilitic patches in the groundmass.

(2) Banded rhyolites.—These are the most plentiful and
important of the lavas. The great mass of the Clogher-Head

rhyolite is markedly banded in its eastern portion near the Min-
naunmore Rock ; while in the western exposures near the headland

the banding is not, as a rule, so well marked. Next to the Clogher-

Head mass the most important banded rhyolite is the upper part of

the Foilwee or .Poulnakeragh flow. In the banded variety of the

Clogher-Head rhyolite, the bands are seen under the microscope to

be identical in character with many of the small nodules, and to

consist of quartz and felspar intergrown in a micropoecilitic fashion,

while the rest of the section is cryptocrystalline. A considerable

amount of epidote is developed in connection with these bands.

Some sections of the Poulnakeragh rock show very numerous
small spots in the groundmass, which are free from sericitic mica,

and appear black in polarized light. Mr. Harker, to whom we
submitted a section, says that these spots seem to be micropoecilitic

areas, and drew our attention to the occurrence of similar spots in

rhyolites described by him from Caernarvonshire 1 and from Dufton. 2

Among the various types of rhyolites exposed in the fine coast-

section due west of Carhoo village, is a compact purple rhyolite

which presents a banded appearance in a hand-specimen, owing
to the occurrence of elongated lenticular patches marked out by
the abundance of brown iron-oxide. In section, orthoclase-pheno-

erysts are seen to be plentiful, and the groundmass shows excellent

flow-structure round them. The rhyolite seen south of Carhoo is

also occasionally banded.

1
' Bala Volcanic Area of Caernarvonshire' Sedgwick Prize Essay for 1888

[1889] pp. 22-23.
2 Quart. Journ. Geol. Soc. vol. xlvii (1891) p. 519.

Q. J. G. S. No. 230. t
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(3) Rhyolites not showing nodular or banded struc-
ture.—Several varieties of these rocks are met with. The most
important is perhaps the hard compact purple rock (A 11) which
forms the prominent flow to which Redcliff Cove owes its name.
This has a cryptocrystalline groundmass, somewhat iron-stained.

It shows no lenticular patches coarser-grained than the rest. Fel-

spar-phenocrysts are abundant, and often show corrosion by the

groundmass. They exhibit, however, no sign of a general parallel

arrangement, and often appear broken, so that the section presents

features which suggest an ash. As already mentioned, when de-

scribing this rock in the field, this is also suggested by the occurrence

of included xenoliths of rhyolite.

In the inlet of Carrignaneena, on the south side of Doon Point,

occurs a compact purple rhyolite (C 12), quite unlike in character

any of those of the Clogher-Bead Series. In section the ground-

mass, which is much stained with red iron-oxide, is seen to be

microcrystalline, and to show good fluxion-structure round the

numerous phenocrysts of orthoclase.

The large mass of rhyolite exposed at the point north-west of

Owen also consists largely of a compact purple rock which shows
neither banding nor nodules. This rock is very fine-grained, and
almost uniformly cryptocrystalline. A fair number of phenocrysts

of orthoclase, and also of albite, occur in it. Magnetite is fairly

plentiful, occurring in minute patches thickly disseminated over

small areas of the section, and also in larger grains. Sometimes
xenoliths are present.

The Fort-Dunore mass, the only important exposure of rhyolite

occurring in the section along the west side of Smerwick Harbour,

is a very compact fine-grained rock, showing no banding and only

a few much-altered phenocrysts.

(b) The Ashes.

The number and variety of the ashes is very great. They
vary in colour from white, through various shades of green,

yellow, and grey, to purple, and in coarseness from extremely fine-

grained and flinty rocks, to a rock the constituent fragments of which
may reach a length of 2 feet. Some have the matrix silicified, and
from this and other causes are often extremely hard to distinguish

from rhyolites. Sometimes the best guide (as remarked by Mr.
Harker) for discrimination between a rhyolite and a rhyolitic ash

lies in the orientation of the felspars : in a rhyolite they tend to have

a parallel arrangement, in an ash the arrangement is more irregular.

One of the most noteworthy points with regard to the ashes, is that

while the fragments sometimes resemble the local rhyolites, they

are frequently of an andesitic nature, and often amygdaloidal,

bearing no resemblance to any of the local rocks.

The different types of ash may be grouped as follows :

—

(1) Very fine-grained pale ash.—The best example of this

type of rock is band (A 23) exposed near the top of the cliff south-
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east of Carrigcam. The appearance of the rock in the field has

already been described. Under the microscope, it shows a very

fresh fine-grained matrix, through which are scattered broken quartz-

grains, afew felspars, and sometimes fragments of pumice recognizable

by the curving outlines of the cavities. Small zircons and flakes of

muscovite also occur in it. The marked banding seen in some hand-

specimens is due to the accumulation of broken quartz-grains along

certain lines. A somewhat similar rock is exposed on the cliff-face

opposite Carrigcam. Both these rocks are highly silicified.

(2) Moderately fine-grained purple ash.—This type of

rock is widely distributed ; it occurs overlying and underlying the

big series of rhyolites at Poulnakeragh. It is found also at the

south-western corner of Clogher Head (B 7) and in the inlet of Car-

rignaneena (C 6 in part).

The rock which forms the south-western corner of Clogher Head,

in a hand-specimen is a compact purple rock, showing many felspar-

crystals and some signs of parallel arrangement. Under the

microscope, many broken felspars are to be seen. This rock shows

signs of crushing, and much calcite is developed in strings along

parallel planes. Lava-fragments are not very plentiful ; but two
kinds are present—one of a rock composed of fair-sized felspar-

crystals, short and square-ended, with very little intervening ground-

mass ; the other, with numerous larger singly-twinned phenocrysts,

embedded in a fine-grained groundmass in which felspar-needles

can be detected.

A slightly coarser-grained rock, one of the big series (C 4) of

sandstones and ashes exposed at Drom Point, is noteworthy for the

very small amount of fine-grained material between the fragments,

which are mainly of an andesitic character, and lie closely packed

t ogether. The ash which is exposed in the northernmost of the two
streams that run down the western side of Croaghmarhin towards

Clogher village, shows many small pumiceous fragments recognizable

by the curving outline of the vesicles.

(3)Fairly coarse ash.—This type of ash is widely distributed,

and may be further subdivided into purple ash and pale ash.

Purple ash forms the band (B 5) well seen along the northern

slope of Clogher Head, and is met with again at Foilnainahagh,

Foilavaddia (D 5), where it is fossiliferous, and north-east of Carhoo.

The length of the fragments in this type of ash ranges up to three-

quarters of an inch, but it is generally somewhat less. No features

requiring special comment were disclosed by microscopical exami-
nation.

Fairly coarse, pale ash may be seen atFoilminnaun (A 6 in part)

at the points west of Redcliff Cove (A 13), north-west of Owen
(B 14), among the series exposed north of Drom Point (C 4), in

the stream-course south of Carhoo, and in the band which crops

out at Poulnakeragh and in the south-eastern corner of Ferriter's

Cove (C 8). The microscopical characters of these rocks call for

t2
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little comment : broken felspar-crystals and lava-fragments, chiefly

andesitic, are plentiful ; in some cases the sections are freely

traversed by veins of granular quartz, and the fine matrix sur-

rounding the fragments is considerably silicified.

(4) Coarse green ash.—This is a very well-marked rock, and
proved of much use in correlating and grouping the exposures in the

three limbs of the great fold. In the southern limb it is seen at

.Foilclea (A 2); in the middle limb it occurs along the northern slopes

of Clogher Head (B 2) ; and in the northern limb it is seen at Foilwee

(C 3). Similar green ashes occur west of the Penitential Station

(A 15), and east of Carrigard (B 9). In a hand-specimen, these

rocks show a pale-green ground mass, full of irregular dark-green

fragments commonly less than three-quarters of an inch in length,

which, under the microscope, are seen to consist of crystalline

rocks. "While, however, some of the fragments are rhyolitic, the

great majority are of andesitic type, and bear no very close resem-

blance to any of the local rocks.

(5) Very coarse ashy conglomerate or breccia.—This

rock, probably the most remarkable of any exposed in the inlier, is

met with only in the southernmost of the three limbs, being seen at

the point south of E-edcliff Cove, whence it can be followed inland

to the neighbourhood of the Stone Cross.

The blocks which form this remarkable deposit consist chiefly of

local rhyolites, and are sometimes rounded, sometimes angular in

outline. The fine-grained material filling up the spaces between
the fragments is sandy in character, and sometimes contains

fossils.

(c) The Intrusives.

The 'intrusive rocks of the district occur mainly in the form of

sills, but include one dyke. They are of three types, namely, ' green-

stone/ labradorite-porphyrite, and quartz-porphyry.

(1) The greenstones.—Greenstone-sills occur at Mill Cove,

at Redcliff Cove, where the rock can be followed inland to the

neighbourhood of the Penitential Station on the northern side of

Clogher Head, and at the base of the peninsula of Poilwee. The
last-named sill appears to be given off from a small boss seen in

the inlet of Coosaneal. These rocks are all in a very poor state of

preservation, and it is difficult to obtain any reliable evidence as to

their original character, though perhaps the Hedcliff-Cove rock was
originally an enstatite-porphyrite or andesite.

The groundmass is very fine-grained, and usually contains much
epidote and ilmenite. The ilmenite may, or may not, be altered

into leucoxene. The epidote is sometimes, as in the Clogher-Head

rock, aggregated in approximately parallel bands. In almost every

case the groundmass shows felspar-laths, which, in the case of

the Clogher-Head rock, give a maximum extinction-angle of 8°.
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The phenocrysts are of plagioclase, sometimes fairly fresh, and
giving (in the case of the Clogher-Head rock) a maximum extinction-

angle of 24° (labradorite), but generally much altered. In the

Foilwee rock no phenocrysts occur. There is very little trace of

any ferromagnesian constituent, but the Redcliff-Cove rock contains

a few small patches of serpentine, which may represent altered

rhombic pyroxene. Needles of apatite are seen in the Mill-Cove

rock. Vesicles sometimes occur : in the Clogher-Head rock they are

mainly filled with chlorite, but have brilliant epidote round the

margin. The Coosaneal rock contains a great number of small

irregular cavities, occupied by chlorite and chalcedony.

(2) The labradorite-porphyrite.—This rock is seen only

in the inlet of Eoilnamahagh, where it is bounded by a fault on either

side. It is very similar in appearance to the porphyrites of Eastern

Ireland seen at Kildare, Lambay, and Portraine. There is little to

show whether it is contemporaneous or intrusive ; the fact that its

upper surface is amygdaloidal might be regarded as a small piece

of evidence in favour of its contemporaneity, while its difference in

character from all other rocks of the district to some extent lends

colour to the view that it is an intrusive. .

The groundmass shows numerous felspar-laths giving a maxi-
mum extinction-angle of under 10°, and probably to be referred to

oligoclase. The spaces between them are filled up with a fine-

grained, much iron-stained material. The phenocrysts consist of

large plate-like crystals of labradorite, which are fairly fresh and
reach a length of three-quarters of an inch or more. Large patches

of magnetite occur, which appear to have been developed in relation

to destroyed augite-crystals.

(3) The quartz-porphyry.—This rock forms a small dyke in

the inlet of Coosgorrib, on the west side of Smerwick Harbour.

The groundmass shows quartz-grains and numerous flakes of

muscovite, which are arranged with their long axes parallel one to

the other. Numerous phenocrysts of quartz occur, commonly crushed

and cracked. Some are just cracked, others have the cracked

fragments displaced and the groundmass appearing between them.

A few of the grains also show marked corrosion by the groundmass.

Phenocrysts of orthoclase also occur.

VI. General Summary and Conclusions.

(1) The Smerwick Beds, though yielding no fossil evidence by
which their age can be determined, are undoubtedly the oldest rocks

in this area. It is probable that they are of Llandovery age, as they

are conformably overlain by fossiliferous Wenlock-Llandovery beds.

(2) All the fossiliferous rocks of the Clogher-Head inlier are of

Silurian age. The majority of those exposed on the coast are

of Wenlock or Wenlock-Llandovery age ; the majority of those

exposed inland are of Ludlow age. The Wenlock and Wenlock-
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Llandovery Beds are mainly calcareous flags and slates associated

with a great amount of volcanic material. No pure limestone and no

black graptolitic shales occur. Volcanic rocks are first met with

low down in the Wenlock-Llandovery Series, and reach their maxi-
mum in the Wenlock Series, this being especially noticeable in the

southern part of the area. Ashes occur interbedded with the lower

beds of the Ludlow Series, but no lavas ; and in the higher Ludlow
Beds and the conformably overlying Dingle Series, we have found

no signs of contemporaneous volcanic action. The volcanic rocks

are all of the same general character, and include thick beds of

rhyolitic lava and of coarse and fine ash.

(3) After the deposition of the Dingle Beds extensive earth -

movements took place : for, not only is the Old-Red-Sandstone

flipper Devonian) Conglomerate now found resting unconformably
upon the upturned Dingle Beds (Lower Devonian), as, for example,

along the northern shore of Dingle Bay, but it also rests upon the

Ludlow Beds on the north side of Clogher Head, and upon the Smerwick

(? Llandovery) Beds from Sybil Point to Smerwick Harbour.
During some succeeding age this capping of Old Red Sandstone,

with its overlying Carboniferous deposits, was bent into an immense
anticline, the crest of which was over Brandon Mountain, where
the Old-Bed-Sandstone Conglomerate now lies at a height of some
3000 feet above sea-level.

(4) The general structure of the Silurian inlier may be defined

as an S-shaped fold, the middle limb of which is overfolded to the

north and thrust over the northern limb, the thrust traversing the

trough of the fold. The arch of" the fold between the southern and
middle limbs is also traversed by a fault. The most marked effect

of this overfolding is that all the beds exposed along the coast

appear to dip approximately in the same direction—south-eastward

or south-south-eastward.

(0) This great overfold cannot have occurred in the pre-Old-

Red-Sandstone and post-Dingle period of earth-movement ; for we
find the Wenlock Beds of Clogher Head thrust over the Old-Red-

Sandstone Conglomerate there, which rests with an unfaulted
unconformable junction upon the Ludlows of Trabaneclogher.

It is very possible, however, that the overfold and thrusting took

place during the post-Carboniferous period of earth-movement, which
brought about the huge anticline of Old Red Sandstone and Car-

boniferous rocks reaching right across the Dingle promontory.

(6) But before this great overfold took place, there had been a

certain amount of intrusion of igneous rock. This is, in the main,

a fine-grained diabasic rock, often much altered, and is the 'green-

stone* of the Geological Survey Memoir. It is met with between

similar beds in the three limbs of the great S-fold, and this points

to its intrusion before the formation of the fold.

It is possible that this period of intrusion may have coincided

with the post-Dingle and pre-Old-Red-Sandstone period of earth-

movement. And colour is lent to this view, by the occurrence of

greenstone, recorded in the Geological Survey Memoir as intrusive
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in the Dingle Beds of Smerwick Harbour, and by the absence of any
intrusions into the Old Red Sandstone.

The quartz-porphyry, seen near Fort Dunore, intruded between
the Smerwick Beds and the overlying Silurian, is of uncertain age,

and so also is the labradorite-porphyrite near Ballyferriter Castle.

(7) There is very little evidence as to the position of the vents from
which the Silurian ashes and lavas came. The only fact which may
possibly give a clue to the solution of this problem, is that the

thickness of the beds formed by volcanic agency is greater in the

southern part of the area, and hence it is possible that the vent or

vents from which they came may have lain to the south of the

Dingle promontory.

(8) The land during the deposition of the Silurian rocks could

not have been very far off : for the Silurian sediment found here

points to a shallow sea, or to the proximity of land. Even when
coral-life abounded, the rock in which the corals are now preserved

is never a pure limestone, but always of a very arenaceous character,

though the corals are preserved not in broken fragments, but in

layers of growth. Moreover, there are beds of conglomerate

found in places throughout the series, which show that the volcanic

beds in the neighbourhood were being continually denuded. They
also point to the former presence at the surface of rocks now not

seen in the neighbourhood, for granitic pebbles sometimes occur.

EXPLANATION OF PLATE VI.

Geological sketch-map of the Clogher-Head and Snierwick-Bay District

(County Kerry), on the scale of 3 inches to the mile.

Discussion.

Prof. Watts congratulated the Authors on this excellent paper

;

it probably was merely an instalment of the work, which he hoped
they would continue, of re-examining the less-known Ordovician

and Silurian districts of Ireland. It appeared to be only in the West
of Ireland that volcanic ashes and lava-flows were actually inter-

bedded with Llandovery and Wenlock rocks. He would be glad

of a clearer expression of opinion from the Authors in regard to

one or two points. First, in regard to the occurrence of fossils of

different horizons at one distinct horizon (spoken of by the Authors
as Wenlock-Llandovery), he could hardly believe that zones so dis-

tinct in England could be merged into one in Ireland. Was it not

possible that, besides the proved inversion on a large scale, there

were other phenomena of inversion and faulting on a small scale ?

Secondly, was it perfectly certain in this area that the igneous

rocks were non-intrusive ? Were there, for example, fossils in the

tuffs and tufaceous fragments in the ordinary sediments ? Finally,

recalling that, among the specimens in the Irish Geological Survey

Collections, he had seen and described intrusive rocks of Tertiary

age in the South-west of Ireland, he asked whether there was also

Tertiary volcanic material in the district worked over by the
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Authors. He congratulated them meanwhile on having found a

new locality for the ' Lambay Porphyry.'

Prof. Groom said that the Society would welcome the work of

the Authors as an important addition to our knowledge of the

Dingle promontory. A comparison with the Killary district to

the north would probably prove interesting, particularly in respect

to the development of igneous rocks in the Silurians. He inquired

whether, in view of the circumstance that the ' Dingle Beds ' had
been regarded by some as Silurian, the existence of an Upper
Ludlow horizon had been definitely established in the underlying

series. He thought that it should be clearly recognized that of the

two series of movements, to which allusion had been made by the

Authors, the first might have taken place after the deposition of

the Lower Old Red Sandstone, and the second partly before the close

of the Carboniferous Period.

Prof. Sollas said that he had listened with pleasure to the

Authors' account of what seemed to him an excellent piece of work,

but hoped some further light might be thrown on the apparent

commingling of Llandovery and Wenlock fossils. Pentamerus

oblongus, however, occurs in the Wenlock of Gotland.

Prof. Reynolds stated, in reply to Prof. Watts, that some of the

tuffs were fossiliferous, and that the Authors had no doubt at all

about the contemporaneity of both rhyolites and tuffs. With regard

to Prof. Watts's suggestion that the peculiar association of Llan-

dovery fossils with a fauna which, on the whole, was indicative of

a higher horizon, might be due to inversion on a small scale,

he stated that he did not think this suggestion would explain

the state of affairs, as, although there was one great overfold

in the district, the beds, taken as a whole, were not much dis-

turbed and the included fossils showed little sign of distortion.

No olivine-dolerites, or rocks the character of which at all led one

to suppose that they Avere of Tertiary age, occurred in this inlier.

In reply to Prof. Groom, he stated that the Authors had not recog-

nized any particular horizon in the Ludlow Beds described, and that

it was quite possible that the lower part of the Dingle Series might
be of Upper Ludlow age. The rocks referred to in the paper as Old

lied Sandstone were generally correlated with the Upper Old Red
Sandstone of Britain.
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15. On some Gaps in the Lias. By Edwin A. Walfopj), Esq.,

F.G.S. (Read February 26th, 1902.)

The calcareous beds of the Middle Lias attain a maximum thickness

near Banbury in Oxfordshire. They form the highlands of the

escarpment (the outcrop) on the North Oxfordshire border at their

highest altitude, 720 feet above Ordnance-datum.

The several zones of the Middle Lias may be put broadly into

three lithological divisions :

—

1. Zone of Ammonites spinatus, and Transition-Bed. (Calcareous.)

2. Zone of Ammonites margariiatus. (Argillaceo-calcareous.)

3. Zone of Ammonites Jamesoni or ibex and Amm. capricornus. (Argillaceous.)

The deposition of divisions 2 and 3 followed a long period of

sedimentation, mainly of argillaceous type. They are, in fact,

repetitions of the previously existing conditions of the Lower Lias,

differing only in a gradual increase in the thickness of the argil-

laceous limestones towards the top of the zone of Ammonites mar-
gariiatus. Similar conditions prevailed over the whole of the

English Liassic seas. Though the incoming of the zone of Amm.
spinatus was with some argillaceous deposit, the true zonal type

was reached in the calcareous bands at the base of the great Iron-

stone Series, wherein the true fauna of the zone rests. In the

Midlands and in Yorkshire these limestone-beds are at the lowest

part of the 30 feet of rock and clay of the Amm.-spinatus zone.

Nodular and concretionary bands characterize them. The nodular

limestones are represented in Somerset, Dorset, and Gloucestershire

by marly limestones yielding also the molluscan fauna of that part

of the zone.

The ferruginous limestones of the superior part of the zone I

have elsewhere x shown to be mainly a sub-crinoidal bank of great

thickness and importance in Northern Oxfordshire and Cleveland

(Yorkshire), both now important centres of the iron-industry.

Hence the zone of Ammonites spinatus may be divided into an

upper and lower series :

—

Feet.
Zone of f 1 . The Ferrocrinoid-Beds (superior) 30

Amm. spinatus. [2. The Spiriferina-oxygona Beds (inferior) 20

Variations in thickness of the superior division in Oxfordshire are

frequent, ranging from 30 feet (at an altitude of 700 feet) to 6 feet

on the edges of the Cherwell Yale (at an altitude of 350 feet),

owing to waste by water-flow.

Special or abundant fossils of the Ferrocrinoid-Beds (1) :

—

Ammonites spinatus (very rare).

Rhynchonella tetrahedra.

JRh. tetrahedra, var. northamp-
tonensis.

Terebratula punctata,.

T. Edwardsi.
Waldheimia indentata.

Ferrocrinoids.

On the Making of the Middle Lias Ironstone of the Midlands ' Journ.
Iron & Steel Inst. voJ. xlix (1896) p. 74.
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The special or more abundant fossils of the Spiriferina-occygona

Beds (2) are :

—

Ammonites margaritatus.

Amm. spinatus.

Belemnites paxillosus.*

Bostellaria admiranda.

Trigonia lingo?iensis.

Protocardium truncatum (mainly
derived).

Lima Elea.

Harpax Icevigaitts.

Cardinia Philea.

Ostrea submargaritacea.

0. sportella*

Bhynchonella acuta.

Spiriferina oxygona.

ThamnastrcBa Etheridgii.

Leucandra Waifordi.

[The fossils marked with an asterisk are especially abundant.]

Division 1 (the Eerrocrinoid-Beds) I take to be unrepresented in

Dorset, Somerset, and Gloucestershire. There the marlstone yields

large Grypkcea, Ostrea, and Cardinia, together with Ammonites
spinatus and Amm. margaritatus. The fauna is that of the Spiri-

feri?ia-o:rygona Beds of Oxfordshire with, however, many of the

brachiopoda of the higher division. The Leicestershire and Rutland
beds are of the Oxfordshire type.

While the concretionary beds of division 2 with a typical coral-

fauna were being deposited, the more marly beds of Somerset and
Dorset developed a fauna of large growth but of more widely-spread

forms. The same conditions appear to have extended over Northern
France, and I have grouped the Middle Lias of Calvados in Lower
Normandy and that of the counties of Dorset, Somerset, and
Gloucester together as the Anglo-Norman Basin. In Normandy,
as in the South-west of England, the remains of the later Middle
Lias and the Upper Lias are found resting upon Palaeozoic rocks.

The late Prof. E. Eudes-Deslongchamps brought evidence to prove

the possession of the Palaeozoic sea-floor by a Liassic fauna. My
endeavour is to show that the fragmentary type of those deposits

may be explained by long-continued waste (inter-waste) rather

than by contemporaneous erosion.

The Eerrocrinoidal ironstone (div. 1) bears a sparse generic

fauna, though from its thickness and apparently slow accumulation

other results might be expected. Beds of brachiopoda make up in

number of individuals for the deficiency in number of species. The
common Rhynchonella tetraJiedra attains wide diversity of form,

reaching however its largest growth in the preceding Spiriferina-

oceygona division. Banks of Terebratulai occur, replacing for a time

the Rhynchonellce, but nearly all the species are common to the

two horizons. Beds crowded with the remains of Ferrocrinoids

range through the whole of the deposit of this time. The green

limestone of the bottom beds and the fawn-coloured, more marly

limestone of the top bed are packed with their sinuous stems, which

may often be seen in the weathered masonry of old buildings. The

excellence of the flaggy stone, locally known as ' top rag ' and in

great use as a paving-stone, is owing to the packing of the several

beds with the stems of the same organism. This great calcareous

bank, it may be assumed, was of sufficiently indurated type to allow

the accumulation in its hollows and sides of the clinging masses of



Vol. 58.] SOME GAPS IN THE LIAS. 269

brachiopoda, after the manner of their occurrence at the present day

in the great Australian Barrier-Reef.

East of the Cherwell Yale the Ferrocrinoid-Beds lose type and

importance. Along the Middle Liassic outcrop, on the north-western

border of Northamptonshire, and trending eastward into Rutland,

the same Ferrocrinoidal life appears to have prevailed, though

perhaps less prominently. In the famous iron-ore-field of Cleve-

land it was a great factor in the making of the Liassic limestone,

though of difference in type from the Oxfordshire beds.

Passing to consideration of the close of the Ferrocrinoid time, I

think it is certain that the area of deposition was narrowed, or that

wraste over wide areas has supervened. We have been too prone to

assume that the fact that several zones are welded into one course of

limestone constitutes sufficient evidence of continuity of conditions.

I shall show, by three sections from the neighbourhood of Banbury,

that such conditions do not prove continuity.

At Bloxham, 3 miles north-west of that town, the 3 feet of the

Liassic rock-bed at the top form one course, in the main made up

of the stems of the Ferrocrinoid, but passing at the junction with

the Upper Liassic clays into pinkish compact limestones crowded

with Upper Liassic organisms. The pink limestones are of the

Ammonites-communis zone, the intermediate Transition-Bed and

zone of Amm. serpentinus having been removed by inter-waste.
At Fernhill, 6 miles north-west of Banbury, the rock-bed

(Amm.-spinatus zone 2) is overlain by the Transition-Bed (b), the

Posidonomya-shales and limestones of the zone of Amm. serpentinus

(c), and by thin fossiliferous limestones and thicker clays of the

zone of Amm. communis (d). Rather high up, a thin limestone,

made up of Pentacrinite-segments, constitutes a convenient line for

demarcation. At the eastern end of the same cutting at Fernhill,

the conditions of the Bloxham section are shown in the removal of

the Transition-Bed and the whole of the zone of Amm. serpentinus.

This is even more clearly shown at the Astrop Ironstone Company's
works at Cobbler's Pits, near King's Sutton, where remains of certain

of the fossils of each horizon prove a former continuity of zones. At
Fawler, the farthest point south-westward, yet more waste is shown,

the zone of Amm. bifrons being indicated by a few fossils charac-

teristic of its limestone, of the same species as at Bloxham.
On the north-western border of Oxfordshire, where the Ferro-

crinoidal ironstone is of greatest thickness, the Upper Lias has been

removed for the most part, and here and there a patch with the

limestone of the zone of Amm. bifrons welded with the limestone

of Amm. spinatus shows an equal amount of inter- waste. The
preservation of the several zones has been effected by the earlier

subsidences of the Eastern Cherwell border, and by another small

area of subsidence of the western border of Oxfordshire, where the

fall is to the west and the River Avon. They are both in the areas

of a divide—the one in the divide of the drainage of the Ouse and
Cherwell, the other in the divide of the Avon and Cherwell.

However complete the sequence of the sections may appear to be,
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there is at the top of the Middle Lias of the Northamptonshire
border a palaeontological gap perhaps better defined than any other

in the Lower Jurassic Period. It is shown in the stratum of marl
that I have called the Trans iti on -Bed of the Middle Lias, and the

section of Eernhill near Banbury, on the Great Central Railway, is

one, from its completeness, best suited for illustration. Other
sections that I described twenty years ago are at Chipping Warden
and Byfield, a few miles north-west of Fernhill.

F
GM?E

I
" Fernhill King's

(Aqueduct *££, ^TTO,. ^^ Fxyf^
cutting,

S. bank.)

Bridge. (Astrop
(N. bank.) Ironworks.)

Ft. In. Ft. In. Ft. In. Ft. In. Ft. In.

1. Humus and waste 20 60 2 4 20 20
( 2. Blue Clay S 0} 15 16

I

.!. Pentacrinite-limestone 1 ' ,-

I 1. Clay, with line of ferruginous
(

.4 I
rubble 2 J 2

1 S J 5. Limestone with Am. bifrons... 10 10 5 1

3 1 1

6. Clay, with small ammonites
»| and belemnites 4 7 6")
^

I
7. Limestone, with small ammo- V 3 6

nites and belemnites 5 6 (
i

s. Clay 3 3 Q)

j ( 9. Blue Limestone (sharp frac-

,• I tare) with Am. Strang a-ai/sii 9 8

2 "3
J 1". Paper-shales 6 5

<n 6
I
11. Purple and black limestone

§* (fish-bed) with Amm.Strang-
& \ wayeii, communis, etc 4 2 a trace

(12 Calcite-veined limestone ..."| „, . 2

c" I I
13. Grey argillaceous marl >

^ansi-
^

.

a trace

3 2-( 11. Red-brown marl J
tlon

' 3 ( .

^•g
I

1"). Marlstone—zone of Amm. f

«{ spinatusil) ) 5 20 11

Iii part welded with the upper part of the Middle Liassic rock-

bed, and in part resting upon it, is a stratum of fawn-coloured marly

limestone weathering to marl, varying from 3 to 6 inches in thickness.

It brings in a large assemblage of life-forms, and attains greater

importance owing to the Ammonitidae being so abundantly developed

therein. Tate & Beesley 1 noticed the occurrence of the fauna at

Adderbury, but it is not there distinguished as a separate horizon.

In Northamptonshire, where better conditions prevail, I collected and
tabulated from the several localities 175 species of mollusca : now
the number is considerably greater.

No period of geological life is better marked than the time of the

incoming of Ammonites communis and its allies in the Lias.

Throughout the whole of England, and also throughout the whole

of the Anglo-Norman area, there had been a long pause in conditions

favourable to the growth of the Ammonitidae. The Spinati almost

died out at the base of the great Ironstone Series of the Midlands,

and it was apparently the same elsewhere. They occur but rarely

in the ironstone of the Ferrocrinoid time. Early forms of the

1 Thomas Beesley, Reo. of Excurs. to Banbury, Proe. Greol. Assoc, vol. iii

(1373) p. 197.
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communis-type do come in at the top of the Perrocrinoid rock-bed,

but not lower than a foot below the overlying Transition-Bed.

"With the incoming of the Transition-Bed limestones representatives

of five groups of ammonites appear, not dwarfed but frequently of

luxuriant growth. They are not represented by a few individuals,

but by thousands, in which every gradation of growth and ornamen-
tation seems to find place. Whenever and how they came in we do

not know. England, Prance, and Germany fail to supply the

genetic links of the chain. Perhaps we should look to the Middle

Lias of Spain and Italy for deposits which may tell us the history

of this interval of time. The gasteropoda partake much of the type

of those of the Spiriferina-oxygona Beds, but are mainly of distinct

specific form—about forty species in all. folyzoa of like kind occur

in the Sp.-oxygona Beds at the base of the Ammonites-spinatus zone

and in the Transition-Bed at the top.

An interesting part of the record of this time is the alteration in

the type of the fauna in its spread over the Midland area. In the

outlier of Badby, 14 miles north of Banbury, Mr. Beeby Thompson l

found a Transition-fauna, and I have also collected from it. The
Perrocrinoidal rock is wasted, and the Transition-fauna occurs in

holes and pockets in it. A remarkable group of Tellinidae replaces

the ammonites, which are few and dwarfed, and the rock is bored.

The gasteropoda are dwarfed in size and in ornamentation, though

very abundant ; and the pelecypoda are of small size also. There

are few corals. At Byfield, 4 miles to the south, the fauna is

of normal type, as it is also in its easterly spread. At Pern-

hill, farther south-eastward, the ammonites are of larger growth.

It may be that this was the coral-fringe of a deeper sea where
the warmer shallows developed life, as in the inner shoals of the

Great Barrier-Beef which Prof. Alexander Agassiz has described

so well.

The Transition-gap, as I have shown, rests for evidence wholly

upon a sudden appearance of molluscan life of new type. If the

Perrocrinoid-bank was reef-like and the development of life went
on outside it, evidence of the sedimentation in the interval has yet-

to be sought for. The passage of life during the building-up of the

60 feet of strata of the Ammonites-spinatus zone went on with

the usual alternating conditions. No one of the ammonites at the

end of the Middle Liassic day is the same as at its dawn—no one of

the ammonites of the ' spinatus ' beginning lives to the end of that

time. It is an index of the imperfection of our study of genetic life.

Turning to the western and south-western side of the Cherwell

Yale, with the exception of Adderbury which rests on its western

bank, no remnant of the Transition-period has been found. Partner

westward, a patch in the Yale of the Stour proves its extension

there. At Constitution Hill, 1 mile west of Banbury, at Bloxham,
and Milcombe, 3 or 4 miles farther south-west, the pink and white

1
' Middle Lias of Northamptonshire ' 1888, p. 43.
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limestones of the Upper Lias (Ammonites-commwiis zone) are welded
with the Middle Liassic Ferrocrinoid-Beds ; the whole of the inter-

vening Transition-Bed, fish-bearing limestones, and paper-shales of

the Amrn.-serpentinus zone have been wasted. As far as the north-

western escarpment near Shennington there is the same hiatus, and
Ammonites bifrons is in the same rock-course as the spinaius-fossih.

The interval must be looked upon as a belt of waste, such as the

Inferior Oolite limestone shows at the base of the argillaceous beds

of the Bathonian. Inter-waste seems to me a convenient
term to define the removal of strata long subsequent
to their deposition.
A succeeding gap, though in point of waste of strata represented

best by the absence of 3 feet 2 inches of clays and limestones, yet

corresponds with the 19| feet of the same series at Alderton in

Gloucestershire, and with the 50 or 60 feet of the zone of Ammo-
nites serpentinus in Yorkshire. In point of palaeontological time it

includes :

—

The genesis and expiry of groups of minute brachiopoda (Lejp-

tarna, Theeldea, etc.) and of many of the gasteropoda and
pelecypoda. Charles Moore, in 1867, 1 made out 70 species

from his Lejytcena-be&s.

The genesis of many large falciform ammonites and of the

Belemnitidae of the fish- and insect-beds (zone of Posidonomya

Bronni of French authors); also its numerous gasteropoda,

noticeably Euomphalus minutus. The first appearance of

(> species of saurians, 8 species of fishes, 6 forms of Crustacea,

and of many of the insecta and microzoa.

In all, adding the Somerset lists to those of the Midlands, quite

400 distinct species, fully one-half of which have not been collected

or recorded from strata above or below the gap. Yet it is excep-

tional in the Midlands to meet with the fragmentary remains even

of the beds which hold so important a record of life. Middle

Liassic rock merges into high Upper Liassic rock without a line of

interval or separation. Before the many processes of interstratal

waste were understood, the gaps were put down to cessation of

deposit, contemporaneous erosion, and like causes.

A curved band drawn through Central England from Yorkshire

to Somerset, widening at the two ends, puts before us the waste of

this gap in the Midlands, where yet the Middle Liassic rock rests at

an altitude of 720 feet. The broadening of the band to the north-

east and to the south-west indicates the remaining greater thickness

of strata there.

A third gap of minor importance, both in its waste of strata

and in its change of life-forms, can be measured in Oxfordshire and
Northamptonshire by the occurrence of a thin bed of Pentacrinite-

Limestone. The layer is recognizable, owing to its being made up
wholly of crinoid-segments. It is found to the north at Byfield in

Northamptonshire, and southward as far as Souldern in Oxford-

1 Quart. Journ. Geol. Soc. vol. xxiii (18G7) p. 449.
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shire ; to the east it comes in at Fernhill, and extends thence to

Bloxhain on the south-west side of Banbury. Its area I have traced

for 20 miles north and south by 10 miles east and west. Between
the fish-bearing limestones of the Ammonites-serpentinus zone and

the overlying Pentacrinite-band at Byfield but a few inches of

strata occur; at Fernhill there is a thickness of 12^ feet. At
Bloxham the Pentacrinite-Limestone rests upon an argillaceous

limestone of the lower part of the zone of Ammonites communis,

with only 3 feet of deposit between the crinoidal limestone and the

Middle Liassic rock below. A thin yellow limestone of the same

zone lying upon the Middle Liassic rock I term 'the hemera of

Waldlieimia Lycetti? and it yields a large and special fauna. At
Fawler only a trace of it rests directly upon the Middle Lias.

At Fernhill, within the mile's length of the long cutting on the

Great Central Railway, differences in sequence of strata are found,

which elsewhere have to be sought for over wide areas of adjoining

country. Fernhill is in itself the key to the right sequence of the

stratigraphy of the Middle and Upper Lias, though in other

localities palaeontological stations are better marked. The Penta-

crinite-Limestone rests upon the Ammonites-communis rock in places

where the intervening beds have wasted, and the occurrence of

Waldheimia Lycetti marks the hemera there. The subsidence or

fault which runs along the line of railway at Fernhill breaks the

bed on the west bank of the cutting abruptly down, and the Walcl-

heimia-Lycetti beds are seen to rest upon the Middle Liassic ironstone

in much the same way as at Bloxham. Worn out on it are great

cable-like markings, bearing the appearance of remains of massive

arborescent or trailing growth. The waste of the ' funnel-fault ' at

Fernhill has removed the strata of the intervening zones, in the

same way as the slower and long-continued inter-waste has done
on the 10-mile long slopes of the country from the western Middle
Liassic outcrop to the banks of the Cherwell.

The measure of displacement of the Lias over the Cherwell Vale

may be gathered by noting that the Ammonites-margaritatus zone

at Fernhill occurs at the altitude of 570 feet near the divide of the

Ouse and Cherwell, while on the western escarpment the altitude of

the same beds I take to be 680 feet ; fragments of the same zone

along the river-banks are found at about 300 feet above Ordnance-
datum. What was the old line of altitude is beyond our ken of

today.

The key to the problem of inter-waste is sought in the necessarily

associated lines of fall and drainage. Our local conditions show that

the long fall from the escarpment south-eastward lessens the thick-

ness of the Middle Liassic calcareous ironstone only as it nears the

main line of drainage (the Cherwell). The thickness ranges from
30 to 10 feet. The drainage on the east side of the Cherwell with
a south-westerly fall, and of but one third of the area of that to the

west, alters the rule. Twelve feet may be taken as the maximum
of the Middle Liassic calcareous ironstone—the thickness ranging
from 6 to 12 feet irregularly over that region.
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Westerly vales draining into the Stour from the western escarp-

ments and with a westerly fall show similar results in that area.

The fall is also short. The Middle Liassic calcareous (ironstone)

beds thin down to 4 or 5 feet.
1 At the hill dipping into Brailes the

thickness is greater. I have spoken before of a remnant of the

Transition-Bed, and of the fish-bearing limestones and paper-shales

of the Ammonites-serpentinus zone in that part of the Stour Vale,

preserved in like manner to similar beds in the Cherwell area

draining westward.

There is no reason to doubt that the calcareous (ironstone) beds

of the zone of Ammonites spinatus were formerly as thick on the

eastern side of the Cherwell Vale as on its western side. We must
not overlook the fact that there was some difference in the

organisms and growth of the Ferrocrinoid-bank of the east. Why
should not the waste be the same, with the overlying clays and
limestones of the east side of the Vale, with the shorter fall ? Vales

of shorter drainage, whether on the scarp-edge to the west, or on

the east side of the Cherwell, show preservation of minor zones of

the Upper Lias constituting elsewhere gaps 1, 2, and 3. On the

west side of a divide, with a fall opposite to the common
di«p of the country, massive calcareous beds dwindle in thickness,

while overlying thin strata of limestone and clay, as well as the

greater capping of tenacious clays, are better preserved than on

the long fall with the common dip.

I find the same preservation of minor zones of the Inferior and
Great Oolite systems on the short flanks of a divide. Thus, in the

long ridge of the boundary-lines of North-western Oxfordshire and
South-eastern Warwickshire, remains of several of the lower

divisions of the Great Oolite are found in faulted troughs on the

side away from the prevailing easterly dip. In 1883,
2
I pointed

out the existence of these remnants and the great interest of their

fauna. The lesser volume of drainage of the short slope made less

waste of strata. The faulted areas on the short slope appear also

to have been of a more recent date of displacement than the longer

underdrained slopes of the Cherwell Vale. When I am able to take

up the description of the Great Oolite remanie deposits that I

have discovered, I shall hope to enter more fully into the question

of their time and conditions of displacement.

On p. 274 I have given a stratigraphical Table illustrating

the gaps in the Upper and Middle Lias of England ; and on

pp. 276-77 Lists of the (more important) Fossils of the Upper and
Middle Lias.

1 Later search has proved 13 feet at the head of the vale draining into

Tysoe.
- • On the Relation of the so-called Northampton Sand of North Oxon to the

C'lypeus-Grit' Quart. Journ. Geol. Soc. vol. xxxix (1883) p. 233.

Q. J. G. S. Xo. 230. u
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Discussion.

The Eev. J. E. Blake observed that there were several points

of considerable interest in the paper, as, for instance, the proof of

the dwindling-out of the hard beds of the Upper Lias towards
the Midland Counties. Shore-deposits seemed to be absent here,

and the Author appeared to indicate that the sandy littoral zone of

Ammonites capricomus was not to be found in the district described.

The Author's junction-bed between the Marlstone and the Upper
Lias was what he (the speaker) would term an ' aggregate-deposit.'

He criticized the use of such a term as ' ferrocrinoid,' which appeared
rather to suggest the adveut of such appellations as ' pyritograptolites.'

He failed to see any true crinoidal remains in the slides last shown,
and the so-called ' stems ' had more the look of worm-tubes made up
of fragments of shell. He enquired whether ' inter-waste ' was
intended to express subsequent or contemporaneous erosion. If the

phenomena described were examples of Mr. Eutley's ' dwindling of

limestones," the most soluble part should disappear first. The strata

thin naturally eastward, and an original dip would more or less

toUow the same direction. There were examples of occurrences

similar to those described in the Lias of the South of England,

but not in the Yorkshire Lias.

Mr. W. Whttakee pointed out, with regard to the Author's

observation that the calcareous beds on the scarp-face are thin, that

the conditions of the underground waters are very different on either

face. The flow is quick on the scarp-face and slow on the dip-slope,

a difference which would probably affect calcareous deposition.

Moreover, deposits on a scarp-face are more liable to landslips.

The Authob, in reply, said that the microscopic sections shown
tiirough the lantern were of the Pentacrinite-Bed from the Upper
Lias; of a crinoid from the Middle Lias; and of stems of the ferro-

crinoid, also from the Middle Lias.
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16. Or a Deep Boeing at Lyme Regis. By Alfred John Jttkes-

Browne, Esq., B.A., E.G.S. (Read March 26th, 1902.)

I, Introductoey.

Dueing 1901 a boring was made near Lyme Regis in search

of coal, and was carried to the depth of 1300 feet without reaching

the base of the Upper Triassic marls.

The story of this endeavour to find coal at a place where no

geologist would have recommended the attempt, is one which
has often been repeated at different places. The undertaking

was promoted by a ' practical man ' who had experience of coal-

mining in South Wales, and who had convinced himself that coal

was likely to be found at no great depth near Lyme Regis. He
obtained permission to bore, and induced a certain number of

persons to form a syndicate, for the purpose of making a boring to

ascertain the depth at which the expected Coal-Measures were
to be found.

The results of the boring have a twofold interest : first, to all

people in the South-west of England they should be a warning
against the folly of expecting to find Coal-Measures at a depth

of less than 2000 feet below any part of Western Dorset ; secondly,

they are of interest to geologists, for the information which is thus

afforded as to the great thickness of the Keuper Marls in Devon
and Dorset.

It was anticipated that coal would be reached at a depth of less

than 600 feet, and when this limit was passed without success it was
decided to continue the boring to 1200 feet. At this depth it

would have been abandoned, had it not been for the interest taken

in the work by Mr. A. C. Pass, of Wootton Eitzpaine, near Char-

mouth. Thinking it a pity that the boring should be given up
without the attainment of any definite result, he found most of the

funds for extending it from 1200 to 1300 feet, in the hope that

between these depths the base of the Keuper Marls would be

reached, and the underlying sandstones would be entered. It is

also due to Mr. Pass that selections from the accumulated series of

cores have been distributed to the following museums :—South
Kensington, the Museum of Practical Geology (London), Bristol,

Exeter, Dorchester, Taunton, and Torquay.
The strata which were traversed by the boring are those known

as the Blue Lias (lower part of the Lower Lias), the Rhaetic Beds,

and the Keuper Marls. These beds are all exposed in the cliffs

along the coast between Lyme Regis and Sidmouth ; and from the

regular succession which is visible in these cliffs, anyone with a

very elementary knowledge of geology could infer what series of

beds he might expect to meet with in a boring at Lyme Regis.
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II. Description or the Coast-

Section.

Before describing the succession

which was actually found in the

boring, it will be useful to give a

brief account of the strata which are

seen in the cliffs, more especially as

the exposures of the Rhsetic Beds have

never yet been fully described. The
Liassic Beds have been dealt with in

full detail by Mr. H. B. Woodward x

;

and the Keuper Marls and Sandstones

have been described by Mr. Ussher,

the Rev. A. Irving, and Prof. Hull, in

the Quarterly Journal of the Geological

Society.

The Hhaetic Beds were briefly de-

scribed by Thomas Wright in 1864,
2

and Mr. H. B. Woodward published

notes on the exposures at Pinhay Bay
and near Culverhole Point in 1889 and
1899 3

; but no details of the exposures

in Charton Bay have yet been printed.

Mr. Woodward examined these loca-

lities in 1884, and has been kind

enough to place his notes and mea-
surements of them at my disposal.

The Blue Lias.

Starting from Lyme Regis, we find

the ' West Cliff ' composed of dark

shales in the upper part, and of an
alternating series of limestones and
shaly clays in the lower part. The
latter group is known as the Blue

Lias, and is quarried at the Cement
Works, as well as at Uplyme. Its

thickness, according to Mr. Woodward,
is about 105 feet, and it forms the

base of the cliffs westward as far as

Pinhay Bay. This group is divisible

into four zones, as follows, in de-

scending order :

—

1 Mem. Geol. Surv."',' The Jurassic Rocks
of Britain ' vol. iii (1893).

2 Geol. Mag. vol. i (1864) p. 290.
3 Proc. Geol. Assoc, vol. xi (1889) p. xxx,

& vol. xvi (1899) p. 135.
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4. Zone of Ammonites semicostatus, about 19 feet thick.

3. Zone of Ammonites Bucklandi, ,, 38 „

2. Zone of Ammonites angulatus, „ 24 ,,

1. Zone of Ammonites planorbis, from 22 to 24 „

The Amm.-angulatus beds consist of limestone and shale, in about

equal proportions ; and the Amm.-planorbis beds, of frequent lime-

stones, with only thin partings of shale : the limestones being of a

very pale grey, and some of them drying to nearly white. The
base of the Amm.-planorbis zone is marked by some thin, brown,

laminated shales, which are crowded with spines of echinoderms.

The Rhsetic Beds.

At Pinhay Bay a still lower series of limestones comes into view
;

and these are known as the White Lias, but are now separated from

the true Lias and are grouped with the Rhaetic. These beds are

about 24 feet thick, and consist of soft, white, marly or earthy lime-

stones, with thin bands of hard compact limestone ; and some of the

marly beds contain nodules of compact pale-grey limestone, which
when weathered-out impart to the rock a conglomeratic appearance.

The lowest of these beds consist of thin layers of compact bluish

and of creamy-white limestone ; but Mr. Woodward did not observe

anything exactly like the ' Cotham Stone ' or ' landscape-marble
'

which was seen by Dr. Wright at Uplyme. Some fossils have
been obtained from the upper part of the White Lias ; they include

Protocardium rhceticum, Modiola minima, Ostrea liassica, Pectm
polliLv, Pullastra arenicola, JSchizodus sp., and Estheria minuta.

On the west side of Pinhay Bay, the White Lias is thrown down
out of sight by a fault which has a throw of about 40 feet ; but
the lower part of it is seen again in Charton Bay, where Mr. Wood-
ward found near the base a thin bed of the variegated Cotham
Stone, and again at Culverhole Point, where 15 feet of it can be
seen, with impersistent layers of Cotham Stone at its base.

Below the White Lias are the Black Shales, sometimes called the

zone of Avicida contorta. These beds are exposed in Charton Bay,
but are more or less obscured by slips : they may be 30 feet thick,

and consist mainly of black papery shales and black shaly clay, with
one or more thin layers of grey limestone.

The Phsetic Beds are exposed again near Culverhole Point, and
more or less of all three divisions are here visible. Mr. H. B. Wood-
ward gave an account of this section in 1899 (Proc. Geol. Assoc.

vol. xvi, p. 135), and stated the thicknesses as follows :
—
Feet inches.

White Lias, with impersistent masses of Cotham Stone
atthebase about 15 8

B 1 a c k S h a 1 e s, with a bone-bed at the base „ 18
Green Marls, with bands of marly limestone and black

clay 30

He mentions, however, the existence of ' slight faults, some of

which appear to be due to landslipping '
; and I am inclined to

think that the White Lias has here slipped over the upper part of
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the Black Shales, so as to make the thickness of the latter appear

less than it really is.

The ' bone-bed,' at the base of these shales, is not always to be

seen ; but Mr. Woodward's notes describe it as consisting of one or

two layers of black calcareous grit, containing small pebbles of

quartz, with bones, teeth, and coprolites of fishes. Among them
Gyrolepis Albcrti, Saurichthys ajpicalis, Acrodus, Hyhodus, and
Lepidotus have been identified.

Above the bone-bed are black shales, with some thin laminae of

micaceous sandstone containing Pullastra arenicola; and still higher

are shales with Avicida contorta, Protocardium rhceticum, Pecien,

valoniensis, Anatina prcecursor, and impressions of Pleurophorus,

Modiola, and other bivalves.

Below the ' bone-bed/ which is considered by some writers to be

the base of the Bhaetic Group, are the ' tea- green marls,' which are

now regarded by Mr. Woodward and others to belong to this group,.

and to be separable from the Keuper Marls. These greenish-grey

marls are well exposed, both at Charton Bay and at Culverhole Point;,

and, according to Mr. Woodward's measurements, their thickness is

from ^30 to 34 feet. The highest bed is a greenish-grey calcareous

marl, which forms a thick band 9 or 10 feet thick. Below this are

grey marls in regular beds, separated by seams of black marl and
some layers of grey marly limestone ; these have a combined thickness

of 12 or 14 feet. Below comes another band of greenish marl,

8 feet thick, followed by 2 feet of grey marls with dark seams.

No fossils have been found in these beds in Devon ; but at

Watchet, in Somerset, Pecten valoniensis, Protocardium rhceticum ,.

and other fossils of Bhaetic species have been recorded from

them. 1 The above-mentioned grey and black marls may be

regarded as the base of the Bhaetic Group, because no black shales

occur lower down ; but pale-grey and green marls, with hard

calcareous bands, continue for about 18 feet, and terminate with

a band of hard grey marl or marly stone : so that it is difficult

to say which horizon should be taken as the better base.

The Keuper Marls.

If the lower of the two horizons above indicated be taken as the

base of the Bhietic, the highest beds of the Keuper, as seen in

Charton Bay, consist of soft grey marls passing down into alter-

nating beds of red and greenish marl. These beds are seen again

at Culverhole, where they pass down into red and variegated marls,

a considerable thickness of which is exposed in the lower part

of Haven Cliff', east of the mouth of the Biver Axe.

From Axmouth westward the Keuper Marls form the substratum

of the whole country bordering the coast-line, as far as the valley of

the Sid ; and they are exposed in the lower part of the cliffs, for the

greater part of the distance between Haven Cliff and Sidmouth.

West of Seaton a cliff of red marl, which in places is somewhat

1 W. Boyd Dawkins, in Quart. Journ. Geol. Soc. vol. xx (1864) p. 39G.
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sandy, extends as far as Seaton Hole, where it is faulted against the

Selbornian Sands. The great syncline of Beer Head carries the Trias

far below sea-level ; but the red marls appear again near Branscombe
Mouth, and rise gradually westward, lower beds successively emerging
from the shore into the cliff as one travels in that direction. Fine

sections of the lower beds can be seen by walking along the shore

at the base of Weston, Dunscombe, and Salcoinbe Cliffs : the beds

under the first two consisting of red marls, with veins and layers of

gypsum, which is sometimes white and sometimes pink.

The lower beds of the Keuper Series have been described by the

Rev. A. Irving, from wrhose accounts 1 the following appears to be

the vertical succession east of Sidmouth :

—

Feet.

Hed and green gypsif'erous marls seen for 150
Pale-grey sandy marl ; a continuous bed 2
Hard, splintery, red marls, with many calcareous con-

cretions (potato-stones) and thin beds of grey sandstone
at intervals 150

Massive beds of grey sandstone, with subordinate beds of

red and variegated marl 60
Coarse grey sandstone, with strong current-bedding 13
Hard calcareous breccia 2

It is a question whether the marls with thin beds of sandstone
should be grouped with the Keuper Marls, or with the Keuper
Sandstones. Dr. Irving does not venture an opinion ; but, for the

purposes of this paper, it will be convenient to class them with the

Marls, leaving the Sandstone Group a thickness of only 75 feet.

With regard to the total thickness of the Keuper Marls above
the Sandstone Group, no exact measurements are possible along the

coast, because of the frequent landslips in the Weston and Brans-
combe Cliffs, as well as the Beer syncline and the fault at Whitecliff.

The distance from Sidmouth to the point where the red marls pass

below the Rha3tic Beds is about 8 miles ; and in 1876 Mr. Ussher
made a rough estimate of the thickness by allowing a deduction of

3 miles for the Beer syncline, and assuming a constant dip of 3° for

the remaining 5 miles. This gives a thickness of 1350 feet; but
he considered that to be an outside estimate, and expressly says that

inland the marls are not more than 1 000 feet thick.

The objections to Mr. Ussher's method are that the dip is not

constant, and that his allowance for the Beer syncline is altogether

arbitrary. It has occurred to me that another method might be
feasible; for, if the difference between the dip of the marls and that

of the overlying Greensand could be ascertained, we might well

assume that the dip of the marls prior to the deposition of the

Cretaceous Series was fairly constant for the whole distance of

8 miles. Thus, if the dip from the basal Cretaceous plane was 1|°,

the thickness of the marls would come out at nearly 1100 feet; and
if the dip was 2°, their thickness would amount to 1478 feet. We
shall see in the sequel that it is certainly more than 1100 feet.

1 See Quart. Journ. Geol. Soc. vol. xliv (1888) p. 149, & vol. xlviii (1892)
p. 68.
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III. Description of the Boring.

The site of the boring is in the valley of the stream which enters

the sea at Lyme, at a spot about a mile north-west of Lyme and
about half a mile east of Uplyme, close to the boundary-line

between the counties of Devon and Dorset. The level of the

surface is about 140 feet above Ordnance-datum. The work of

the boring was carried out by Messrs. Vivian's Boring & Ex-
ploration Company. The diameter of the upper part of the boring

down to 200 feet was 6 inches, then to 550 feet it was 5| inches

;

it was thereafter narrowed to 4^- inches, and again at 700 feet

it was reduced to 4 inches, and carried to 1300 feet without

change.

The following is a detailed account of the strata passed through,

abbreviated from the particulars with which I have been furnished

by Messrs. Vivian, supplemented by some supplied by Mr. G. Hay-
craft, who superintended the boring on the spot. I have added

notes of such samples as have been seen, either by me or by Mr. H.
B. AVoodward.

Thickness. Depth.
Feet inches. Feet inches.

Soil, gravel, and flints 10 8 10 8
Pale-grey limestones 10 20 8

Soft blue shale and a bed of limestone 1 foot

thick: sample of grey earthy limestone (at 22
feet) seen 3 23 8

' White Lias' limestones, with partings of shale:

sample from 30 feet a compact grey limestone . 14 G 3S 2
Blue shale, with two thin layers of limestone ... 3 3 41 5
• White Lias' limestone 7 10 49 3
' White Lias ' limestone, with shaly layers: sample

at 50 feet a grey earthy limestone, with some
fish-scales 27 76 3

' White Lias' limestone with shaly layers: sample
from 80 feet a hard whitish limestone, breaking
along faces which are full of small crystals of

iron-pyrites ; sample at DO feet a pale-grey fissile

limestone ; sample at 95 feet a hard compact
white limestone 18 10 95 1

Green marl : sample from 96 feet pale-grey, shaly,

calcareous marl ; sample from 100 feet a hard,

compact, smooth grey marl, very calcareous ... 6 2 101 3
Park -blue shale: sample marked 101 a black

shaly clay, with Avicula contorta and Proto-

cardium rkceticum 3 104 3
Grey limestone : sample from 1044 feet a pale-grey

limestone, with casts of univalve and hivalve

shells and much calcspar 7 104 10
Dark-blue shale with fossils: sample from 114 feet

a black shaly clay with Avicula contorta 9 6 114 4
Grey limestone 6 114 10
Dark-blue shale : sample from 120 feet a dark

shale with Avicula contorta
; sample from 127

feet a black shaly clay without fossils 18 10 133 8

Grey limestone and shale 1 6 135 2
Dark-blue shale and marl 10 4 145 6



Vol. 58.] A DEEP BOEING AT LYME REGIS. 285

10

* Dark-blue shale '
: sample from 156 feet a light-

grey argillaceous marl, hard, heavy, and com-
pact ; sample from 160 feet a grey marl, rather

darker

Green shale or marl
Grey limestone

Green marl: sample from 212 feet a pale-green

marl, hard and but slightly calcareous

Red and green marls: samples from 240, 270,

280, 281, 284, & 297 feet, all red, greenish,

or spotted marls, highly calcareous, with

conchoidal fracture 82 6
Red and green* marls, with gypsum : sample from
330 feet a variegated greenish-grey and red

marl with gypsum ; sample from 345 feet a

red marly clay with grey spots, not calcareous,

some gypsum , 118 10

Red and green marls, with eight beds of gypsum,
from 1 to 14 inches thick : samples from 440,

441, 460, 464, 480, 487, & 490 feet, all hard
red or grey clays, except 480, which is a red

sandy clay with much white mica 127 1

Red and green marls, with many layers and beds

of gypsum from 2 to 16 inches thick : sample
from 600 feet, of solid white crystalline gypsum. 66

Red and green marls, with fewer beds of gypsum
(seven layers, from 2 to 9 inches thick) 119

Grey siliceous marl
Red and green marls, with gypsum 97
' Grey marly limestone,' probably a hard cal-

careous marl : no sample seen 1

Red and green marls, with gypsum 12
4 Grey limestone '

: sample from 842 feet a com-
pact fine-grained calcareous sandstone, con-

sisting chiefly of fine, pale-red sand, with
lenticular patches of rather coarser sand, both
effervescing with acid 1

Red and green marl, with gypsum , 4 6
• Grey limestone,' probably a calcareous sandstone 1

Red and green marls, with gypsum : sample from
850 feet a hard, variegated, sandy marl, effer-

vescing with acid, and containing some large

grains of quartz 14 6
' Grej*- limestone ' : sample from 863 feet a grey

calcareous sandstone (like the coarser part of

that from 842 feet), with an included patch
of clear yellowish crystalline gypsum 1 3

Red and green marls with gypsum, including two
3-inch layers of gypsum : sample from 884 feet

a dark red silty clay (not a marl) ; sample from
900 feet a core of fibrous gypsum enclosing

a lenticular layer of grey clay 94 8
' Blue marl with gypsum ' 5
1 Brown and blue marls with gypsum '

: sample
from 1000 feet a dark-red clay, showing glisten-

ing slickensided surfaces and some strings of

fibrous white gypsum ; sample from 1017 feet a
dark-grey, compact, soapy marl (calcareous) ... 53 7

Brown and reddish marl, with gypsum 14

Thickness.

Feet inches. Feet

spth.

inches

21 9
5

6

167
172
172

3
3
9

42 1 214 10

297

416

543

610

11 730
6 730 6
5 827 11

828 11

10 841 9

842 9
847 3
848 3

862 9

864

958
963

1017 3
1031 3
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Thickness. Depth.
Feet inches. Feet inches.

' Grey limestone '
: no sample seen 1 6 1032 9

Blue, brown, grey, and red marls: sample from
1050 feet a light-grey marl, somewhat cal-

careous 18 6 1051 3
Dark-blue marl, with gypsum : sample from

1056 feet a greenish-grey marl 10 6 1061 9
Blue and red marls, with gypsum : small sample
from 1077 feet is a hard argillaceous limestone,

with a vein of black substance (? manganese-
oxide), perhaps a concretion ; sample from
1100 feet a fine red sandy marl 39 1 1100 10

Dark-red and blue marl, with gypsum : sample
from 1115 feet a hard dull-red clay, and one
from 1130 feet massive, white, crystalline

gypsum; sample from 1150 feet a hard red
and variegated clayey rock 60 9 1161 7

Bed and blue marls, with gypsum : samples from
1200, 1213, 1230, 1237, & 1250 feet all hard,

fine, silty and micaceous clays, those from 1213
& 1230 feet grey, the others red ; that from
1213 contains a thin seam of hard grey sand... 93 9 1255 4

Bed and green marls, with gypsum : sample from
1300 feet a hard, red, fine-grained, sandy clay

or argillaceous silty stone 46 8 1302

IV. Remarks on the Classification of the Beds.

There can be no doubt that the limestones and shales traversed in

the first 70 feet form part of the 'Blue Lias 'and belong to the zones

of Ammonites Buclclandi, Aram, angulatus, and Amm. planorbis.

The true ' White Lias,' or Upper Rhaatic, probably commences
between 72 and 76 feet, for in the coast-sectiou (see p. 280) more
than 20 feet is referred to this division ; these white limestones

extend to just over 95 feet. The boring then entered the shales of

the Avicula-contorta zone, and these appear to extend to the depth

of 133 feet 8 inches, having a thickness of more than 38 feet.

Grey marls with thin limestones follow, but unfortunately I have

not been able to see many samples of these beds. From the record

of the boring, grey shales and marls seem to have been met with
down to 167 feet. Then comes what is described as 'green shale,'

below which is a thin bed of 'grey limestone': of this I have not

seen a specimen, but if really a limestone it would form a con-

venient horizon to take as the base of the Rhoetic Group. If the

base of this group be taken at the higher limit, the grey marls are

33^ feet in thickness, which corresponds very closely with Mr. Wood-
ward's measurements in the coast- section : if the Rhsetic marls

include the limestone, their thickness is 39 feet ; and the total

thickness of the Rhaatic Group will then be nearly 100 feet.

The boring then entered green and red marls that are undoubtedly

of Keuper age, and for a depth of about 125 feet these are without

gypsum. Then the usual gypsiferous series was met with, the gypsum
in the higher beds occurring only in veins and strings, but lower down



Vol. 58.] A DEEP BOEING AT LTME REGIS. 287

many layers and beds of gypsum were traversed, varying in thickness

from a few inches to more than a foot.

At a depth of 730 feet a 'grey siliceous marl' was noticed,

meaning probably a fine sandy clay ; and at 828 feet a bed termed

a ' limestone ' was met with, but no sample of either of these beds

has reached me.

Between the depths of 840 and 864 feet three beds of grey

calcareous sandstone were traversed, each from 12 to 15 inches

thick, and separated by beds of red and grey gypsiferous marl. It

might have been supposed that these represented the alternations of

sandstone and marl which are seen in the lower 150 feet of the

Keuper Marls near Sidmouth ; but if they had been, the Keuper
Sandstones (75 feet), the coarse Bunter Sandstones (300 feet), and
the Budleigh Salterton Pebble-beds (80 feet) would have been
found below. Instead of any of these, another thick series of red

and variegated marls and clays was found to lie below, and to

continue for more than 400 feet.

It is highly improbable that the Bunter Sandstones and Pebble-

Beds should have thinned out entirely between Sidmouth and Lyme

;

and, further, it is impossible to correlate the lower marls of the Lyme
boring with the marls which underlie the Budleigh Beds, because

the former are gypsiferous throughout, while the latter do not

contain gypsum.

"We are, therefore, obliged to conclude that the calcareous sand-

stones are simply sandy beds intercalated in the Keuper Marl
Series ; and there is nothing very remarkable in the fact of such

intercalation. Indeed, there appear to be similar beds near

Taunton and North Curry in Somerset ; for Charles Moore noted the

occurrence of thin beds of dull-grey and brown sandstone in

the lower part of the Keuper Marls near Ruishton and North
Curry, about 60 feet of marl being exposed below them at the

latter place.
1

Among the samples from the lower 150 feet traversed by the

Lyme boring, there is nothing which can properly be termed a

sandstone : because, though fine sand is undoubtedly a constituent

of some, it is so fine and so mixed with argillaceous and micaceous

matter, that to call the rock a sandstone would convey an erroneous

idea of its character. Some of the beds might be called ' silt-

stones,' having originally been silty muds, but others are simply

hard clays ; and the bed in which the boring ended at 1302 feet is

a hard, dull-red, silty clay, containing many glistening flakes of

silvery mica.

I am, therefore, forced to conclude that the boring did not reach

the beds which near Sidmouth form a passage from the Keuper
Marls to the Keuper Sandstones ; that the depth of Keuper Marls

proved by the boring is about 1130 feet; and consequently that

the total thickness of these marls must be greater than that amount.
If we add to these figures the thickness of the passage-beds near

1 See Quart. Journ. Geol. Soe. vol. xvii (1861) p. 486.
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Sidmouth (150 feet), we have 1280 feet ; and as the first sandstone

of these beds may well be 20 feet below the point where the boring

ended, we shall not be far wrong in assuming that the total

thickness of the Keuper Marl Series in Eastern Devon is about

1300 feet.

In conclusion, I append an abstract account of the boring, showing
the several formations through which it passed :

—

Thickness. Depth.
Feet inches. Feet inches

Soil and gravel . 10 8 10 8
Blue Lias probably 62 4 73

White Lias do. 22
38
39
124

1

7

1

7

95
133
172
297

1

RhjEtic Beds. Black Shales do. 8
Grey Marls do. 9

'Marls, without gypsum 4
Marls, with veins of gypsum ... 118 10 416 2

Clays, with beds of gypsum ... 313 10 730
Keuper Marls, Gypsiferous marls, with three

1129 feet < beds of calcareous sandstone 134 864
3 inches. Hard clays and marls, with

gypsum 297 7 1161 7
Hard silly and micaceous clays,

with some gypsum 140 5 1302

It may be added that, after the boring had been completed and the

boring-appliances removed, water began to flow from the borehole.

This proved to be a large and constant supply of water, which is

now led by a pipe into the adjacent brook. I am informed by
Mr. A. C. Pass that the height to which the water would rise was
found to be 20 feet above the surface of the ground.

Discussion.

The President said that all geologists welcomed the careful

description and publication of sections of boreholes sunk in our

sedimentary formations, and this was one of more than ordinary

importance. While no geologist, probably, would have recom-

mended this borehole from the economic point of view, its failure

as a commercial speculation by no means detracted from its value

from the scientific aspect. Nor should it ever be forgotten that,

even from the economic side, these so-called ' failures ' had an im-

portant negative value, in the fact that, as in the present instance,

they brought home to the minds of the engineer and the speculator an

easily understood demonstration of the reliability of geological fact

and deduction, which was certain to remain long in their memory,
and might lead them to seek geological help in such cases in the

future.

Mr. Hudleston said that he felt a local interest in this paper,

having inspected the cores which were deposited in the Dorset

County Museum. Hopes had been expressed that coal might be

found in the county, and the public were greatly indebted to the
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gentlemen who had carried out this scheme. Unfortunately, the

prospects of finding coal here were not good. The thickness of

the Upper Keuper Beds was about what might have been expected
;

and if the boring had been continued we should have learnt something

about the Keuper Sandstones (Ottery Beds), and possibly even the

Budleigh Salterton Pebble-Bed might have been proved. But sup-

posing that the borehole had penetrated the entire Mesozoic column,

what would the prospectors have found when they reached the

Palaeozoic floor? The Radstock coalfield was some 45 miles from
Lyme in a northerly direction, with the Mendips intervening, and
the Exeter beds some 30 miles to the westward. Hence it was
probable that the Culm-Measures of Devon were more likely to be

found at Lyme than the Coal-Measures of Northern Somerset.

Turning to the section on the screen, he commented on the

increased thickness of the Rhaetic as compared with the development

at Pylle Hill (Bristol), where Edward Wilson had assigned 16 feet to

the Rhaetic as restricted by him. He also enquired what palaeonto-

logical evidence there was for placing the grey or tea-green ' marls '

in the Rhaetic Series, contrary to the conclusions of that author.

He furthermore criticized the use of the term ' marls,' as applied to

the Keuper of this area. Most of the cores from that formation in

the Dorchester Museum had been tested, and no carbonate of lime

had been found.

Mr. H. B. Woodward, replying on behalf of the Author, said

that the fossils from the grey and tea-green marls of Watchet
were the Mtcrohstes found by Prof. Boyd Dawkins and Geruillia

recorded by Mr. Etheridge. It would no doubt be a satisfaction to

have further discoveries in these marls ; but at Gold Cliff, in Mon-
mouthshire, there was a bone-bed with Rhaetic fish-remains in the

Green Marl below the Black Shales. There and in South Wales
Mr. Strahan had taken the base of the Black Shales as the lower
limit of the Rhaetic Beds, because it was the sole apparently-

persistent plane of division. At Lyme Regis there were dark
clayey bands in the Grey Marls, which foreshadowed the Black
Shales ; and there was no doubt that these marls formed passage-

beds between the Keuper and the Rhaetic.
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I. Introduction.

The remarkable deposits, consisting of large angular and rounded
stones, that skirt the western shores of the Moray Firth, on either

side of Helmsdale, have already attracted the attention of two
eminent geologists.

Sir Roderick Murchison, who was the first to describe them in

1820,' considered them to be the result of the upheaval of the

neighbouring granite. This upheaval of the granite, in his view,

broke up the Jurassic rocks along its south-eastern border, and
scattered their fragments haphazard in the neighbourhood of the

fault. In the phraseology of some modern writers he considered

them to be crush-conglomerates, but his own name for them was
* brecciated beds.' This name and his explanation assumed the

exclusively Jurassic age of the fragments, and both were therefore

rendered untenable by the discovery in some of these fragments of

Old-Red-Sandstone lish-remains.

Prof. Judd, who, in 1873,2 first determined the general age of the

rocks as Upper Jurassic, and described them in far greater detail,

would not bind himself to any definite theory of their origin, but

hoped that at some future time the question would be elucidated by
the discovery of analogous phenomena elsewhere—a hope which the

present communication aspires to fulfil. Meanwhile he suggested

as the most probable hypothesis at that time, that the blocks com-
posing the breccia had been carried by floods in a large river that

did not reach the sea-shore in the form of a glacier.

At the present time, the only possible explanation before the

world is still that given by Prof. Judd, who, whatever modifications

his hypothesis may require, has clearly laid the following foundation

of fact :

—

1 Trans. Geol. Soc. ser. 2, vol. ii, pt, ii (1827) p. 293.
2 Quart. Journ. Geol. Soc. vol. xxix (1873) pp. 97-195.
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(1) The breccias are contemporaneous, that is, were deposited at the 'sanv;

general period as the surrounding strata
;

(2) None of the fragments have been observed to be striated, but several are

rounded
;

(3) The age of the series containing the breccia-beds is exclusively Upper
Jurassic

;

(4) The age of the fragments is that of the Old Eed Sandstone

;

(5) A strip of this rock occurs, in situ, to the south of Helmsdale, between
the granite and the Upper Jurassic rocks ; and

(6), confirming Murchison, the granite is separated from the rocks to the

east of it by a fault.

To base on these facts any more definite explanation of the mode
of formation of the breccias, required some more detailed observations

on them, combined with further knowledge of some agency at that

time little understood.

The further observations necessary are in part suggested by the

facts already obtained, and should be directed to the determination

of the following :

—

(1) What is the relation, if any can be found, between the breccia-beds and
the Old Eed Sandstone in situ ? and

(2) How are the breccia-beds distributed among the ordinary strata that

form the presumably long series of Upper Jurassic rocks ?

We might also hope that some hitherto unexpected feature would
be discovered which in itself would suggest the method of formation.

On the other hand, the most hopeful direction in which to seek the

little understood agency is among the phenomena of ice.

II. The Inlier of Old Red Sandstone.

In relation to the first of the above questions, I was fortunate

enough, on a visit to the district in the spring of 1900, to observe

what appeared to me a very remarkable phenomenon, though it does

not appear to have been fully noticed before.

On the reefs a quarter of a mile due south o£ Port Gower, at

extreme low water, stands up a long jagged crest, which at this

time of the tide is singled out from the remaining rocks by showing-

nearly vertical stratification, while all around nearly horizontal beds

are seen. On a closer approach it is perceived that the jagging of

the crest is due to breaking-off at different heights of the ends of the

thin strata of which it is composed ; and, on reaching the mass itself,

these strata are found to be hard, micaceous, and of a somewhat
purplish tint, having the character of the Caithness Flags, and,

therefore, like many of the breccia-fragments. (See fig. 1, p. 292.)

The length of this crest is divided by the least elevated portions

into two or three divisions, and extends seaward about 60 yards.

Transversely it is about one-third as broad as this, and the height

is between 30 and 40 feet on an average. As may be seen by the
discoloration of the rocks, the ridge or stack is nearly covered at

high water, which must be the reason why it has not previously

been noticed, unless the brief reference by Prof. Judd to a remark-
able example of a transported block ' found on the shore opposite

Port Gower ' applies to this. It must have been nearly covered by

Q. J. Gr. S. No. 230. x
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the tide at the time of his visit to this particular spot, or he would
have described it in detail instead of a much smaller piece. On all

sides it is surrounded by large blocks of rock resembling the material

Fig. 1.

—

Inlier of Old Red Sandstone, with the beds nearly vertical,

standing in the midst of Upper Jurassic rocks, with the beds

nearly horizontal, on the shore near Port Goiver.

[From a photograph.]

of which it is composed, but embedded in nearly horizontal Upper
Jurassic shales.

.But can this be a transported block? I do not think it possible.

It is more than forty times the size of any other isolated mass in

the district, and would require the maximum transporting force.

Its base must be some distance below the surrounding breccia-beds
;

but there is no sign of anything extraordinary in the beds which
underlie these. I shall, therefore, take it as indubitably in situ.

Admitting this, the whole aspect of the question as to the source

and origin of rhe breccia-beds is altered, and a fresh start must be
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made. No river need have brought} the fragments from afar—their

source may be here at hand.

We see in this mass a kind of sea-stack, standing on a broader

rocky base at no great distance below. It is a Jurassic ' Old Man
of Hoy ' or ' Duncansby Stack,' but with its stratification vertical,

Yig. 2.—Interbedded breccia-beds at the entrance to Gartymore Barn,

separated by thick bands of shale.

[From a photograph.]

therein resembling more closely the ' Needles ' off the Isle of Wight.

Like all sea-stacks, it would stand not far from a lofty rocky shore

—

the cliffs being formed of "the same material as the stack, that is, of

the Caithness Flags. Xow, such cliffs are actually near at hand,

in the strip of these rocks discovered by Prof. Judd between the

Upper Jurassic and the granite. Thus, if we conld clear away the

intervening Jurassic deposits, blocks and all, we should have here a

relic of the Old Jurassic shore. It may have been up and down
since then, but has finally settled only a little higher than in its

original position. This cliff, where nearest to the sea-stack, about
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400 yards distant, has now a summit-height of about 140 feet

above the present highest point of the stack, which is all the

information that we can obtain about it here.

About half a mile to the north, however, is the opening of the

gorge of Gartymore Burn, of which a general section is given in

Prof. Judd's memoir. In this gorge we have a complete view of

the relations between the breccia-beds and the Caithness Flags. At

Fig. 3.

—

Breccia-bed overlying Jurassic shale, close to the junction

with the Old Med Sandstone, Gartymore Bum, in a much
thicker mass.

[From a photograph,]

the'mouth of the gorge is seen the section represented by Prof. Judd's

fig. 16,
1 of the correctness of which as a diagram the photograph

(fig. 2) reproduced on p. 293 bears witness. The rise towards the

land is doubtless the result of later tilting, at the time when the

granite was pushed up, and dragged with it some of the adjacent

strata.

1 Quart. Journ. Geol. Soc. vol. xxix (1873) p. 191.
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It will be seen that the lowest breccia-bed, though the thickest

here seen, has considerable masses of uniform shale or clay, both

above and below. As we pass up the gorge this band of breccia

thickens somewhat, until it meets with a discontinuity, or small

fault, on the other side of which is a breccia-band of much greater

thickness—traceable as far as a small reservoir, where it occupies

the whole overhanging slope (fig. 3, p. 294), and is seen to include

Fig. 4.— Waterfall on Gartymore Bum, showing the sides of the

gorge composed entire!)/ of hrolcen-up Caithness Flags.

[From a photograph.]

some large rounded stones : some portion also shows signs of strati-

fication like a bed of solid grit, which is lost among the fragments.
At the upper end of the reservoir two streams unite: that to the

south has its sides entirely composed of great angular masses of,

presumably, Caithness Flags ; and that to the north is of the same
character, though less clearly seen at a distance (fig. 4). The rocks

exposed on this side are practically continuous with those last seen.

for the wall in fig. 3 ends with the post seen in fig. 4. The breccia,
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talus, fault-rock, or whatever we may choose to call it, is seen to-

go to the top of the waterfall and to continue to the base, making
the surface irregular throughout.

We are here able to trace continuously the Jurassic rocks to their

junction with the Caithness Flags, and to see them apparently
passing into the fragments of the latter, just as we might trace the

mud of a sea-bottom passing by stages into the debris which has

accumulated at the base of a modern cliff. If we should imagine

a fault where the streams join, or consider the fragments forming

the sides of the divided gorge to be a fault-breccia, it will not alter

matters much : it would merely be changing one part of the

Caithness Flags for another, or a mass of broken-up rock for the

solid one. We cannot get over the fact that masses full of the

fragments of a given rock are interstratified with the shales, and
that the breccia-beds thus produced can be traced increasing in

thickness, till they come into contact with a mass composed entirely

of the same fragments, beyond which at last we come to the solid

rock. Whatever was the cause of this phenomenon, it was a

recurrent cause, as there are at least three of Ihe breccia-beds at

the mouth of the gorge, as seen in fig. 2 (p. 293).

All this is exactly what we might expect if we were here actually

looking at the talus and deposits at the base of a cliff of Caithness

Flags to which the sea-stack was subsidiary. If this be so, there

ought to be some relation between cliff and stack in the way of

strike and dip. The question is. what relation should we expect?

Now, when masses of rock are separated in this way, it may be

either along bedding-planes when these approach the vertical, as-

in the case of the Needles : or. more commonly, along joint-planes

when the beds are horizontal, as in tho case of the stacks of

Duncansby. Under the latter conditions, the dip and strike of the

mainland rocks are practically indeterminate. But these Caithness

Flags seem to be specially liable to overhang towards the sea, as

shown in fig. 160 of Geikie's ' Text-Book of Geology ' p. 434
(ed. 18^2). When this is the case, any portion separating along a

joint-plane will sooner or later heel over ; its strata will have a

high dip seaward ; and the strike will be parallel to the direction

of the joint, and so approximately of the cliff. This is exactly the

case with the Port-Gower stack, and also with the other mass at

Allt-a-ghruan described by Prof. Judd. All this, of course, has

reference to the time previous to the production of the dips in

the Jurassic rocks, and to the formation of the breccias.

In Jurassic times both the granite and the Caledonian Series were
deeply buried, and the Caithness Flags did not form a mere strip, as

now, but extended widely both westward and northward, probably

forming the coast-line for a long distance to the north-north-east.

On the south, however, they are cut off at a sharp angle, indicative-

of a fault transverse to the later post-Jurassic one. Its direction

is possibly indicated inland by the straightness of the geological

boundary-line drawn in its neighbourhood, and by the change of
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general dip in crossing this line. If it exists it must be pre-Jurassic,

as the sequence of that series is very slightly interfered with on the

shore. The boundary-line thus created runs a little south of Lothbeg,

beyond which no Caithness Flags have been observed. This boundary
is also very nearly that of any possible breccia-beds, which commence,
as will be presently seen, a little north of the same place. Hence
the local flags and the breccias are so far bound together, whatever

it may be worth, by community of limit.

So much then for the relations of the Caithness Flags in situ to

the sea-stack and the fragments in the breccias.

III. The Distribution oe the Breccia-Beds in the Upper
Jurassic Series.

Commencing at the south, we find the basal sandstones of the

Upper Jurassic Series at Allt-na-cuil, with conglomeratic portions,

containing Lower Kimeridgian fossils, such as Ostrea deltoidea.

The next succeeding recognizable horizon is found at the Lothbeg
cutting. Here, at the bottom and sides of the railway-bridge, are

massive grits with patches of black shales, which represent no doubt
the uppermost portion of the lower beds. These are followed by
two alternations of bands of shale and massive grit, above which is a

thicker series of shales, yielding Cardioceras alternans and Belemnites

spwularis in abundance, and thus indicating the recognizable horizon

of C. altemans. The bands of grit here are perfectly normal, they

have a gentle dip in a northerly direction, and there is no sign of

brecciation.

The lowest grit-band seen at the railway-bridge keeps the shore

as far as Craigie Point, on turning which we find on the scars

indurated thin bands, 1 inch and less in thickness, with very little

indurated grit; but the fossils are Cardioceras altemans and Aucella

Pallasi (?=Avicula vellicata). These are in the line of strike

determined at the bridge.

'Passing northward, we have a considerable interval to traverse

before scars again appear ; though when they do, the strike of the

beds exposed is the same as before, but they are more sandy. They
are not, however, repetitions of the lower grits of Lothbeg, as

represented on the Survey Map, being soft and white, or with very

carbonaceous intervening shales, almost as black as coal ; and, more
particularly, they are not followed by O.-altemans beds, but by
fossiliferous shales, characterized by the presence of Hoplites eudoxus
or one of its allies, the horizon of which is near the base of the Upper
Kimeridgian in Kimeridge Bay. In these shales the strike can be
seen and traced continuously nearly parallel to its constant direction,

only changing by the thickening and thinning of the lenticles of

grit. Above and with the Hoplites-Bhales are the most abundant
remains of leaves, ferns, etc. Everything here seems perfectly

regular, without any disturbance or break. The whole might be,

in general, matched in Kimeridge Bay itself.
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It is at the next prominence, north of Craigie Point, that the

first sign of anything like a breccia-bed occurs. On reaching the

first corner the strike is observed suddenly to change through nearly

a right angle, and consequent confusion sets in. At the farther,

more easterly, corner the reason for this appears. Here stands

Fig. 5.-^Projection of breccia from the midst of Jurassic shales

forming the promontory next north of Lothbeg,

[From a sketch.]

Fig. (J.

—

Plan of the mass of breccia and surrounding ordinary strata

at the promontory next north of Lothbeg.

a remarkable nose-like projection composed of a breccia of large

angular stones (fig. 5). On the land side it is an irregular conical

mass, but towards the sea it has been worn away and exposes a

section of the breccia, which continues as far as low tide. How
much has been worn away I cannot say; but, to judge from the size

of the base, the part remaining on the land must be only a small
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fragment of the original. Round the centra] core of breccia the

ordinary strata form semicircles, all overlying it at the edge, and

dipping away from it at the circumference (fig. 6, p. 298). This

is well shown by the occurrence of a hard band in their midst, and

having a band of shale between itself and the breccia. The stones

in this breccia are hard false-bedded sandstones, not to be matched
among the strata below. After passing this obstacle the strike and

dip return to their normal direction, and the Hoplites and plant-

remains reappear.

Whatever explanation we may give of these phenomena, it must
be such as takes account of the extremely local character of this

mass of breccia, the slight general disturbance which it occasions,

and the dissimilarity of the fragments to the ordinary Jurassic

rocks of earlier date in the district. It seems to me to be best

accounted for as a buried sea-stack broken up by the waves, or

a collection in any other manner of fragments of more ancient

rocks—by means, it might well be, of a raft of ice. The dis-

turbance produced by its presence is not more than can be accounted

for by the sinking of the soft shales, etc., on consolidation, and the

resistance which the hard mass would oppose to subsequent general

earth-movements.

From this neighbourhood northward to Garty Point, I have not

been able to make any observations along the shore. At that point

Prof. Judd draws a fault, to the south of which he brings the

Caithness Flags down to the coast-line ; and certainly immediately

beyond the Point we find a repetition of the beds that we have seen

before, north of Craigie Point. But here their strike is changed to

about north-north-east and south-south-west, which has the effect

of bringing them nearly parallel to the shore which runs in a

north-easterly direction, and of spreading them out over long reaches,

with very slow changes towards Helmsdale.

The lowest beds seen opposite Midgarty Burn are the Cardioceras-

alternans clays, which on the shore and in the cliff are full of that

ammonite; and they are surmounted by a strong bed of grey nodular

grit, which stands up in crags. A broad stretch of shore with masses

of soft yellow sandstone, and black sands here and there, interferes

with the visible succession of the rocks ; but on the farther side the

heds seem to continue the series without much change.

Here we meet for the first time a new feature of great importance.

Hitherto all the fossils met with north of the Loth Eiver have been
autochthonous, but here they are heterochthonous, and have been
heaped up in masses of thick calcareous shells such as Rhymhonella
Sutherlandm of great size, Perna quadrata, and many others,

including an ammonite like Perisphinctes mosquensis, but obscure.

Such shells as these, with a speckled matrix, are mingled with large

angular pieces of rock, and aggregated together into a heap forming
an outstanding boss on the shore. This is the beginning of the

breccia-beds on the north side of Garty Point. The agent that

collected these shells was obviously entering upon virgin soil and
soon exhausted it, for in the upper part there are fewer calcareous
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organisms, and the containing grit is hollowed out where they have
been dissolved.

These grits and aggregates are soon replaced again by black and
white banded shales, wheuce plants have been obtained and
ammonites of the type of BopUtes eudoxus. We are here, therefore,

on nearly the same horizon as we were, when the patch of breccia

was seen between Garry and Craigie Points, that is, between the

horizons of Cardioceras alternans and BopUtes eudoxus.

The second series of brecciated bands is that of which the higher

portion surrounds the inlier. The brecciation here is on a larger

scale, and the fragments are more irregularly placed, while the

associated shales, if such they can be called, include several bands
of comminuted organisms, in some cases almost entirely composed
of echinoderm-spines. The fragments at the base of the inlier

are larger than elsewhere, and make up a greater proportion of the

whole bed ; but there is very little irregularity, as may be seen in

rig. 1 (p. 292), and the underlying bands of breccia or shale show
nothing different near the inlier from their appearance elsewhere.

Beyond the inlier we return again to uniform shales, though the

strike of the beds is such that we do not rise much in the series but
continue in the BopUtes-heds for a long way, which here contain a

belemnite and a Perisphiwtes (like Pedlasi, usually called Ammonites
biplex). The first repetition of breccias after this appears to be

connected with the beds seen at the entrance to Gartymore Burn
(fig. 2, p. 293), which can be traced on the shore, where they may
be expected, from their lie and position, to be found. One of them
swells out to a thickness of 10 feet by the fragments of foreign

rock, among which are included here numerous masses of Isastraa

oblonga, thrown anyhow and crowded together. These have their

bases either vertical, or upside down, and more rarely in their

natural position. These masses of coral are fairly large, and
as they must have grown originally on some solid base, it follows

that they have been detached from their place of growth, and
hurried along to accumulate in one spot where the driving force-

was in some way counteracted.

Now, these corals cannot have been introduced into the stratum

after its deposition, for there is no general disturbance of the strata

overlying them, either on the shore or in the gorge-slope where they

are seen in fig. 2 (p. 293). Being reef-building corals, they must
have grown in less than 30 fathoms of water, which gives a limit to

the depth of the sea from the bed of which they were torn, before

they were deposited in shallower water. The horizon of the species,

or rather of any reef-building coral known in Kimeridgian or later

Jurassic times, is the Lower Portlandian ; and here they are not

seen till after the appearance of Perisphinctes cf. Pallasi, so that the

sequence is as usual, and the corals are not remanie. But corals

would scarcely grow where mud and leaves were being deposited,

for they require a firm bottom—perhaps another submerged stack

of Old lied Sandstone, or one of the preceding grits of the Jurassic

Series ; but, in any case, the mud-deposits must be very local, and
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therefore probably not far from littoral, as indeed the abundant
leaves also suggest.

Between the coral-locality and Helmsdale very little is to be seen

;

but on the other side of the town, as noted by Prof. Judd, the

breccia-beds predominate, and there is little room left for ordinary

strata. Such shales as appear owe their position and apparent

contortion, in most cases at least, to the pressure of the stones in

Fig. 7.

—

Typical breccia-beds, north of Helmsdale.

[From a photograph.]

the breccia. On this account it is difficult to be certain of any
direction of dip, or strike, in the beds. They do not, in fact, appear
to have any orientation or arrangement at all, nor is any evidence

of contortion possible in such deposits (fig. 7, above).

On turning the corner, however, into Navidale, fresh phenomena
appear which are certainly very instructive. Tn the first place,

though the breccias themselves are as rough as ever, there is some-

method in their roughness, one side being more scarped than
the other, and the crests ran somewhat parallel to each other.
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The matrix in the breccia is full of shell-debris, and in places where
the rock-fragments are locally wanting this debris consolidates into

a massive white limestone-band, such as were formerly worked for

lime in this locality. The surface (no doubt, in great part, due
to denudation) is fairly flat. This bed proves a large amount
of shell-grinding to have taken place before transport. The breccia-

beds are not so closely packed one upon the other as before ; and
intervening shales both above and below the same bed have every-

where a low steady dip to the sea, striking parallel to the shore in

its various changes of direction, or, perhaps it would be more
correct to say, that the shore follows the varying strike of the beds.

These intervening shales have yielded Perisphinctes Pallasi, two
good specimens of Natica Mareousaua, a narrow thin belemnite,

and Alectryonia. Isastrcea oblonga occurs as before in the breccia.

All the breccia-beds north of Helmsdale as far as this point count for

almost nothing in the sequence, for we are here on the same horizon

as the last that yielded a fauna.

The low steady dip seen in the seaward scars is interrupted in one

place, along the strike of one of the beds, by a curious arrangement
of rocks at the base of the cliff, where we find a large rounded

mass of Old Red Sandstone ' which, in the light of other localities,

may be taken as the summit of a boss projecting from the main
mass, here depressed farther below sea-level. Like the larger inlier,

it has the ordinary micaceous character and purplish tint of

the Caithness Flags, and it is divided into thin bands having a

high northerly dip. It is overlain immediately on both sides

by Jurassic shales, followed above by a bed of breccia. The
north side differs from the south in the following remarkable

manner. The Jurassic shale is here squeezed up into a sharp anti-

cline, just as a piece of whalebone would be between the finger

and thumb. One end of the anticline rests against the boss of Old

Red Sandstone ; while on the south side the same shale coats the

surface of the boss (tig. 8, p. 303). This arrangement of the strata

has therefore been brought about by a pressure from the north, and
this pressure is not generally manifested, but only when, as at this

boss, an obstacle is presented. Overlying the shales on either side

is a band of breccia, containing the Isastrcea. If we imagine the

carrier of the stones to impinge upon this boss in a solid condition,

it might squeeze up the intervening shale into the form which
we now see. It is quite consonant with this explanation that there

should be obscure fragments of Jurassic shale in the breccia, and

isolated breccia-fragments embedded in the shale. The dip of the

shale on the south side, and of the breccia-beds on both sides, may
be due, as before, to the sinking of the strata on consolidation, leaving

the unyielding boss at a higher relative level.

Beyond Navidale the breccia-beds and their intervening shales

continue to undulate gently on the scars, so that their strike, as

1 This must be the mass, I think, described by Prof. Judd as the largest of

the transported blocks, Quart. Journ. Geol. Soc. vol. xxix (1873) pp. 192-93.
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before, follows the broader outlines of the coast, the dip being

always gently seaward. The included fragments here become larger

and more abundant, one near Navidale being about the size of

a fowl-house, and another at Greentable Point about twice as

large. In both these cases we can see below them and be certain

that they have been transported, and they indicate probably the

Fig. 8.

—

Strata squeezed up into an anticline against a boss of

Old Bed Sandstone, near Allt-a-gliruan.

# = Boss of Old Red Sandstone, b — Overlying shale, squeezed up by
c, Breccia-bed.

maximum force expended in the production of the breccia. In the

cliffs, up to 100 feet and more, are found some ferruginous sands

and sandstones, the age of which will be suggested later ; but their

relations to the breccia-beds are obscure. The great fault here also

affects the cliff-face, and breccias of granite are seen. No further

light is thus thrown directly on the present enquiry, and beyond

Greentable Point all that is seen is the straight line of the fault

running northward towards the Ord, with the granite forming the

cliff on the west, and the last relics of the breccia-beds forming a reef

on the shore to the east.

IY. Summary of Results.

The results of the evidence thus adduced, in addition to the con-

firmation of the six points hereinbefore mentioned as established by
Prof. Judd, may be stated as follows :

—

(7) The floor on which the Jurassic rocks rest, when accompanied by breccia-

beds, is at no great depth below the sea-level, nor was it at the time of their

deposit.

(8) It was diversified by sea-stacks, very much as the coast of Caithness,

composed of the same ' Flags,' is diversified at the present day by the Stacks of

Duncansby.

(9) The fragments contained in the breccias may have come, in some cases,

from the cliff and stacks of their immediate neighbourhood, and in others from
no great distance.

(10) The breccia-beds are coterminous towards the south with the present

exposure of the Caithness Flags, which throughout runs parallel to the shore

on which they lie.

(11) Their frequency is intermittent, increasing from south to north. None-
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are found in the zone of Cardioceras altemans ; but their formation commenced
in the period of the Kimericlgian zone of Hoplites eudoxus, and continued through
that of Perisphinctes Pallasi into the beds with Isantrcea oblonga.

(12) The fossil contents of the breccia-beds themselves are all heterochthonous,

and the agent which brought them to their final resting-place had the power to

tear off massive corals from their place of growth, to collect large shells into

heaps, and to grind to powder the majority of the calcareous organisms, which
lay on the sea-bottom in its course.

(13) The deposition of these materials had but little effect on the strata then

forming at the place of deposit, except in the event of jamming against a rock

projecting from the sea-bottom, when the uppermost deposit then exposed might
be puckered up against the projecting rock. The puckering seen here, in such a

case, indicates a pressure from the north or north-east.

V. Comparison of the Beeccia-Bkds with the Woek of an
Ice-Foot.

We have now to enquire whether there is any agency at present

known which may be expected to produce such results, and in what
way that agency may have acted.

The final paragraph of Prof. Judd's paper reads as follows :

—

' Here then we pause, in the expectation that future researches in the

physical geography of some, as yet, little-studied region may demonstrate the

existence, in the same combination, of those conditions which we have shown
must have been present during the deposition of the wonderful brecciated beds
of the Ord.' Quart, Journ. Geol. Soc. vol. xxix (1873) p. 195.

This expectation we arc now, I hope, in a position to fulfil. The
4 little-studied region ' is that of Smith's Sound in lat. 79° IN"., and
the combination of necessary conditions is found in the ice-foot.

On referring to Jukes & Geikie's ' Manual of Geology ' published

in 1872, wTe find no mention of the ice-foot and its phenomena,
although the rapidity of rock-disintegration in the Arctic regions, as

seen by Dr. Kane in Spitsbergen, is pointed out. In 1874, however,

the British expedition to the West Coast of Greenland and Smith
Sound commenced their explorations; and to the account which
was afterwards published by Sir George Xarcs there w^as added an

Appendix by Col. Feilden & Mr. I)c llance, in which a very graphic

description of the ice-foot is given with all the gusto of novelty :

this was afterwards more fully elaborated in the Quart. Journ. Geol.

Soc. vol. xxxiv (1878). We are thus able to compare the phenomena
of an ice-fcot with those of the breccia-beds of Sutherland, step by
step, and trace in detail their agreement or divergence.

The definition of an ice-foot there given is as follows :
—

• The ice-foot is built up, not so much by the act of the freezing of sea-water

in contact with the coast, as by the accumulation of the autumn snowfall,

which, drifting to the beach, is met by the sea-water at a temperature below the

freezing-point of fresh water and instantaneously is converted into ice.' See
' Voyage to the Polar Sea ' 3rd ed. (1878) App. pp. 310-41.

The conditions for its production, therefore, differ only in matters

of intensity from those prevalent even now—where it is not un-

common in early spring to find snow-drifts by the shore, which
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easily consolidate into ice—not by excessively low temperature

of the sea-water, but—by ordinary causes. The present mean
temperature, we must remember, is abnormal ; and the isotherm of

32° Eahr., were it not for the Gulf-Stream, which probably had no

equivalent in Jurassic times, would almost pass through it, as it does

actually through Hudson's Bay and part of Siberia. So small a

change in the distribution of the temperature would bear no quanti-

tative relation to a Glacial Epoch, but might bring back an ice-foot

to fringe our northern shores.

The process by which materials are collected for transport by an

ice-foot is thus described l
:

—

1 Subaerial denudation of the surface of the cliffs causes vast masses of material

to fall during the thaws of the short summer, on a scale so gigantic that the

mind fails to realize it, unless it has been actually witnessed. The base of the

cliff is concealed by a talus made up of a shifting mass of material resembling

those known as screes in the English Lake District. . . . On the first signs of thaw
large masses of rock are detached from the cliff, and falling on the [snow-

covered 2
] screes slide down to the ice-foot beneath ; the impetus being often

sufficient to carry them on to the floe, where they remain until the general break-

up of the ice, when vast quantities of material are drifted seaward.'

To compare this with Sutherland, we have in the high ground of

Caithness Flags, which accompanies the breccia-beds for the greater

part of their length, the necessary cliff; and the talus at its base

may be that seen in Gartymore Barn, where the material which

reaches the edge of the foot, which melts without much shifting, is

shown in the bands of breccia of fig. 2 (p. 293). The expression used

by Prof. Judd in describing the fragments as ' angular masses just

separated from their parent-rock by frosts ' is almost identical with

part of the above ; and his epithet ' wonderful/ and his description,

• a perfect chaos of blocks of stone of the most various proportions

and of every conceivable shape .... the position ' of which ' is as

various as their form and size,' is a natural picture of the results of

denudation that must be seen to be realized.

Again, the building-up of the ice-foot by the accumulation of

snow to form a soft bed on which the fragments fall, and over which
they ultimately slide, explains why none of the fragments are

striated ; while their subsequent mingling with the beach in

summer will lead us to expect that some of them will be rounded.

According to our authors, it is not the ice-foot but the ' sea-ice

driven on to shore by gales, or moving up and down with the tide,'

which is ' a very potent factor in glaciating rocks and pebbles.' If,

therefore, no striated rocks be found, it indicates a temperature only

low enough for an ice-foot but not for much sea-ice. To proceed :

' The typical aspect of the ice-foot in Smith Sound is that of a terrace, of 50 to

100 yards in width, stretching from the base of the screes to the water's edge.'

In this we need only change the words \ ice-foot in Smith Sound ' to
i breccia-beds north of Helmsdale,' and the description is perfect.

1 Quart. Journ. Geol. Soc. vol. xxxiv (1878) pp. 563 & 565.
2

' Voyage to the Polar Sea ' 3rd ed. (1878) App. p. 340.
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(See fig. 7, p. 801.) So far for the production of a breccia-bed or

ice-foot rock in situ.

Prom this comparison of the whole, we see that it is possible to

draw up a pretty full description of a remarkable set of deposits,

which might be intended either for the breccia-beds of Sutherland

or the ice-foot rocks of Smith Sound. Such a description would
contain the following points in common :

—

(1) The deposits are composed largely of fragments of rock,

(2) which are seldom striated
;

(3) but are mixed with rounded pebbles.

(4) They occur along the shore of a land which is bounded in places by cliffs,

(5) into the screes of which they may pass, and
(6) of the fragments of which they are composed.

(7) They are often, or generally, spread out in nearly flat sheets oyer the

neighbouring sea-floor.

(8) Finally, the minor phenomenon of the appearance of partial stratification

of the breccia-beds at Grartymore reservoir (fig. 3, p. 294) may possibly

correspond to the curious account (too long to quote at length) of how.
when the ice-foot begins to melt, a channel is formed between it and
the screes (the very spot required), in which the surrounding material

is re-sorted by the water which gains access to the channel.

In all the above cases the comparison is direct, between observa-

tion on one side and observation on the other. But we have no
direct evidence as to what happens to the material which is carried

away, as on a float, by the fragments of the ice-foot, when it breaks

up under the action of the summer-thaw. Our knowledge is

limited to inference. We may assume that the ice-float, when
carried up and down by the tide, will have a balance of motion

towaids the more ice-free regions to the south, and that a con-

siderable portion will keep alongshore. Any that reaches the open

sea will scatter miscellaneous blocks at wide intervals, like the

blocks of coal and granite in the Chalk of the North Downs, 1 and

will nowhere form beds.

The distribution of the fragments along the path of a train of

floats will depend on two factors : the relative proportion of the

burden to the ice, and the size of the float. The first fragment to

fall will be the largest, which has only just as much ice attached

as will float it at all. AVhen by this process the relative proportion

of burden has lost its importance, the fragments of ice-foot with little

burden will be distributed according to size. The smaller floats will

travel fastest, but they will melt soonest : the larger floats will travel

more slowly, till they reach the last resting-place of the smaller,

when some part of them will still be left to travel farther. The
predicated distribution can best be compared with that observed

in Sutherland, by uniting into one description the points that are

common to both. Hence

(9) The most northerly deposits \ ^_ contain the largest fragments.

See W. P. D. Stebbing, Quart. Journ. Geol. Soc. vol. liii (1897) p. 218.



Vol. 58. vmong the Jurassic hocks of Sutherland. 30'

(10) The most southerly deposits
\

I the thinner and more isolated, and
c "UK 1 I

ctro
1

the northern \ , I more crowded with the deposits of successive

seasons.

,-. ,s f Any fragments detached from the ice while floating will sink "1

,,
'

[ The fragments in the thinner breccia-beds have sunk J
° n L^

on to the normal deposits forming on the sea-bottom, without disturb-

ing them (see fig. 2, p. 293).

If, oh the other hand, the float is strauded before it is entires-

melted, it will do so gradually—scraping, at first gently, over the

sea-floor, tearing up any slight obstacle, such as a coral or sponge,

that may be attached or lying there and grinding smaller shells to

powder. The larger of the local materials will be carried forward

with the stranded float ; the smaller will be dealt with by the

surrounding water.

(12) Hence we j V [ finci t]iat nearest the shore are hummocks

composed of larger
j f gS ji g [

mixed with the breccia-fragments, and

bands of fine shell- or echinoderm-debris interstratified with the

, ., f there forming]
deP°slts

1 of the period }•

If, again, from the sea-floor an immovable boss of rock should

project, and the float should impinge thereupon, it is very likely

to squeeze up a little of the subjacent deposit. Hence

(13) in the neighbourhood of a rock-mass of earlier date that part of the

deposit which lies between the boss and the breccia < > bent up
into an anticlinal form. I J

The relations thus established between forces in action at one

place and results observed in another, are exactly of the kind that

have convinced us of the former presence of glaciers in this country,

and they should carry the same conviction.

VI. Consideration of Difficulties.

(1) The Occurrence of Plant-remains.

The stems and leaves of cycads, the stems of conifers, and the

fronds of ferns are said by Prof. Judd to occur in abundance ' in

the matrix of the brecciated beds/ Such an occurrence, if the

words are understood in what appears to me their most natural

meaning, would be very difficult to account for on the theory of an

ice-foot. A place that is covered with drifts of snow every autumn,

which rest there all the winter, and carry down abundant fragments

in early summer, is about the last place in the world in which to

look for ferns and cycad-stems in a beautiful state of preservation.

Further consideration, however, shows that there is a preliminary

question which has no relation to any particular theory, namely,

How could these things be carried uninjured, in whatever way
Q.J.G.S. No. 230. y
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they were brought, if in company with the great stones themselves ?

If, however, the plant-remains belong to the place to which the

stones were brought, the whole difficulty vanishes. In this case the

stems might he fossilized at their leisure, and the leaves and ferns

be buried before they were broken.

Asa matter of fact, I have not been able to discover a sign of any
such remains in the actual breccia-beds themselves ; neither, I believe,

has Mr. H. B. Woodward. I have ascertained also from Prof. Judd
that the specimens which he mentions were not obtained by himself,

but by the local geologists, who thus described where they had been
found. It seems, therefore, probable that the meaning of the words
above quoted has been misunderstood. I, at least, have taken it to

mean that a single breccia-bed is made up of two parts—the frag-

ments, and the matrix in which these are embedded ; and that it is

in the latter that the plant-remains are found. The true meaning
may have been that the various breccia-beds, each viewed as a whole,

are themselves embedded in a matrix—that is, in the 'associated

beds,' and it is these latter that contain the plants. If that be the

case, the plant-remains did not come with the fragments, but were
found on the spot, on their arrival, and thus present no difficulty.

The magnificent cycad-stem, described by Mr. Carruthers as

Bennettites Peachianus, was obtained from Allt-a-ghruan at the

southern end of the slopes, before mentioned as composed of ferru-

ginous sands and sandstones. This unique specimen is stated

by Mr. Carruthers to have been found loose on the beach. In all

probability it came out of these sandstones, which at the time of its

discovery were not even distinguished from the Lias. These beds

in the cliff do not fit in with the beds on the shore, and are quite

distinct in character. They may in fact be Neocomiau, in which

strata such cycad-stems are mostly found. To this idea the finding

of Neocomiau fossils in boulders in the Elgin and Aberdeen area

lends countenance ; it is suggested by the determination by Heer of

the Urgonian age of the Kome Beds of Disco Island (lat. 69° N.)

on account of their floral contents.

(2) The Distribution of the Oxfordian Strata.

It is not easy to understand why the thick masses of the

Oxfordian strata, from the Kintradwell Beds downward, should be

absent from the north of Lothbeg, as they must be if the Port-Gower

stack stands on an Qld-Ked-Sandstone floor. Possibly further

observations, which I have not been able to make, would elucidate

this point ; but our ignorance will not have the weight of a positive

objection, unless it should be impossible to suggest any rational

explanation. We might, however, suppose that the depression,

which must have taken place to produce deposits of mud overlying

the conglomerates of Allt-na-cuil, brought higher ground on which

hitherto no deposits had been made into the area liable to receive

them ; or that the supposed faulting south of Lothbeg took place

after th" Kintradwell Beds were laid down, and brought the northern
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side into the area of denudation, previous to the new depression ; or,

possibly, that the Oxfordian deposits are there, and that the inlier

fell over on to them from the neighbouring cliff.

VII. Concluding Remarks.

It must not be supposed that all the concordances herein pointed

out between the actual phenomena of the breccia-beds, and the

known or probable results of an ice-foot, are essential to the exist-

ence of a relationship between the two—a caution rendered necessary

by experience. Several of the phenomena noted might be proved to

be due to other causes ; but the result would only be to weaken the

evidence, in proportion to their importance, though not to destroy it.

For that purpose, some such must be found incompatible with the

origin suggested. This must be difficult, owing to the wide range

of variation permissible in an ice-foot deposit. It may be found

where it first accumulates, or be carried elsewhere : it may ultimately

rest crowded on a shore, or scattered over the sea-floor: it may
contort the strata then forming at the place of its rest, or the

fragments may fall gently. It may contain some rounded stones,

and even a few scratched ones. They may rest one against the other,

or be separated. They may be very large or small. There may be

signs of stratification of the finer material in parts. The beds may
be thick or intermittent, widespread or local.

The essential features of an ice-foot deposit are that the bulk of

the stones of which it is composed should be angular, of various

sizes, without order, definite position, or internal bedding. 1 Each
separate deposit would have no more variation in the nature of the

contents than could be expected in a single cliff. The breccia-beds

of Sutherland possess these features, and in addition other less

essential ones ; and are thus proved to have originated in an
ice-foot, and they are the first recognized in this
country as having such an origin.

The word ice-foot has been used by Mr. Mellard Reade 2 for the

agent that he supposed to have transported some gigantic boulders

of the Eastern Midlands, but his definition of it as ' pack-ice

frozen into a sheet or ice-foot,' shows that he is not referring to

the ice-foot of Col. Eeilden & Mr. De Ranee.

On the other hand, the phenomenon has been described, without
the use of the name, at that time (1873) unknown, by Prof. Sollas &
Mr. Jukes-Browne, as shown by the Cambridge Greensand. Here
there is no ice-foot melting in situ, but only an ice-foot-contribution

to a distant deposit. This is shown by the characters assigned to

the fragments. ' Most of them are subangular,' ' many of them are

of large size.' 'The majority present no signs of ice-scratches.'

These seem to be contributions from several localities, as the frag-

ments ' are of very various lithological characters
'

; but a good

1 See exception above (p. 306). Also in the case of the fragments dropping
at sea, they would descend with their centre of gravity in its lowest position.

2 Quart. Jonrn. Geol. Soc. vol. xxxviii (1882) p. 233.

y2
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many are not unlike the rocks that might be gathered from the

very locality with which I am here dealing.

A similar origin has been suggested by Mr. Stebbing l
for the

boulders in the Chalk ; and it is not unlikely that hereafter other

curious breccias and scattered angular stones may be referred to the

same class of erratics.

Discussion.

Mr. H. B. Woodward remarked that he had given his explanation

of the breccia-beds in the discussion on Prof. Bonney's recent paper.

He saw no occasion for the introduction of ice-action. The
conditions existing in the Moray Firth were even now somewhat
similar to those of Upper Jurassic times, for there are steep and
lofty cliffs, such as those by the Sutors of Cromarty, whence great

shoots of rock fall on to the foreshore and into the sea. The
relations between the Jurassic and older rocks had been modified

by post-Jurassic disturbance, as some of the non-brecciated beds

were much broken in proximity to the great fault. He was glad

to be in general agreement with the Author regarding the sequence

of the strata. He had obtained near Navidale a large ammonite
of the ' giganteus '-type, and this, together with the Isastrcea, had
suggested the existence of Portlandian Beds.

Mr. Htjdlbston said that he had no intimate acquaintance with

the locality, and he expressed regret that Prof. Judd was not present

to give his views on the additional matter brought before the

Society. His classic paper on the ' Secondary flocks of Scotland

'

had left as a legacy to future geologists the explanation of the

breccia-beds—a challenge which the Author had taken up. The
present paper was full of details, and only those intimately ac-

quainted with the locality could grapple with the descriptive

portions. The Author was especially capable of determining the

horizons at which these breccia-beds occur, and it was interesting

to note that they commence in Middle Kimeridge times, and
culminate in the zone of Perisphinctes Pallasi (? Ammonites biplecc).

Hence the horizon of the chief breccia-beds was pre-eminently

Portlandian, as indeed had been inferred by Prof. Judd, and it

was further emphasized by the occurrence of Isastrcea oblonga.

The sting of the paper was in its tail—that is to say, in the

suggestion as to the origin of the breccia-beds. Such beds had
always been fruitful of divergent opinion as to their mode of

formation, and when geologists were hard pressed for an explanation

of facts involving heavy transport, they usually had recourse to ice-

action. Such a theory in this case was peculiarly inappropriate.

The fauna and flora of the Jurassic Period generally indicated

warmth, and the plant-remains of the Portlandian especially so.

Take the case of Isastrcea itself, a reef-building coral requiring a

tropical temperature, with an isotherm of 68° Fahr. at the very

least. How were we to explain this in conjunction with a postulated

1 Quart. Journ. G-eol. Soc. vol. liii (1897) p. 21 S.
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isotherm of 32 J Fahr. every time that a breccia-bed occurred in the

series ? The Gartymore section was quoted, where there are three

breccia-beds intercalated. It was true that the Author did not

require a complete glacial period in each case : he would be satisfied

with an ice-foot ; but an ice-foot at the present day is an exclusively

Polar phenomenon, and would require a corresponding climate.

An alternative theory was not an absolute necessity, but he thought

the hint thrown out by the previous speaker a very useful one.

He had himself pointed out, with reference to Permian and Triassic

breccias, how powerful currents, in an oscillating area, would help

to distribute cliff-talus. Oceanic currents, which were strong

enough to tear up masses of coral, could also disintegrate and

transport old shore-accumulations. The Author had himself given

us a glimpse of such a talus in the Gartymore Glen, and the speaker

thought that the distribution of such material in the way mentioned

afforded an explanation of the whole mystery.

Prof. H. G. Seeley remarked that many years after Prof. Judd's

classic paper on the ' Secondary Ilocks of Scotland ' had appeared,

there was found on the site of the Recreation-Ground at Tunbridge

Wells a Wealden clay presenting characters of Boulder-Clay, but

containing fragments of sandstone all of which were angular.

These were evidently transported by the action of water, and the

deposit was an instance of what that action could accomplish.

Until all the ordinary methods of transport proved inadequate to

account for the Sutherland breccia-beds, he would hesitate to accept

the hypothesis of ice-action.

Dr. F. A. Bather said that, after examination of the district in

1885, he had come to the same conclusion as that expressed by

Mr. Woodward. The idea of an ice-foot had not occurred to him, but

the intermittent formation of breccia had seemed due to the fact that

the beds were deposited along an irregularly sinking cliff coast-line,

where the fall of overhanging masses was succeeded by their partial

distribution over the shelving floor, the smaller fragments being

rounded, until the process was checked by a sudden influx of mud,
due perhaps to the estuarine conditions imagined by Prof. Judd.

The formation of breccia only recurred when further sinking brought

the talus from a fresh cliff-surface within reach of the currents.

South of Lothbeg the railway had cut through a marine grit-bed, in

which were numerous angular fragments of a soft yellow sandstone,

as though they had sunk down into the sand where they fell.

Might not the contortion of the shale shown in fig. 8 have been

due to ice-pressure at a much later period ?

The President said that the facts brought forward by the Author
were certainly of extreme interest from the geological point of

view, and there could be little doubt of the reasonableness of his

opinion that the ' breccia-beds ' were made up of the angular

waste or screes of steep cliffs, formed of Old Red Sandstone like

that of the neighbourhood ; while the occurrence of marine shells

and land-plants in the associated Kimeridgian shales showed that

the sea-shore of the time must have run along this line, or very near
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it. He did not consider, however, that a complete case had been made
out for the existence of an ice-foot here at the period of deposition
of these peculiar breccia-beds. Nevertheless, it was as Avell to bear
in mind that the presence of plants or of marine organisms, sug-

gestive of warm climatic conditions, in the geological formations
that include rocks for which a glacial origin is claimed, had long
been recognized, as for example the Talchirs of India and the

Bacchus-Marsh beds of Australia. But he rather preferred, for his

own part, to look upon these Scottish breccia-beds as having been
formed along a sinking coast—as already pointed out by the previous
speaker. The angular fragments might have been rapidly buried
by muds or sands, and so preserved from the effects of ordinary
wave-action.

The Author expressed regret that he had not made his meaning
clear, as speakers who suggested a cliff-talus as the origin of the

breccia-beds really adopted his own views ; but there was more
requiring explanation, namely, the spreading-out into masses of uni-
form thickness and the angularity of the fragments. Cliff-taluses were
forming with more or less rapidity all along the rocky sea-margins,
but the breccia -beds had extraordinary characters, and could not
therefore be the result of ordinary causes.

He admitted that the Upper Jurassic fauna indicated a compara-
tively warm climate, and that that of Sutherland, which was the

northernmost locality of the deposits of the period, indicated one of

the warmest. This led to the conclusion, enunciated in the paper,

that the fauna belonged to the locality, but the breccia-fragments
had for the most part been derived from a distance. The transport
without rounding was by means of broken masses of ice-foot, some
of which had been known to travel 1300 miles before melting.
Fragments from such masses would fall vertically down, or, if the
un melted parts of the masses stranded, they would pucker up the

sea-bottom.

The explanation offered for these breccia-beds in Sutherland would
not necessarily apply to any other breccia ; but the Author thanked
the President for his allusion to Glacial beds in Australia associated
with plants, being convinced that the knowledge of the phenomena
seen in other lands was the only means of understanding those
of our own.
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18. On some of the Proterozoic Gasteropoda which have been referred

to Murchjsonia and Pleurotomaria, ivith Descriptions of

New Subgenera and Species. By Miss Jane Donald. (Com-

municated by J. G. Goodchild, Esq., F.G.S. Bead March 12th,

1902.)

[Plates VII-IX.]

Introduction.

After the creation of the genus Murchisonia by A. d'Archiac &
E.de Verneuil in 1841, l most of the Palaeozoic, Tnrritella-like, banded
gasteropoda were referred to that genus by later writers. Recently

attention has been drawn to the fact that these shells do not all

agree with the type, and that there are at least two separate groups,

each distinguished by a different form of the outer lip. The typical

group is characterized by a slit of greater or less depth in the

outer lip, with parallel edges, which is represented by a band on

all the whorls. The other group is characterized by having merely

a sinus in the outer lip, which in some cases gives rise to a band
more or less distinctly limited, while in others it is not defined in

any way.
Some of the oldest-known gasteropoda, both elongated and short,

have an opening in the outer lip ; and as, owing to age and the

manner of fossilization, very few have the outer lip well preserved,

it is difficult to arrive at a correct conclusion as to its structure,

more especially as the form of the lines of growth on the whorls
rarely shows the actual depth of the sinus in the outer lip when
mature. In the adult the outer lip frequently advances, thus

rendering the mature sinus much deeper than the indications of it

in the earlier stages of growth. The existence of a true slit in the

outer lip, with a break in the continuity of the lines of growth, is

still more difficult to ascertain where the outer lip is not visible

;

for the lines of growth often do not give evidence of the break, but

sometimes even appear continuous, as if forming a shallow sinus,

from the manner in which the shell is preserved. Again, there are

cases, even where the outer lip is fairly w7ell seen, in which it is

difficult to decide whether the opening should be considered a slit

or a sinus. Where the lines of growth sweep back very obliquely,

as in JTormotoma, Ectomaria, and allied genera, the sinus can be

followed with tolerable ease. But where the lines of growth run
less obliquely, as in the true Murchisonia and Lojphospira, it is much
more difficult to ascertain with accuracy (in the absence of the outer

lip) whether there was a slit or not.

With regard to these shells, two important questions require to

be answered. Firstly : are forms possessing a slit, or those possessing

a sinus, the more primitive ; and does the presence of a slit indicate

a different line of development from that of the sinus, or is the one

1 Bull. Soc. Geol. France, vol= xii. p. 154.
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evolved from the other ? Secondly : are the elongated Murcliisonia

and the shorter Phurotomaria both derived from the same stock, and
which appears earlier? We need also to know the full value of the

presence or absence of a sinus or slit in classification, and what
special characteristics are associated with each respectively.

Before considering the British evidence on these points, it may
be well to review the results of the investigations of some foreign

palaeontologists. Messrs. Ulrich & Scofield and Prof. Koken have .

devoted considerable attention to the study of the origin of these

shells, and the former also to these differences in structure.

The researches of Ulrich & Scofield lead them to the conclusion

that the sinus is older than the slit, and they regard EapJiistomina,

Ulr.,2 as the most primitive genus of this group, it being represented

by Phurotomaria laurentina, Billings, in the Calciferous Series.

They place this genus in the family Raphistomidae, and unite it with

the Pleurotomariidae, Euomphalidae, and Trochidae in a new suborder,

which they name Eotomacea. They consider that this suborder

should moreover include the Fissurellidae, Haliotidae, Turbinidae;

and provisionally also the Maclureidae, because of their evident

relations to the Euoniphalidao. The Raphistomidae are characterized

by a short form, and have in the outer lip a sinus only, which does not

give rise to a band on the whorls. The family contains shells which
these authors regard as ' the best known representatives of the original

stock from which ' the other families ' were almost simultaneously

evolved.' They arc acquainted with only two Lower Silurian

(Ordovician) species possessing a deep parallel-edged slit, namely :

Schizolopha textilis, Ulr., from the upper part of the Trenton Group,

and Sch. Moorei, Ulr., from the Lorraine and Richmond Groups,

both of which are short forms. The depth of the slit in the

former is about two-ninths of the circumference of the last whorl;

in the latter it is about one-fifth. Schizolopha, Ulr., is referred to

the Pleurofcomariidse, in which family Ulrich & Scofield include all

genera, whether elongated or short, that possess either a sinus or a

slit in the outer lip, giving rise to a band on all the whorls. Thus they

place here such elongated forms as Ilormoioma, Ccelocaulus, Turri-

toma, and Solcnospira, Ulr. (Ectomaria, Koken), which other writers

have regarded as closely allied to JIurchisonia, though they have

not a slit, but a sinus. They state
3 that none of these genera

can be properly united with Murchisonia, and they are doubtful

whether il/". coronata, Goldf., the type-form of Murchisonia, is a true

member of the Pleurotomariidae.

Prof. Koken diverges somewhat from Ulrich & Scofield in his

grouping of the genera. In 1896, 4 previous to the publication of

the work on Minnesota, he proposed a new suborder, which he

called Sinuata; in this he placed the Raphistomidae, Euompha-
lidae, Euomphalopteridae, Pleurotomariidae, Haliotidae, Eissurellidae,

1 Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) p. 948.
2 Ibid. p. 930. 3 Ibid. pp. 959-60.
4 Jalirb. d. k.-k. geol. Reichsanst. vol. xhi, p. 6L
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Bellerophontidae, and Murchisoniidse. Since then, 1 he has removed

the Murchisoniidae and the Bellerophontidse from it. He differs

from Ulrich & Scofield in separating the elongated forms re-

ferred to Murchisonia from the Pleurotomariidse, causing them to

constitute a distinct family. He considers that the Euomphal-
opteridae also constitute a separate family, instead of regarding

them as a genus of the Itaphistomidge ; and he excludes moreover

the Trocho-TurbinidaB from this suborder, placing them in a different

suborder, which he calls Trochoniorphi. Prof. Koken, how-
ever, agrees with Ulrich & Scofield in regarding the sinus as

the earlier structure, and he considers that the slit has gradually

developed from it.

It is not quite clear whether Ulrich & Scofield believe the slit

to have developed from the sinus or not. On p. 948 (op. jam cit.)

they state that the slit

' seems to be a later phase in the evolution of the majority of the lines of

development that can be traced from the Lower Silurian into subsequent

periods.'

On p. 949 they write that in

' Hormotoma we have good evidence showing a gradual development of the

slit. In all the Lower and Upper Silurian species of this genus a deep
V-shaped apertural notch is present, but no slit. In. however, what we con-

sider to be Levonian representatives of the same type of shell (e. g. MurcMsonia
desiderata and Maia, Hall) we observe that the bottom of the notch is prolonged
into'a short slit, but the backward sweep of the edges of the outer lip forming the

notch is quite as pronounced as in the earlier species which have no slit. From
this and the preceding case, therefore, it is evident that the slit did not take the

place of a deep notch, but that it is really an additional and distinct feature.'

Lower down on the same page they say,

' It is interesting to note that, as far as we now know, the slit, which further-

more seems to have been developed almost suddenly, is longer in the earliest

species known to possess one than in any of the later Palaeozoic forms.'

Though Ulrich & Scofield trace the earliest appearance of repre-

sentatives of the family Pleurotomariidse (as constituted by them)
in America, they do not throw any light on the first appearance of

true Murchisonia, for they state 2 that strictly speaking they do not

consider that the genus is represented in America. Unfortunately

Prof. Koken does not distinguish clearly between the elongated

forms having a slit and those with merely a sinus, but he refers all

to his family Murchisoniidse. He considers it probable that the

Murchisoniidse and Loxonematidse have originated from the same
stock,3 and also that the TurriteUce 4 may have developed from them
later on. If this were correct with regard to the TurriteUce, we
should expect them to yield some decided evidence of a very primitive

origin, but this is not the case, as the recent researches of W. B.

Randies clearly show. It remains to be proved whether the recent

forms with a sinus, hitherto referred to Turritella and Murchisonia

1 Neues Jahrb. 1898, vol. i, p. 12.
2 Final Eep. Geol. & Nat. Hist. Surv. Minn. vol. iii, pt. ii (1897) p. 960.
3 Jahrb. d. k.-k. geol. Reichsanst. vol. xlvi (1896) p. 62.
1 'Die Gastrop. des Bait. Untersilurs ' Bull. Acad. Imp. Sci. St. Petersb.

ser. 5, vol. vii (1897) p. 201.
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(in lit.), really agree with the former genus in the structure of the
animal ; or whether they possess distinctive and more primitive

characters allying them with these ancient gasteropods. In stating

this opinion with regard to the common origin of Murchisonia and
Loxonema, Koken evidently refers more especially to M. insignis,

Eichw. and allied species having a deep sinus in the outer lip,

which I have shown 1
to be distinct from the typical Murchisonia

and members of the genus Hormotoma. It is, however, doubtful

whether the true Murchisonice are derived from this stock. The
type-species is of Devonian age, and varies greatly in its spiral angle,

size, and ornamentation. I have examined the specimen of M. coro-

nata, Goldf. (turbinata, Schloth.) in the collection of E. de Verneuil,

and it gives distinct evidence (as described by him) of a slit with
parallel edges in the outer lip, the filling-up of which forms a band
on all the whorls, bordered on each side by a keel. The peristome

does not slope back so obliquely above the band, nor advance so pro-

minently below, as in Hormotoma and Ectomaria, and there is a break

in its continuity at the slit, so that there must have been three

distinct areas of deposition of the shell, as in Pleurotomaria. The
slit is not deep, being probably about two-fifths of the width of the

body-whorl, and is therefore much shorter than that of the recent

species of Pleurotomaria. Thus, in the structure of the outer lip and
of the band, the Murchisonice come nearest to the Pleurotomarice j but

they are distinguished by being more elongated in form, and by
having the aperture louger and slightly channelled below ; also they

do not appear to have developed an inner pearly layer. The existing

species of Pleurotomaria, contrary to the Turriteilce, are proved by
recent investigations to be really primitive in structure.

At present, I know of only one British Ordovician species of the

rieurotomariidaj which has the outer lip sufficiently well preserved

to show the slit. It is in the collection of Mrs. liobert Gray, and
is not only a new species, but is also probably referable to a new
genus, for which I suggest the name Pal ceo schism a. The slit is

short and narrow, being rather more than one-fifth of the circum-

ference of the last whorl in depth ; it gives rise to a band bordered

on each side by a keel, with a slighter submedian keel. Another
shell has an opening in the outer lip preserved, but it has more the

character of a deep sinus than a short slit ; it would also be about

one-fifth of the circumference of the body-whorl in depth if intact,

although it is much wider in proportion than that of Palceoschisma.

This shell most probably belongs to the genus Lo-phospira, Whitfield,

and both it and the species of Pala-oschisma are of Llandeilo age.

I shall not now consider the earliest British representatives of

the Baphistomidie, as they do not possess a true sinual band, but

shall proceed with the study of the more or less elongated forms

having a band. jSTor do I think it advisable at present to enter into

the subject of the classification and the exact relationship of the

1 Quart. Journ. Geol. Soc. vol. lv (1899; p. 257.



Vol. 58.] KE¥EKRED TO MURCHISONIA AND PLEUEOIOMARIA. 317

different families contained in the suborders Sinuata, Koken and

Eotomacea, Ulr. respectively.

Erora what has been stated with reference to the investigations

of Prof. Koken and Messrs. Ulrich & Scofield, it is evident that

the earliest appearance of true Murchisonice still remains to be

traced. In the lists of so-called Murchisonice several distinct genera

are associated with them, and they consequently require revision.

Mr. Etheridge 1
records twenty-four British species of Proterozoic

Murchisonia. Eour of these, as I have shown, probably belong to the

genus Horrnotoma : namely, H. articulately H. cingulata, H. (?) dubia

(referred to asM . bellicincta, Hall), and H. (?) gracillima (31. gracilis,

Hall, var.). The specimen described as M. angustata, Hall, was
placed by Salter in the genus Horrnotoma, but I have pointed

out
2
that it bears more resemblance to Ectomaria ; it is, how-

ever, in too poor a state of preservation to admit of accurate

determination. 31. scalaris, Salt., too, is so bad a cast that it is

impossible to discern its actual structure. Other species, again,

must be excluded, as though they possess a band, and in some cases

a slit, their characteristics agree more with those of Lophospira

and some of the genera into which the original genus Pleurotomaria

has been divided. Such fossils are—M. angulata, Sow., M. balteata,

Phill., 31. cancellatula, M'Coy, 31. corpulenta, Sollas, M. gyrogonia,

M'Coy, 31. infiata, M'Coy, M. Lloydii, Sow., M. pidchra, M'Coy,

M. simplex, M'Coy, 31. subrotundata , Portl., 31. sulcata, M'Coy
(which is identical with 31. Lloydii, Sow.), and 31. turrita, Portl.

The six species which remain are

—

31. angulocincta, Salt., 31. bi-

cincta, M'Coy, M. corallii, Sow., M. elegans, Sollas, 31. obscura,

Portl., and M. torquata, M'Coy. Although the general form of

M. angulocincta somewhat resembles that of Murchisonia, I feel

doubtful as to whether it really is a member of that genus ; for the

lines of growth, though not very distinct, seem merely to indicate

a notch. It should probably be referred to the Cicelia subsection

of the Perangulata section of the genus Lophospira, Whitfield. The
other five species, and three new ones which I am about to describe,

resemble Murchisonia in the band being grooved, and bounded on
each side by a keel or raised thread, and also in the direction of the

lines of growth. But none of the specimens of these species that

I have seen have the outer lip intact, or the lines of growth suffi-

ciently well preserved to show whether they possessed a slit or not.

As a rule they are more slender than 31urchisonia, and, with the

exception of M. elegans, the whorls are more convex. In this latter

characteristic they resemble Horrnotoma, but the lines of growth are

less oblique and the spiral ornamentation is more marked. 31. elegans

comes nearer to the description of Goniostropha, (Ehl. than to

that of any other section or subgenus of Murchisonia, and it seems
advisable to place it there at present. The others, however, do not

appear to agree with any previously described division of the

1 'Foss. Brit. Is.' vol. i (Paleozoic) 1888, p. 1J3.
2 Quart. Jouru. Geol. Soc. vol. lv (1899) p. 259.
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Murchisoniidse, and it would be convenient., at any rate provi-

sionally, to regard them as a separate section or subgenus, for which
I would suggest the name Gyrtostropha. At the same time, it is

possible that further research may prove that these species are not

all closely related one to the other, and further subdivision may be

necessary.

Another new species which I am describing is from the Wenlock
Formation of Dudley, and is more like the type of Murchisonia than

any other Silurian or Ordovician species with which I am acquainted

in its robust form, the direction of the lines of growth, and the struc-

ture and position of the band. The latter is not seen to be grooved

as in M. twbinata, Schloth., but this may possibly be the result of the

manner of preservation, since it only occurs as an external mould.
No evidence, however, is given of a slit in the outer lip, so it cannot

be referred to Murchisonia without a query.

From the material at present available, we find that, in the British

Isles as well as in America, the elongated forms with a sinus or a

notch precede those with a slit, and they also seem to do so in the

Baltic Provinces. In the latter region the only shell recorded by
Koken which may be a true Murchisonia is M. Meyendorfi, Kok.
from Borkholm (Ordovician), but it is not clearly shown whether it

possesses a slit. There are at least two, and possibly three, distinct

groups of these sinuated shells with a band—the one containing

Hormotoma, Ectomaria, etc., with the lines of growth sweeping back

to and forward from the band very obliquely ; a second, containing

Lophospira, having the lines of growth less oblique, and agreeing

more in direction with those of Murchisonia, only the band is

prominent instead of being grooved ; Cyrtostropha may perhaps

form a third group, having the lines of growth but slightly oblique

and the band grooved. In a former paper 1
I entered fully into

the range of the genera Hormotoma and Ectomaria ; but, for the sake

of comparison, I will here repeat it briefly. In the British Isles

they apparently commenced in the Durness Limestone (Upper Cam-
brian?), and do not appear, so far as I know, after the close of

the Silurian Period ; indeed, Ectomaria is not represented later

than the Ordovician. In America, Ulrich & Scotield state that

Hormotoma commences in the Calciferous Group and extends to the

end of the Silurian. They consider that Hormotoma is represented

in the Devonian by M. desiderata and M. Mala, Hall species

which agree with Hormotoma in possessing strongly retreating and
advancing lines of growth ; but they say that a slit is added to the

bottom of the sinus. Ectomaria appears to be confined to the

Ordovician, both in America and in the Baltic Provinces. Hormo-
toma ranges from the Ordovician and throughout the Silurian in

the Baltic Provinces and Scandinavia. Lophospira, Whitfield, as

emended by Ulrich, contains both elongated and short forms, and
is said to range from the Calciferous Group upward to the middle

1 Quart. Journ. Geol. Soc. vol. lv (1899; p. 251.
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of the Devonian. The British species are not fully worked out

;

but they begin, so far as known, in the Durness Limestone, and
continue throughout the Ordovician and into the Silurian Period.

The elongated forms probably have L. (?) angulocincta and the

shorter L. borealis, from the Durness Limestone, as their earliest

representatives. Cyrtostroplia ranges from the Bala Formation

(Ordovician) upward throughout the Silurian Period.

From what has been said, it is clear that we have no certain

evidence of the appearance of typical Murcliisonia?, in the British

Proterozoic rocks, but the genus may have begun in the Wenlock
Formation and be represented by M. (?) dudleyensis (p. 320). Pos-

sibly some of the forms from the Silurian of Gotland described by
Lindstrom in his Ornataa division may be true Murchisonice; but the

existence of a slit is not indicated in any of the figures, and Ulrich

refers them to Lophospira, with the exception of M. defleoca and
M. crispa. The latter is represented with an opening in the outer lip,

which has, however, more the appearance of a sinus than a slit. As
before stated (p. 31 G), the earliest-known British species that exhibits

a slit is a short form occurring in rocks of Llandeilo age. America
possesses an older representative of Pleurotomaria showing the slit,

in ScJiizolopha textilis, Ulr., which is from the upper part of the

Trenton Group. So far, no light is thrown on the question as to

whether Murdiisonia and Pleurotomaria are derived from the same
stock ; nor have I yet met with any specimens showing a transition

from the sinus to the slit.

Before proceeding to describe the species above mentioned, I

would like to make two emendations in my last paper. I think

that the species described as Hormotoma antiqua 1 should be trans-

ferred to the genus Ectomaria, the body-whorl being less produced,

the whorls wider, and the lines of growth more oblique, than is

usual in Hormotoma. I was previously much impressed by its

resemblance to E. WieszJcoivskii, Schmidt, the type of- the genus
Ectomaria, but the slight prominence of the keels caused me to

place it in Hormotoma. A further examination of the specimen has

led me, however, to conclude that this may be an accident in the

manner of preservation, and that the weight of the evidence is in

favour of its reference to Ectomaria.

The other correction that I wish to make concerns the locality

of the specimen of Hormotoma articulata mentioned on p. 269 (op.

cit.) as from the ' railway-tunnel shale ' of Sedgley. Mr. Madeley
informs me that the locality should be stated as Dudley. I may also

mention here that I have seen another example of this species in the

Nicholl Collection, in the Cardiff Museum, from the Wenlock Beds of

Garcaed, Usk.

When I described Ectomaria girvanensis 2 from rocks of Llandeilo

[Lapworth] age at Minuntion, I knew of only two specimens in the

1 Quart. Journ. Geol. Soc. vol. lv (1899) p. 270 & pi. xxii, fig. 9.
a Bid. p. 256.
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collection of Mrs. Gray. She has now six others, one of which
shows the lines of growth distinctly, and is figured in PI. TIT,

%. 11.

I am greatly indebted for the loan of specimens to Mrs. Robert
Gray, Edinburgh ; Prof. Hughes, Cambridge ; Prof. Sollas, Oxford :

the late Prof. Lindstrom, Stockholm
; the Geological Survey of

Scotland; and the respective committees of the Museums at Carlisle,

Bristol, and Cardiff. I must also render thanks for assistance in

studying collections to Mr. E. T. Newton, Dr. A. Smith Woodward,
Mr. R. B. Newton, Mr. H. A. Allen, Mr. Madeley of Dudley, and
Dr. Scharff of Dublin ; and for help in looking up references to

Mr. C. D. Sherborn. To Mr. Goodchild 1 am much obliged for

revising this paper.

Family Murchisoniidje, Koken.

Genus Murchisonia, d'Arch. & de Vera.

MuKCHISONlA (?) DUDLEYENSIS, Sp. 110V. (PI. VII, fig. 1.)

Diagnosis.— Shell somewhat robust, elongated, turreted, com-
posed of more than nine whorls. Whorls increasing gradually,

strongly angular below the middle of the earlier whorls and
rather above the middle of the body-whorl, flattened or slightly

concave above, convex below. Angle surmounted by a broad, flat

band, which represents the slit or sinus in the outer lip. Lines of

growth imperfectly seen, sloping forward below the band at a

moderate angle. Aperture unknown. Surface apparently smooth.

Remarks and Resemblances.—This species, so far as I know,
is represented only by two external moulds. In its robust form

and broad prominent band it recalls the Carboniferous species

31. Tcendalensis, M'Coy ; also some of the smooth varieties of the type

MrMurbinata, Schloth., especially where the band of the latter is so

worn as not to show its grooved form limited on each side by a strong-

keel. As the species under discussion is not very well preserved, it

is possible that the band may also have been originally bounded by

keels in the earlier stages of growth, as in M. Jcendalensis— if not

in every stage, as in M. turbinata. Taking this into consideration, I

refer it to Murchisonia, though the aperture and lines of growth are

not sufficiently preserved to show whether it possessed a true slit

in the outer lip. Among Silurian species it most nearly resembles

M. attenuate, His., but differs in having the band situated lower

on the whorl, the sutures not so oblique, and the lines of growth

sloping less strongly forward belowr the band.

Localities and Horizon.—The largest specimen is in the

Dudley Museum, and is from shale between two divisions of the

Wenlock Limestone, Dudley. The apex is imperfect, and the

nine existing whorls measure 56 millimetres in length and 19 mm.
in width. The other and better preserved example is in the Museum
of Practical Geology, London, and is figured in PI. VII, fig. 1. It
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is from the WeDlock Limestone of Dudley, and is broken so that

only six whorls remain, which measure 38 millimetres in length and

14 mm. in width.

Section Goniostropha, CEhlert.
1

CtONIOSTROPHA (?) ELEGANS (Sollas). (PL VH, figs. 2-4.)

MurcMsonia elegans. W. J. Sollas, 1879, Quart. Jouvn. Geol. Soc. vol. xxxv,

p. 4-99 & pi. xxiv, fig. 8 : R. Etheridge. 1888, 'Foss. of Brit. Is.' vol. i (Palaeozoic)

p. 418.

Diagnosis.—Shell slender, elongated, turreted, composed of

about nine whorls. Whorls increasing gradually, angular generally

below the middle, concave above the angle, flat below. Orna-

mentation consisting of a fine thread above, immediately beneath

the suture, and another below which shows above the suture on some

of the whorls of the spire. Sinual band composed of two strong-

threads placed rather near together, with a groove between them.

Lines of growth not very distinct, sloping back to the band above

and forward again below, with a moderate degree of obliquity ; not

seen on the band itself. Base produced. Aperture unknown.
Remarks and Resemb lances.—All the members of this

species that I have seen occur as external moulds, and the figures are

drawn from wax-impressions. The type is in the Bristol Museum,
and there are three other examples in the Cardiff Museum.
Associated with the specimen called M. elegans are three individuals

referred to M. gracilis,. Hall, by Prof. Sollas, which appear identical

with it, and only differ in the band being rather higher above the

suture. In some specimens the sutures appear very oblique,

and in others almost horizontal; the original shells have evidently

been contorted obliquely, so that the degree of obliquity of the

sutures differs on each side of an individual. In one case a

representation of the whole contour of the shell has been obtained,

and the differences in the obliquity of the suture, and in the degree

of the spiral angle, may be observed according to the view taken on

the single individual, instead of on different ones. The spiral angle

may also appear either greater or less, according to the section of

the mould made in breaking the rock. In the type (one of the

individuals marked M. gracilis), and also in one of the specimens at

the Cardiff Museum, the spiral angle appears wider than the normal

;

while in two other examples at the Cardiff Museum the spiral angle

is less, and the whorls more exsert, which characters give the shells a

very slender appearance. Goniostropha elegans differs from Murchi-
sonia gracilis, Hall, in the whorls being more excavated above, and
in the form of the band ; it is quite distinct from this, and from any
other species with which I am acquainted. As neither the outer

lip nor the lines of growth on the band are preserved, it is im-
possible to decide whether the shell possessed a slit or a sinus. It

is much less robust than the typical MurcMsonia, and in general

appearance agrees more nearly with the Section Goniostropha,

1 Bull. Soc. itud. Sci. Angers, 1887 (sep. cop.) p. 13.
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(Ehl. than any other : consequently I place it there provisionally.

M. (Ehlert does not state whether the forms grouped in this Section

possess a slit or a sinus.

Dimensions.—The type (PI. VII, fig. 2) has the apex broken;

the six remaining whorls measure 13 millimetres in length and 5 mm.
in width. The specimen marked M. gracilis (PI. VII, fig. 3) has

portions of six whorls preserved, in a length of 14 mm. An example

(PI. VII, fig. 4) with exsert whorls, in the Cardiff Museum, has

about eight whorls in a length of 23 millimetres.

Localities and Horizon.—The specimens in the Bristol

Museum are from the Ctenodonta-hed in the Ehymney Grit,

Rhymney Hill, Cardiff, and are of Lower Wenlock age. Those in

the Cardiff Museum are in the Storrie Collection, from Tymaur
Lane, Rhymney, near Cardiff; and the rock in which they occur is

similar to that just mentioned.

Subgenus Cyrtostropha, nov.

Diagnosis.—Shell elongated, conical, composed of numerous

whorls. Whorls more or less convex, slightly flattened above,

generally with a prominence or subangularity between the upper

suture and the band. Band grooved, bordered on each side by a

raised thread or keel, submedian, and situated on the widest part

of the whorl. Lines of growth curving back to, and forward from,

the band with a moderate degree of obliquity, more oblique below,

and forming crescents on the band itself. Ornamentation consisting

of spiral lines and a shallow groove immediately above the band.

Aperture subovoid. Columella nearly straight.

Type, Cyrtostropha corallii (Sow.).

Remarks and Resemblances.—This subgenus differs from

the typical Murchisonia in its more convex whorls and more

oblique lines of growth, especially below the band, and probably in

the presence of a sinus instead of a slit in the outer lip. None of

the specimens with which I have met have the aperture well pre-

served, so it is impossible at present to determine this latter point.

Cyrtostroplia greatly resembles Hormotoma in the convexity of its

whorls, but is distinguished by the less oblique lines of growth

and the spiral and grooved ornamentation.

Dimension s.—The length varies from about 6 to 36 millimetres.

Range.—Prom the Bala Formation up to and throughout the

Silurian Period.

Cyrtostropha corallii (Sow.). (PI. VII, figs. 5 & 6.)

Pleurotoma corallii, J. de C. Sowerby, 1839, ' Sil. Syst.' p. 612 & pi. v, fig. 26.

Murchisonia corallii, A. d'Archiac & E. de Verneuil, 1841, Bull. Soc. Geol.

France, vol. xii, p. 160 ; ? F. M'Coy, 1846, ' Syn. Silur. Foss. Irel.' p. 16 ; J. Phillips,

1848, Mem. Geol. Surv. vol. ii, pt. i, ' Malvern Hills ' p. 258 ; H. G. Bronn, 1848,
' Index Pala?ont.' pt. i, p. 747 ; A. d'Orbigny, 1850, ' Prodr. de Paleont. Strat.' vol. i,

p 31 ; J. Morris, 1854, ' Catal. Brit. Foss.' 2nd ed. p. 259 ; J. Sowerby, 1867, ' Siluria

'

4th ed. pi. xxiv, fig. 7 & p. 532 ; J. J. Bigsby, 1868, ' Thes. Silur.' p. 158 ; A. C.

Ramsay, 1881, Mem. Geol. Surv. vol. iii, ' Geol. N. Wales ' 2nd. ed. p. 468 : J. D.

La Touche, 1884, ' Geol. of Shropshire ' p. 80 & pi. xviii, fig. 634; R. Etheridge, 1888,
' Foss. Brit. Is.' vol. i (Palaeozoic) p. 113.
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Diagnosis.—Shell conical, composed of more than six whorls.

Whorls increasing gradually, somewhat convex, adpressed at the

suture. Band situated on* the widest part of the whorl, near the

middle of the body-whorl, and slightly below the middle of the

earlier whorls, broad, flat, and rather prominent, margined on each

side by a fine raised thread. Above the band is a wide, shallow

groove, of nearly the same width as the band itself ; below the

band is a strong keel which shows just above the suture. Lines

of growth moderately oblique, curving back to the band above and
forward again below, where they are strong and thread-like, and
forming somewhat indistinct crescents on the band itself. Aperture
longer than wide, columella nearly straight, inner lip spreading

round its base. Umbilicus closed. Base convex.

Remarks.—This species was first described and figured by
Sowerby, in Murchison's ' Silurian System/ as a member of the genus
Pleurotoma ; but his specimen was too imperfectly preserved to show
much of its real character, merely traces of the band being visible.

Its specific name evidently arises from its generally occurring

embedded in coral. The broad, solid-looking band distinguishes

it from all other species.

Localities and Horizon.—The best preserved specimen

(PL VII, fig. 5) with which I have met is in the Grindrod
Collection, University Museum, Oxford : it is from Upper Ludlow
rocks, the exact locality of which is not given, but it is most probably

from the neighbourhood of Malvern. The apex is wanting; the

remaining five and a half whorls measure 19 millimetres in length

and 7 mm. in width. The coral in which the shell is embedded is

labelled Stenopora fibrosa var. incrustans. There are also portions

of several other examples in this collection from the same strata.

The type, which is in the possession of the Geological Society, is from
the top bed of the Aymestry Limestone at Larden : it consists of

four and a half whorls, the earlier ones also are broken off, and
those left have a length of 12 mm. Other localities recorded in

the ' Silurian System ' are Ludlow Promontory ; Fownhope, Botte-

ville, north side of Caer Caradoc ; Aran, near Newnham, north-

east of Gaerfawe ; and Bradnor Hill, Kington. In the Museum of

Practical Geology, Jermyn Street, are specimens from Prior Court,

Hales End, and Frith Farm, Malvern. There are also casts marked
Murchisonia corallii, from Whitcliff, Ludlow, and Brook Wern, Llan-
deilo, but they are not well enough preserved for certain identifi-

cation. The Piper Collection, in the Natural History Museum,
South Kensington, contains an example from Frith, Ledbury. In
the ' Geology of the Malvern Hills,' Phillips records this species from
the following localities :—Malvern District : Overley, Hope End
Pond, Coomb Hill. Abberley District : Ankerdine Hill. Woolhope
District : Perton, Pride's Court, Hayle, Pilliard's Barn, Bodenham.
Builth District : Henllwyn Hill, Cwm Craigddu. In all these cases

the beds in which the fossil was found are of Upper Ludlow age.

La Touche states that this species occurs in Ludlow rocks at Botville,

Stoke Wood. M'Coy says that Murchisonia corallii is found at

Q.J.G. S. No. 230. z
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Knockniahon, Tramore (Waterford). I have seen the fossil to which
he refers in the Museum of Science & Art, Dublin ; it is merely a

cast, and admits of no precise comparison. The Rev. M. S. Donald
has external casts from the Kirkby-Moor Flags, Lily Mere; and
there are also several external casts in the Woodwardian Museum,
Cambridge, from the same beds at Benson Knott, Kendal.

CrRTOSTROPHA scitula, sp. iiov. (PI. VII, figs. 7, 7 «, & 8.)

Diagnosis.—Shell elongated, turreted, composed of more than
eleven whorls. Whorls increasing somewhat gradually, slightly

angular below the middle, especially in the earlier stages of growth

;

contour convex both above and below the angle, convexity greater

in the later whorls. Band situated on the angle, grooved and
limited on each side by a keel. Lines ,of growth fine, curving back
to the band above and forward below at a moderate angle, not
seen on the band itself. Ornamentation consisting of several spiral

raised threads, a strong one being situated about midway between the

band and the suture below, and another above, bounding a slight

depression between it and the band ; there are also two or three

finer threads between this and the upper suture. Sutures deep.

Aperture unknown.
Remarks and Resemblance s.—This species greatly resembles

C. corallii in the contour of the whorls and in its occurrence

embedded in coral, and it may possibly be a variety of that shell.

It differs in having a greater spiral angle and more evenly convex

whorls which are not adpressed at the suture, in the band being

deeply grooved, rather narrower, and its limiting threads being

stronger ; also the thread below the band is not so strong, and occurs

midway between the band and the suture, instead of immediately

above the latter. It is distinguished from MwcJiisonia bicincta,

M'Coy, by its greater robustness, and in the band being higher

above the suture and bounded by stronger keels.

Dimensions and Localities.—None of the specimens of this

species with which I have met have the aperture preserved, and they

are all embedded in coral, with the exception of a small external cast

from Spital, Kendal, in the Woodwardian Museum, Cambridge, which

is probably this species, though not well enough preserved to admit

of precise determination. The largest is in the Piper Collection,

Natural History Museum, South Kensington : it has about seven

and a half whorls preserved, with a length of 27 millimetres and

a width of 94 mm. It was found at Prith, Ledbury.

A specimen (PI. VII, fig. 7), consisting of eleven whorls, is in the

Grindrod Collection, University Museum, Oxford. It has a length of

20 millimetres and a width of 9 mm. The locality is not recorded,

but the fossil is probably from the neighbourhood of Malvern.

In the Worcester Museum there is a very young individual,

consisting of eight whorls, the length of which measures 6'5 milli-

metres, and the width 3 mm. It was found in the Upper Ludlow
of Chance's Pitch, Malvern.
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Ctrtostropha bicincta (M'Coy). (PI. VII, figs. 9, 9 a, & 10.)

Murchisonia bicincta, F. M'Coy, 1846, ' Syn. Silur. Foss. Irel.' p. 16 & pi. i, fig. 17 ;

J. Morris, 1854, 'Catal. Brit. Foss.' 2nd ed. p. 258; J. Sowerby, 1867, ' Siluria,'

4th ed. p. 532 ; J. J. Bigsby, 1868, ' Thes. Silur.' p. 157 ; (?) J. Armstrong, J. Young,
& D. Robertson. 1876, 'Catal. West. Scot, Foss.' p. 19; A. C. Ramsay, 1881, Mem.
Geol. Surv. vol. iii, ' Geol. N. Wales ' 2nd ed. p. 414; R. Etheridge, 1888, 'Foss. Brit.

Is.' vol. i (Palaeozoic) p. 113 ; (?) J. Home & B. N. Peach, 1899, Mem. Geol. Surv.
' Silur. Rocks of Britain ' vol. i, pp. 682, 695 & 699; non J. Hall, 1847, ' Pal. N. Y.'

vol. i, p. 177 & pi. xxxviii, fig. 5.

Diagnosis.—Shell small, eonicaJ, composed of about ten whorls.

Whorls slightly convex, increasing gradually. Band situated on
the widest part of the whorl, low down and but a short distance

above the suture, almost level with the surface, being but slightly

grooved, bounded on each side by a strong raised thread. There is

a slight groove above the band, limited by a faint thread, and indi-

cations of two other threads are perceptible immediately below the

suture. Lines of growth not preserved. Aperture unknown.
Eemarks and Eesemblances.—The Museum of Science &

Art, Dublin, contains but one specimen of this species, which is

M'Coy's type (PI. VIT, fig. 9). As neither aperture nor lines of

growth are preserved, its exact relationship cannot be ascertained.

It bears considerable resemblance to C. scitula and C. corallii,

therefore I refer it to Cyrtostroplia. It is distinguished from both

these species by its much smaller size, less prominent whorls, and
the lower position of the baud. Alhough it is entered in the list of

Western Scottish fossils, I have not seen any shell identical with
this in the Scottish collections. This species must not be con-

founded with Murchisonia bicincta, Hall, which is quite distinct, and
has since been referred to LopTiospira by Whitfield, 1 being con-

sidered by him as one of the types of that genus.

Dimensions.—The length=6-25 millimetres, and the widths
about 3 mm.

In the Museum of Practical Geology, Jermyn Street, are three

specimens which agree exactly with C. bicincta (M'Coy) in form and
ornamentation, except that they are reversed. The varietal name
perversa is inscribed on the tablet, but I have been unable to obtain

any clue as to its origin. It has evidently been written there since

the publication of the Catalogue in 1878, as it is not included

therein. These shells are slightly larger than the type, and all are

imperfect, none showing either apex or base. Two consist of seven
whorls : the larger measures 8J millimetres in length ; the other,

which is figured in PI. VII, fig. 10, measures 8 mm. in length.

The smallest specimen has only four and a half whorls in a length

of 5 millimetres.

Horizon and Locality.—The type, as well as these reversed
specimens, occurs in limestone of Bala age, Chair of Kildare.

1 Bull. Amer. Mus. Nat. Hist. vol. i (1886) p. 312.

z2
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Cyrtostropha torquata (M'Coy). (PL VIII, figs. 1, 1 a, & 1 b.)

MurcMsonia torquata, F. M'Coy, 1852, ' Brit. Palseoz. Foss.'. p. 294 & pi. xiv,

figs. 19, 19 a ; J. Morris, 1854, ' Catal. Brit. Foss.' 2nd ed. p. 259 ; J. Sowerby, 1867,
'Siluria' 4th ed. p. 533; J. J. Bigsby, 1868, 'Thes. Silur.' p. 159; J. W. Salter,

1873, ' Catal. Cambr. Foss.' p. 185, non p. 191 ; A. C. Ramsay, 1881, Mem. Geol.

Surv. vol. iii, ' Geol. N. Wales ' 2nd ed. p. 468 ; B. Etheridge, 1888, ' Foss. Brit. Is.'

vol. i (Palaeozoic) p. 114 ; H. Woods, 1891, ' Catal. Type Foss. Woodward. Mus.' p. 108.

Diagnosis.—Shell conical, composed of about eight whorls.

Whorls increasing at a, moderate rate, convex, with a swelling or

thickening of the upper edge immediately below the suture. Band
situated near the middle of the body-whorl and considerably below
on the earlier whorls, slightly grooved, and bounded by a raised thread

on each side. Lines of growth sharp, stronger above than below,
curving back to the band above and rather more obliquely forward
below, and forming crescents on the band itself. Aperture sub-ovoid.

Remarks and Resemblances.—This species is at present

known only in the form of external moulds, which are more or less

weathered and imperfect. The band and aperture are not very
well preserved in any of the specimens. Salter, in his ' Catalogue of

the Cambrian & Silurian Fossils ' p. 191, refers Murchisonia tor-

quata to Hormotoma. Though greatly resembling members of that

genus in its convex whorls, it differs decidedly in having less oblique

lines of growth. It is most like some of the species of Cyrtostroplia,

and I refer it to that subgenus for the present, because although the
spiral lines with which the members are generally ornamented are

not visible, there appear to be traces of a groove above the band on
one or two specimens. This is a very characteristic feature in Cyrto-
stroplia, in conjunction with the convex whorls and grooved band.
Dimensions.—The largest example that I have seen is in the

\Yoodwardiau Museum, Cambridge, from the Kirkby-Moor Flags of
Spital. It is very badly preserved, the apex is absent, and only six

whorls remain : these measure 18 millimetres in length and 7 mm.
in width. Next to it, in the same piece of rock, is the specimen
which was probably M'Coy's type : it consists of about eight whorls,

measuring 11 mm. in length and 6 mm. in width. Fragments
of other specimens from both Spital and Benson Knott show the
surface better. Two of the examples figured (PI. VIII, figs. 1 & 1 a)
arc in the Kev. M. S. Donald's collection ; fig. 1 measures 13 milli-

metres in length and 5 mm. in width.

Localities and Horizon.—M'Coy states that this species is

common in the Upper Ludlow of Spital and Benson Knott, Kendal •

also in the tilestones of Storm Hill, Llandeilo (Caermarthenshire).

There are specimens from all these localities in the Woodwardian
Museum, Cambridge. Salter {op. cit. p. 191) also refers an ex-
ternal mould from Pontaryllechau to this species ; but both it and
that from Storm Hill are too poorly preserved to be referred to

C. torquata with certainty, there being no trace of band or surface-

ornamentation. Some external moulds, also from Kendal, are in the
Carlisle Museum. The Bev. M. S. Donald has about six specimens
in his collection, from the Kirkby-Moor Flags, Lily Mere.
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Cyrtosteopha. obscura (Port!.). (PL VIII, figs. 2, 2 a, & 3.)

Loxonema obscura, J. E. Portlock, 1843, ' Geol. Rep. Londonderry' p. 415 &
pi. xxxi, fig. 3; (?) H. G. Bronn, 1848, 'Index Palseont.' pt. i, p. 670.

Murchisonia obscura, J. Morris, 1854, ' Catal. Brit. Foss.' 2nd ed. p. 259; J. Sowerby,

1867, 'Siluria' 4th ed. p. 197, Foss. 40, fig. 3; J. J. Big-sby, 1868, ' Thes. Silur.'

p. 158 ; (?) J. Armstrong, J. Young, & D. Robertson; 1876, ' Catal. West. Scot. Foss.'

p. 19; pars, A. C. Ramsay, 1881, Mem. Geol. Surv. vol. iii, 'Geol. N. Wales' 2nd
ed. p. 414 ; R, Etberidge, 1888, ' Foss. Brit. Is.' vol. i (Palaeozoic) p. 113 ; (?) J.

Home & B. N. Peach, 1899, Mem. Geol. Surv. ' Silur. Rocks of Britain ' vol. i, pp. 682

& 695 ; (?) B. N. Peach, J. Home, & A. Macconochie, 1901, in ' Fauna, Flora, & Geol.

of Clyde Area' publ. by Local Comm. for Meeting of Brit. Assoc. Glasgow, p. 438.

Diagnosis.— Shell elongated, tnrreted, composed of more than

seven whorls. Whorls increasing at a moderate rate, convex, more

or less smooth. Band situated near the middle of the body-whorl

and below the middle of the whorls of the spire, slightly depressed,

bounded by an indistinct ridge on each side. Lines of growth

sloping back to the band above, and forward again below. Aperture

imperfectly known, sub-ovoid. Base produced. No umbilicus.

Remarks.—The only known examples of this species are very

imperfect, being fragmentary, compressed, and much weathered. It

bears more resemblance to Cyrtosti-ojjha than to true Murchisonia,

especially as on a wax-impression (taken from an external mould)

there appear to be indications of the groove above the band bounded

by a thread, so universal in this subgenus. It was originally

regarded as Loxonema by Portlock, but the possession of a band
distinguishes it from the members of that genus.

Localities and Horizon.—In the Museum of Practical Geology,

Jermyn Street, are two specimens which are little better than internal

moulds, and the. external impression of one of these, from rocks of

Bala age at Desertcreight (Tyrone). One of these (PL VIII, fig. 2) is

Portlock's type ; it has the apex broken, the seven remaining whorls

measuring 27 millimetres in length and 13 mm. in width ; as the

specimen is flattened by pressure, the width appears greater than

it must have been originally. Another fragment from Tyrone,

consisting of about two whorls, is referred to this species, but I am
uncertain as to its identity ; it is embedded in the matrix, and the

band appears to be higher than in the type. In the Harkness
Collection, in the Carlisle Museum, are two examples : one from the

Chair of Kildare, and the other from Pomeroy, referred to this

species, but they are too badly preserved to admit of precise deter-

mination. I feel very doubtful whether the specimens in the Scottish

lists which are called Murchisonia obscura are really referable to this

species ; those in Mrs. Gray's collection are certainly not identical.

CtbtostpvOpha eobusta, sp. nov. (PI. VIII, fig. 4.)

Diagnosis.—Shell elongated, conical, composed of more than
ten whorls. Whorls increasing gradually, convex, slightly flattened

above. Band situated on the widest part of the whorl, rather below
the middle, almost level with the surface, bounded on each side by
a strong raised thread. Lines of growth sloping back to it above
and advancing with greater obliquity below, not seen on the band
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itself, There is a shallow groove immediately above the band, and
several fine threads ornament the surface. A short distance beneath

the band is a subangularity, below which the base appears rather

flattened ; between this angularity and the band there is also a slight

thread. Aperture imperfectly known.
Remarks and Resemblances.—There is but one specimen

of this species at present known, and it is in Mrs. Gray's collection.

It resembles somewhat C. obscura, Portl., but the whorls appear to

be broader and the lines of growth more oblique than in that species,

of which the only examples are so badly preserved that it is difficult

to make a just comparison.

Dimensions.—Length=36 millimetres; width= 14 mm.
Locality and Horizon.—Thraive Glen, in beds of Upper Bala

age [Lapworth].

Cyrtostropha Ordoyix, sp. nov. (PI. VIII, figs. 5 & 5 a.)

Diagnosis.—Shell elongated, turreted, composed of more than

nine whorls. Whorls increasing gradually, more or less convex,

but slightly flattened above. Band submedian on the body-whorl,

but below the middle of the earlier whorls, concave, and bounded
on each side by a strong raised thread. Ornamentation consisting

of a ridge or swelling just below the suture, and several fine spiral

lines, the strongest of which is a short distance above the band,

bounding a space less than the width of the band. Lines of growth
sloping back to the band above, with but slight obliquity, and
advancing below with greater obliquity, not seen on the band itself.

Aperture imperfectly known.
Remarks and Resemblances.—This species, so far as I know,

is at present represented by only three specimens in Mrs. Gray's

collection, and they are all more or less imperfect and crushed.

The ornamentation is indistinct at the best, and is not seen on the

earlier whorls. G. Ordovix somewhat resembles Hormotoma
Grayiana, but is distinguished from it by being more slender, by the

spiral ornamentation, and by the lesser obliquity of the lines of

growth.

Dimensions.—The largest specimen is figured in PI. VIII,
figs. 5 & 5 a, and consists of seven whorls, both apex and base

being broken ; it measures 25 millimetres in length, and the pen-

ultimate whorl measures about 7'25 mm. in width. Another example
has eight and a half whorls in a length of 22 millimetres.

Locality and Horizon.—Shalloch Mill (Ayrshire), in beds of

Middle Bala age [Lapworrh].

Genus Hormotoma, Salt.

Subgenus Goniospira, nov.

Diagnosis.—Shell elongated, composed of numerous gradually

increasing whorls. Whorls angular near the middle, surface smooth.

A narrow, prominent, more or less convex and indistinctly limited

band on the angle. Lines of growth sloping back to the band
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above and very obliquely forward below, curved on the band itself,

indicating the existence of a deep V-shaped sinus in the outer lip.

Aperture imperfectly known, inner lip slightly thickened. Base

produced. Umbilicus closed. Sutures very oblique.

Type, G. filosa, sp. nov.

Eemarks and Resemblances.—In a former paper 1
1 referred

to this group of shells as greatly resembling Hormotoma, regarding

it as a subgenus, but I had not then met with any British speci-

mens, and therefore abstained from naming it. Goniospira is like

Hormotoma in its elongated smooth form, and in the character of the

sinus and the lines of growth. It differs in possessing more angular

whorls, and in the band being prominent and slightly convex.

Prom Lophospira it is distinguished by. the band being less distinctly

limited, and by the greater obliquity of the lines of growth.

Dimensions.—The length varies from 23 up to possibly

75 millimetres.

Eange.—This subgenus most probably ranges from the Ordo-

vician up to the end of the Silurian System. The only known
British representative is from the Middle Bala [Lapworth] of the

Girvan district. Murchisonia Artemesia, Billings,
2 from the Calci-

ferous Group of Canada, which has a convex band, possibly belongs

here, but the whorls appear less angular. Also M. attenuata, His.,3

from the Silurian of Gotland, has the essential characteristics of this

subgenus, although the angularity on the base is not so marked.

Goniospira filosa, sp. nov. (PI. VIII, figs. 6 & 6 a.)

Diagnosis.— Shell elongated, turreted, composed of more than

eight whorls. Whorls increasing gradually, angular near the

middle, slightly excavated above, flat below, with a strong angle on

the base, which is hidden by the suture in the earlier whorls. The
only ornamentation is a raised thread immediately below the suture.

Band prominent, narrow, convex, situated on the angle. Lines of

growth sharply defined, curving back to the band above, and very

obliquely forward below, continuing across the band, and forming a

V-shaped sinus. Sutures very oblique. Aperture longer than

wide ; columella-lip slightly thickened. Base produced. Umbilicus

closed.

Remarks and Resemblances.—This species is represented

at present by only one specimen in Mrs. Gray's collection, which is

remarkably well-preserved, and shows the lines of growth distinctly.

As I observed in describing the subgenus, it bears most resemblance

to Hormotoma : especially the earlier part of the spire, when the

outer shell-layer is removed, obliterating the prominence of the

band, which here appears level with the surface, having the lines

of growth continuous across it from suture to suture. The smooth

i Quart. Journ. Geol. Soc. vol. lv (1899) p. 260.
2 Geol. Surv. Canad. ' Paheoz. Foss.' vol. i (1865) p. 345 & fig. 332.
3 Liudstrom, ' Silur. Gastrop. & Pterop. Gotl.' Kongl. Svensk. Vet.-Akad,

Handl. vol. xix, No. 6 (1884) p. 130 & pi. xii, figs. 20-24.
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form, combined with the angular whorls, distinguishes it from all

other species.

Dimensions.—There are five whorls, with the impression of

three more in the matrix. The length = 23 millimetres, and the

width = 8 millimetres.

Locality and Horizon.—Shalloch Mill (Ayrshire), in rocks

of Middle Bala age [Lapworth].

Genus Turritoma, Ulrich. 1

Diagnosis.—Shell elongated, consisting of numerous whorls.

Whorls somewhat flattened, convex above, slightly concave in the

middle, and most prominent in the lower part where the band is

situated ; other features apparently as in Hormotoma.
Type, T. acrea ("Billings).

Ulrich states that

' this is a well-marked group of species, readily distinguished from Bormotoma
(to which the group is related) by the flattened instead of uniformly rounded
volutions, and by the lower position of the band.'

Besides the type, he considers that it includes T. Ada (Billings),

T. Boylei (Nicholson), T. constricta (Whiteaves), T. ca^a(Lindstrom),

and T. Laphami (Hall). The tyne, judging from the figure,

apparently has the whorls slightly convexo-concave, but this does

not appear to be the case with Murchisonia Boylei and M. Laphami
;

indeed, Nicholson states that the whorls of the former are flat.
2

Item arks.—In Mrs. Gray's collection I have met with two species

which correspond more nearly to the diagnosis of Turritoma than

that of any other genus, except that the whorls are not convexo-

concave, but flat or very slightly convex. I therefore refer them
here provisionally. They differ from Hormotoma in this flatness of

the whorls, in the less produced base, and also in the band being lower

than is usually the case in that genus. The form of the band and
the direction of the lines of growth are similar to those of Hormotoma.
They have most in common with H. cingulata (His.),3 the flattened

whorls and low-lying band of which caused me to regard it as a

doubtful member of the genus ; and if the convexo-concavity of the

whorls be not an essential character of Turritoma, that species should

perhaps be removed hither.

TlJRRlTuMA (?) POLITA, Sp. UOV. (PL VIII, figS. 7 & 8.)

Diagnosis.—Shell conical, of moderate size. Whorls about ten,

somewhat flattened, and but slightly convex, smooth. Sinual band
near the middle of the body-whorl, but very low down on the

earlier whorls, appearing just above the suture, broad, flat, level

with the surface, limited on each side either by a groove or by a

slight, raised thread. Lines of growth curving obliquely back to

the band above, much more obliquely forward below, and curved

1 Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) p. 959.
- Quart. Journ. Geol. Soc. vol. xxxi (1875) p. 547.
3 Ibid. vol. lv (1899) p. 265.
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on the band itself, indicating a fairly deep sinus. Sutures deep.

Aperture imperfectly known, apparently sub-ovoid.

Remarks and Resemblances.—So far, only two specimens

of this species are known to me, and these are in Mrs. Gray's

collection. They are both more or less crushed and flattened by

pressure. The spiral angle of the higher whorls of the largest

individual is smaller than that of the rest of the spire ; whether this

is a natural condition, or caused by pressure, it is impossible to say :

it may perhaps be the result of both. This shell (PL VIII, fig. 8)

measures 16 millimetres in length and 7*5 mm. in width ; it is partly

embedded in the matrix. The other (PI. VIII, fig. 7) has six whorls

in a length of 13 mm., the width measuring 6 mm. in one direction,

and 4-5 mm. in the other; it is disengaged from the matrix. The

lines of growth are strong and well marked on part of the body-whorl.

This is quite distinct from all previously described British species.

Locality and Horizon.—Shalloch Mill (Ayrshire), in rocks

of Middle Bala age [Lapworth].

TUKRITOHA. (?) PINGUIS, Sp. nOV. (PI. IX, figS. 1—3.)

Diagnosis.—Shell conical, or somewhat pyramidal. Whorls

about nine, increasing rather rapidly, smooth, flat above, angular

at the periphery. Band generally flat, but sometimes slightly

raised and convex on the last whorl, limited by a groove on each

side, situated on the periphery, near the middle of the body-whorl,

just visible above the suture on the penultimate whorl, wholly or

partly hidden on the earlier whorls. Lines of growth strong,

sweeping obliquely back to the band above and still more obliquely

forward below, forming crescents on the band, and indicating the

existence of a deep sinus in the outer lip. Sutures deep. Base

flattened and very slightly convex. Umbilicus closed. Aperture

imperfectly known.
Remarks and Resemblances.—This shell much resembles

T. (?)polita, but differs in being of greater size, and in the whorls in-

creasing more rapidly, thus rendering the shell shorter in comparison

to the width. Also the body-whorl appears more angular, and the

base flatter and less produced. In the conical spire and flatness of the

whorls it is like Euconia Etna (Billings)
1 and E. Ramsayi (Billings)

2

;

but it is distinguished from both by being more elongated, having
the base less flattened, the band on the periphery, the lines of

growth forming a deeper sinus, and the absence of an umbilicus.

Dimensions.—There are eight specimens in Mrs. Gray's col-

lection. The largest has five whorls preserved in a length of

23 millimetres, the width measuring 13 mm. The specimen figured

in PI. IX, fig. 1, also has five whorls, and measures 22 millimetres

in length and 13 mm. in width. Another individual, if entire, would
consist of about nine whorls in a length of 13 millimetres.

Locality and Horizon.—Thraive Glen, in rocks of Upper
Bala age [Lapworth].

1 Geol. Surv. Canad. * Palujoz. Foss.' vol. i (1865) p. 226 & fig. 210.
2

' Canad. Nat. & Geol.' vol. iv (1859) p. 351 & figs. 3 & 4.
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Genus Lophospira, Whitfield. 1

This genus is thus described by R. P. AVhitfield (loc. tit.),

' Shells univalve, with elevated spires and strongly carinated or keeled
volutions

; whorls closely coiled in the upper part, but often becoming discon-
nected below from a too rapid descent of the coil. Central keel marking the
position of a sinus or notch in the outer lip of the aperture. Axis usually
minutely perforate when the whorls are not disconnected. Types : Murchisonia
bicincta= M. Milleri, Hall, and M. helicteres, Salter.'

It has since been emended and divided into sections and sub-
sections by Ulrich. 2 I hope, in a future paper, to discuss this genus
fully, and describe all the known British species. At present I am
only describing two of the probably earliest representatives, and
also the only one with which I have met showing the sinus in the
outer lip.

Lophospira (?) angulocincta (Salt.). (PI. IX, figs. 4 & 4 a.)

Murchisonia angulocincta, J. W. Salter, 1859, Quart. Joum. Geol. Soc. vol. xv,

p. 380 & pi. xiii, figs. 9, 10; J. Sowerby, 1867, ' Siluria ' 4th ed. p. 532 j J. J. Bigsby

,

1868, ' Thes. Silur.' p. 157 ; R. Etheridge, 1888, 'Foss. Brit. Is.' vol. i (Palaeozoic)

p. 113.

Diagnosis.—Shell very elongated, slender, turreted, composed
of about thirteen whorls. Whorls increasing gradually, strongly

angular below the middle, slightly concave both above and below.

There is a swelling immediately below the suture, and an angle or

keel below the band on the body-whorl. Band situated on the

strong augle below the middle of the whorl, prominent, rather

convex. Lines of growth indistiuct, apparently curving back to

the band above, and forming a shallow sinus on the band itself, not

seen below. Aperture subquadrangular.

Remarks.—All the specimens of this species hitherto seen are

much weathered. A small example in the Museum of Practical

Geology, Jermyn Street, shows the surface best, but it is more or less

indistinct. A portion of one of its whorls is figured (PL IX,
fig. 4 a), showing what appear to be the lines of growth, which give

the band a somewhat crenulated appearance. If this be really the

correct sculpture, this species can only have possessed a sinus in

the outer lip, and not a slit. For this reason, and also because no
well-authenticated species of Murchisonia have appeared so early, I

refer it to Lophospira, Whitfield.

Resemblances.—This species is quite distinct from all known
British ones. It bears some resemblance to M. Catharbta, Billings,3

from the Quebec Group in Canada, in form, the great angularity of

the whorls, and in the position of the angle below the middle of

the whorls.

Dimensions.—There are three specimens in the Museum of

1 Bull. Ainer. Mus. Nat. Hist. vol. i (1886) p. 312.
2 Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897)

pp. 960 & 962.
3 Geol. Surv. Canad. ' Paluioz. Foss.' vol. i (1865) p. 231 & fig. 215.
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Practical Geology, Jermyn Street, one of which is merely part of a

section. The largest, which is the type (PI. IX, fig. 4), consists of

about thirteen whorls, and measures 22 millimetres in length, and

7 mm. in width. The Natural History Museum, South Kensington,

and the Geological Survey Collection, Edinburgh Museum, each

contain two small, badly-preserved examples.

Locality and Horizon.— Durness Limestone, Sutherland,

which is regarded as probably homotaxial with the Tremadoc
Beds.

LoPHOSPIRA BOREAL1S, Sp. 110V. (PI. IX, figS. 5 & 6.)

Diagnosis.—Shell turreted, of medium height, composed of

more than five angular whorls, which increase rather rapidly.

There is a strong angle, near the middle of the whorls of the spire

and somewhat above the middle of the body-whorl, which represents

the sinus; a slighter angle below is situated at the suture. Outline

nearly flat above the submedian angle, slightly concave between it

and the lower one. Lines of growth very indistinct, apparently

curving forward below the angle. Aperture subquadrate ;
inner

lip thickened. Umbilicus open.

Remarks.—There is but one undoubted specimen of this species

in the Geological Survey Collection, Edinburgh Museum ; and it is

merely an internal mould, consisting of four distinct whorls and a

much worn apex, the actual number of whorls in which cannot be

made out. On the upper part of the body-whorl are traces of a fine

line just below the suture. The submedian keel is much weathered,

but was probably trilineate. A shell (PI. IX, fig. 6), of which only

two whorls are preserved, may perhaps belong to this species ; it

differs in there being two finer keels below instead of a single strong

one, and it also gives the impression of being more depressed.

Resemblances.—This species differs fromZ. bicincta (Hall) 1
in

not possessing so strong a keel on the upper part of the whorl
below the suture, and in the lines of growth being more oblique

;

the former characteristic also distinguishes it from L. obliqua,

Ulrich 2 (MurcJiisonia bicincta, Salt.). I have compared it with

specimens of the latter species and the variety perangulata from
Allumette Island in the Natural History Museum, South Kensington;

and find that it differs from all also in the sinual angle being more
nearly central, and thus the upper flattened part of the whorl is

almost equal to the lower concave part, and the whorls are wider.

It is most like L. centralis, Ulrich,3 but it is likewise distinguished

from it by the nearly central position of the sinual angle, and the

lower keel being apparently stronger. It belongs probably to the

Perangulata subsection of the Perangulata section of Ulrich.
4

Dimensions.—Length= about 19 millimetres ; width=12 mm.
Locality and Horizon.—Durness Limestone, Sutherland.

1
< Pal. N. Y.' vol. i (1847) p. 177 & pi. xxxviii, figs. 5 a-h.

2 Final Rep. G-eol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1807) p. 965
& pi. lxxii, figs. 6-8.

3 Ibid. p. 979 & pi. lxxiii, fig. 9.
4 Ibid. p. 962.
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Lophospiea variabilis, sp. nov. (PL IX, figs. 7-10.)

Murchisonia gyrogonia, pars, J. Home & B. N. Peach, 1899, Mem. Geol. Surv.
' Silur. Rocks of Britain ' vol. i, p. 682 ; (?) J. Home, B. N. Peach, & A. Macconochie,
1901, in ' Fauna, Flora, & Geol. of Clyde Area ' pnbl. by Local Com. for Meeting of
Brit. Assoc. Glasgow, pp. 428 & 438 ; non F. M'Coy, 1855, ' Brit. Paheoz. Foss.' p. 293
&pl. Ik, fig. 43.

Diagnosis.—Shell turreted, composed of about nine whorls.

Whorls increasing somewhat rapidly, the two apical ones apparently

convex, the rest possessing a strong angle below the middle, where
the band is situated ; body-whorl convexo-concave above, the

earlier whorls not so convex above, but having a raised thread

immediately below the suture, slightly concave below the band.

Base very convex, with a subangularity a short distance below the

band, which is represented by a strong raised thread on the earlier

whorls, appearing just above, or else hidden by, the suture. Band
prominent, composed of three keels, the central one becoming very

strong and convex on the body-whorl. Sinus deep and wide, the

end pointed and almost triangular. Lines of growth sharp, nume-
rous, fine lines being intercalated between stronger ones, retreating

slightly above the band, almost vertical below. Ornamentation

consisting of very fine and faint spiral lines. Aperture sub-

quadrangular ; inner lip reflected. Umbilicus apparently closed.

Remarks and Resemblances.—There are eight specimens

of this species in Mrs. Gray's collection, and also two casts which
probably belong to it. One of these has the outer lip well preserved,

showing the sinus, which has the end and the greater portion of

the sides intact. The sinus is remarkably broad, especially when
compared with the width of the band on the earlier whorls, where
it is much narrower than on the body-whorl. An example in the

Geological Survey Collection, Edinburgh Museum, has part of the

sinus intact, and it is similar in form, but not so well preserved. The
specimens vary considerably in the height of the body-whorl : in some
cases this may be partly the result of the manner of preservation,

some being slightly compressed downward, while others are pressed

upward. Members of the genus Lophospira are frequently charac-

terized by irregularity iu the coiling of the spire. This appears to

be the species wholly, or in part, referred to as Murchisonia gyro-

gonia, M'Coy, 1 in the list of species published in the Scottish Survey
Memoir, 'Silur. Bocks of Britain ' vol. i (1899) p. 682. The speci-

men just mentioned from Balclatchie is thus named in the Museum.
It differs, however, from 31. gyrogonia in the whorls being less flat

above and below the band, in the band not being flange-like ; also

the angle on the body-whorl is not so pronounced in the adult.

L. variabilis resembles Pleurotomaria Sybillina, Billings,
2 from the

Island of Anticosti, but is distinguished by its greater height and
more numerous whorls. It is also somewhat like L. tenuistriata,

Ulrich,3 from the Utica Group, but differs in the greater convexity

1 'Brit. Palseoz. Foss.' 1855, p. 293 & pi. 1 k, fig. 43.
- Geol. Surv. Canada ' Catal. Sil. Foss. Anticosti ' 1866, p. 54 & fig. 19.
3 Final Eep. Geol. & Nat. Hist, Surv. Minnesota, vol. iii, pt. ii (1897)

p. 983 & pi. lxxii, figs. 48-50.
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of the upper part of the body-whorl; moreover, the angularity below

the band on the body-whorl is less pronounced, and the lines of

growth, though varying in strength, are not lamellar and they do not

recede and advance so strongly as represented in the figures of L. tenui-

striata. This species evidently belongs to the Perangulata subsection

of the Perangulata section of Ulrich.

Dimensions.—The crushed specimen figured in PI. IX, fig. 9

consists of eight whorls in a length o£ 15-5 millimetres. That figured

in PI. IX, fig. 7, has about six whorls, measuring 13*5 mm. in length,

and 8 mm. in width ; the length of the sinus in its outer lip, if entire,

would be about -4-5 mm., and would thus equal about one-fifth of

the circumference of the last whorl.

Locality and Horizon.—Balclatchie (Ayrshire), in rocks of

Llandeilo age [Lapworth].

Family PlettrotomariidtE, d'Orbigny.

Genus Pleurotomaria, Defiance.

Subgenus Pal^oschisma, now

Diagnosis.—Shell depressed-conical. Whorls few in number,

flattened or slightly concave above, base convex. Band situated on

the widest part of the whorl, near the middle of the body-whorl,

low down on the earlier whorls, appearing just above the suture
;

lower margin coinciding with the periphery, concave, bounded on

each side by a strong raised thread. Outer lip retreating with a

moderate degree of obliquity above, oblique immediately below the

band, and then forming a convex curve. Slit short, with parallel

edges, about one-fifth the circumference of the body-whorl in

length. Aperture probably subquadrate, but imperfectly known.

Type, Palceoschisma girvanense, sp. nov.

Remarks and Resemblances.—The characteristics of this

subgenus do not exactly agree with those of any previously

described genera or subgenera of the Pleurotomariida?. It comes

nearest to Eotomaria, Ulrich 1 in general form, and in possessing a

concave band, bounded on each side by a strong thread situated on

the apical side of the whorl ; but it differs in having a distinct

though short slit, instead of a sinus in the outer lip. The form

of the slit greatly resembles that of Trepospira sjjhcerulata
2
(Conrad),

which species is figured by Ulrich as the type of his genus T?-epo-

spira. Paloioscliisma is, however, distinguished in the band being

visible above, instead of hidden by the suture on the earlier whorls,

and in the absence of ornamenting nodes. It differs from Schlzo-

lopha? the only Ordovician genus described by Ulrich with a slit

in the outer lip, in the form of the shell and in the character and

position of the band, this latter in Schizolopha being prominent

1 Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) p. 954.
2 Ibid. pp. 957 & 1081.

3 Ibid. p. 952.
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and situated on the periphery. From Ptychomphalina, Bayle 1
it is

separated by having less convex whorls, and in the slit probably
being shorter. In Bembeari-a, (Ehl.

2
the form is more turriculated,

the band higher above the suture and situated on the periphery

;

also the lines of growth sweep backward to and forward from the

hand less obliquely. Though the umbilical region is imperfectly

known, it does not appear to have the wide umbilicus of Mourlonia,

de Kon.3

Dimensions.—The length of the type=U millimetres.

Range.—The only species at present known is from the Llan-

deilo Formation.

Pal^ioschisma girvanense, sp. nov. (PI. IX, figs. 11 & 11 a.)

Diagnosis.—Shell depressed-conical, composed of more than four

whorls. Whorls increasing rapidly, smooth, slightly angular at the

periphery, flat or rather concave above, convex below. A fine thread

immediately below the suture constitutes the only ornamentation.

Band a little above the middle of the body-whorl, but very low
down on the penultimate whorl, being about half its width above

the suture, flat or slightly concave, bounded by a strong thread on
each side, with another thread between, somewhat nearer the upper

than the lower limit, and becoming much fainter on the latter half

of the body-whorl, the lower margin coinciding with the periphery.

Lines of growth sloping rather obliquely back above, forming

crescents on the band, and advancing with a moderately convex

curve below. Slit in the outer lip short. Base convex. Aperture

imperfectly known. Umbilicus probably closed.

Remarks.—At present there is but one specimen known of this

species, which is in the collection of Mrs. Gray. It is remarkable

for being the earliest British representative of the Pleurotomariidae

with which I have met possessing the slit in the outer lip preserved,

the end and greater part of the sides being intact.

Resemblances.—This species greatly resembles Eotomaria

labiosa, Ulrich,
4
in form, but is distinctly separated from that species,

and from all other members of the genus, by possessing a slit in the

outer lip, and a thread near the middle of the band. It bears also

a certain general likeness to figures of Pleurotomaria elliptica, His. 5

Prof. Lindstrom kindly lent me a specimen of that species from the

1 P. Fischer, ' Man. de Conchyliologie ' 1885, p. 850. After a vain search

for the original description of this genus by Bayle, I wrote to ask Dr. H. Fischer

whether he could throw any ligbt on the subject. As far as be can tell, bis

lather was the first to publish the description of the genus, the name of which
was written in manuscript by Bayle on the labels of the following species in

the Ecole des Mines, Paris

—

Pt. carinata, Sow. (Vise), Pt. conica, Phill. (Vise),

and Pt. striata, Sow. (Vise). The date of the genus given by Fischer is 1885,

and that was the year in which p. 850 was published.
2 Bull. Soc. Etudes Sci. Angers, 1887 (sep. cop.) p. 24.
3 Ann. Mus. Eoy. Hist. Nat. Belg. vol. viii, pt. iv (1883) p. 75.

* FinalHep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) p. 1003

& pi. lxis, figs. 15-17.
' Lethsea Suecica' 1837, p. 35 & pi. xi, fig. 1.
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Upper Orthoceratite-Limestone of Lerkaka (Oland) for comparison.

I find that P. girvanense differs in being much smaller, being about

one third the size ; the upper surface of the whorl is flatter and

almostconcave, while Pleurotomaria elli-ptica is slightly convex ; below

the band the base is more convex, while PI. elliptica is flattened : the

upper part of the body-whorl also appears longer in proportion
;

but the only known specimen is slightly flattened by pressure, so it

cannot be accurately compared in this particular. The whorls are

less angular at the periphery, the three keels forming the band on

the penultimate whorl are nearly equal in strength, and the lower

one coincides with the periphery ; while in PI. elliptica the central

one appears the strongest and most prominent. They agree, how-
ever, in having the central thread of the band less developed on the

latter part of the body-whorl. Both species are quite distinct from

Trochus ellipticus of Portlock, 1 which latter is so much crushed that

it would be difficult to compare other specimens with it accurately.

Dimensions.—The length= ll millimetres, the width=ll mm.,
and the length of the slit= about 5 mm. : if the lip were entire, it

might possibly be longer. It equals about one-fifth of the circum-

ference of the body-wThorl.

Locality and Horizon.—Ardmillan Braes (Ayrshire), in rocks

of Llandeilo age [Lapworth].

Family Tueeiiellid^, Lam.

Genus Aclisina, de Kon.2

Aclisina (?) obscura, sp. nov. (PI. IX. fig. 12.)

Diagnosis.—Shell small, very elongated, turreted, composed of

about thirteen whorls. Whorls increasing gradually, flat above,

slightly convex below. There is a strong keel near the middle of

the whorl, with two similar keels at equal distances apart below,

and traces of a fine thread above them, and another thread im-

mediately below the suture. Base convex, moderately produced.

Apertures and lines of growth unknown.
Remarks and Resemblances.—There are but two examples

of this species known, which are in Mrs. Gray s collection. As the

aperture and lines of growth are not preserved on either of them,

it is difficult to ascertain to which genus they should be referred.

There does not appear to be any trace of a true sinual band,

therefore they cannot be placed in Murclnsonia. The elongated

form and ornamenting keels resemble those of both Ectomaria and
Aclisina, and more especially the latter, the keels being finer than
is usually the case in Ectomaria. It reminds one forcibly of certain

Carboniferous species of Aclisina ; and should it prove really to

1
' Geol. Rep. Londonderry ' 1843, p. 414 & pi. xxxi, fig. 1.

2 This genus is fully described in Quart. Journ. Geol. Soc. vol. liv (1898)

p. 45.
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belong to this genus, it is the earliest known representative, for

none older than the Devonian have been recorded previously.

Dimensions.—The length of the largest example=14 milli-

metres, and the width=5 mm. Its five upper whorls are merely
represented by their impression left in the matrix. The smaller

shell= about 9 mm. in length.

Locality and Horizon.—Woodland Point (Ayrshire), in beds

of Middle Llandovery age [Lap-worth]

.

EXPLANATION OF PLATES VII-IX.

Plate VII.

Fig. 1. Murchisonia (?) dudleyensis, sp. nov. Wax-inipression, X li. Dudley.
Museum of Practical Geology, London.

Figs. 2-4. Goniostropha (?) elegans (Sollas). Wax-impressions. Fig. 2.

Type, partly embedded, X 4 ; fig. 2a. Outline of whorl, X 6

;

Fig. 3. Specimen with band more nearly central, X 4. Ehymney
Quarry, Cardiff. Bristol Museum. Fig. 4. Specimen with whorls
more exsert, X 3. Tymaur Lane, Ehymney, Cardiff. Cardiff

Museum.
5 & 6. Cyrtostropha corallii (Sow.). Fig. 5. Front view, embedded in

coral {Stenopora fibrosa var. incrustans), X 2 ; fig. 5a. Portion
of whorl, X 4. Grindrod Collection, University Museum, Oxford.
Fig. 6. Wax-impression, back view, X 4. Lily Mere. Collection

of the Eev. M. S. Donald.

7 & 8. 0. scitula, subgen. et sp. nov. Fig. 7. Back view, partly embedded,
X 2 ; fig. 7a. Portion of eighth whorl, X 6. Locality unknown.
Grindrod Collection, University Museum, Oxford. Fig. 8. Young
specimen, X 6. Chance's Pitch, Malvern. Worcester Museum.

9 & 10. C bicincta (M'Coy). Fig. 9. Type, partly embedded in matrix,

X 4. Fig. 9a. Portion of second whorl from base, X 12. Chair
of Kildare. Museum of Science & Art, Dublin. Fig. 10. Sinistral

variety, partly embedded, X 4. Chair of Kildare. Museum of

Practical Geology, London.
Fig. 11. Eetoiiiaria girvanensis, Don. Portion of body-whorl showing lines

of growth, X 2. Minuntion (Ayrshire). Gray Collection.

Plate VIII.

Fig. 1. Cyrtostropha torquata (M'Coy). Front view from wax-impression,

X 4. Fig. la. Single whorl of another specimen, X 5. Lily

Mere. Collection of the Eev. M. S. Donald. Fig. lb, x 5.

Kendal. Carlisle Museum.
Figs. 2 & 3. C. obscura (Port!.). Fig. 2. Front view of type, greatly com-

pressed, X 2 ; fig. 2a. Portion of a wax-impression of a whorl,

taken from the cavity in the matrix made by part of fig 2, X 3.

Fig. 3. Back view of another specimen, slightly compressed, X 2.

Desertcreight. Museum of Practical Geology, London.

Fig. 4. C. robusta, subgen. et sp. nov. Front view of specimen, X 1^. Thraive

Glen, Gray Collection. Drawn from a photograph.

5. C. Ordovix, subgen. et sp. nov., X 2. Fig. 5a. Portion of whorl, x 4.

Shalloch Mill. Gray Collection.

6. Goniospira filosa, sp. nov., X 2. Fig. 6a. Body-whorl, X 3. Shalloch

Mill. Gray Collection. Drawn from a photograph.

Figs. 7 & 8. Turritoma (?) polita, sp. nov. Fig. 7. Back view, slightly crushed,

making the spiral angle appear rather wider, X 3. Fig. 8.

Specimen embedded in matrix, X 3. Shalloch Mill. Gray Col-

lection. Drawn from a photograph.
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Plate IX.

Figs. 1-3. Twrritoma (1) pinguis, sp. nov. Fig. 1. Front view, x 2. Fig. 2.

Single whorl showing lines of growth, X 3. Fig. 3. Young
specimen, X 5. Thraive Glen. Gray Collection. Drawn from
a photograph.

Fig. 4. Lophospira (?) angulocincta (Salt.), X 2. Fig. 4a. Portion of a
whorl of another specimen, X 6. Durness. Museum of Practical

Geology, London.
5. L. horealis, sp. nov. Front view, X 2. Durness. Geological Survey

Collection, Edinburgh Museum.
6. L. horealis, var. (?), X 2. Durness. Geological Survey Collection,

Edinburgh Museum.
Figs. 7-10. L. variabilis, sp. nov. Fig. 7. Side view showing sinus, X 3.

Fig. 8. Front view, X 3. Fig. 9. Specimen crushed and embedded,
but showing the apical whorls fairly well, X 3. Fig 10.

Back view, X 3. Balclatchie. Gray Collection. All drawn
from photographs.

Fig. 11. Palaosehisma girvanense, subgen. et sp. nov. Side view, showing slit

in outer lip, x 3. Fig. 11a. Outline of portions of two whorls, X 3.

Ardmillan Braes. Gray Collection. Drawn from a photograph.
12. Aclisina (!) obscura, sp. nov. x 3. Woodland Point. Gray Col-

lection.

Q.J.G.S. 1X0. 230.
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19. The Wood's Point Dyke, Victoria (Australia). By Frederic

Philip Mennell, Esq., E.G.S. (Eead April 16tk, 1902.)

[Abstract.]

This dyke is intrusive into a belt of Silurian (Upper Silurian)

strata which strike in a direction somewhat west of north, and
extend beyond Walhalla on the south. Wood's Point is about

75 miles east of Melbourne. It may be taken as typical of the

intrusions associated with the Silurian rocks of the Victorian gold-

fields. Brown, original, hornblende is the dominant constituent, but

it is rarely idiomorphic ; augite, three varieties of felspar, micro-

pegmatite, and ilmenite are also present, in a microcrystalline or

eryptocrystalline groundmass. The rock is called a hornblende-
] > r p h y r i t e. In certain varieties cordierite occurs, and is accounted

for by derivation from the adjacent shales. The reefs in the Silurian

and Ordovician rocks usually occur at or near the contact with

intrusive rocks. At Wood's Point the reefs are nearly horizontal,

traversing dykes and shales, the junction usually marking the

occurrence of rich ore. The Author notes the ' almost invariable

association of gold in this class of deposit with rocks containing

original hornblende.'
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20. On the Geological and Physical Development of Dominica
;

with Notes on Martinique, St. Lucia, St. Vincent, and the

Geenadines. By Prof. Joseph William Winthrop Spencer,

M.A., Ph.D., F.G.S. (Read December 18th, 1901.)

[Plate X—Map.]
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I. Introduction.

The features of this chain of islands form a striking repetition, or

rather interrupted continuation, of the mountainous portions of

Guadeloupe and Antigua—in a word, they are largely made up of old

igneous formations, the surfaces of which have been greatly denuded,

surmounted by the more recent volcanic accumulations, some of

which rise into high mountain-peaks. The general geological and
physical history, with local variations, is repeated to such an extent,

that these islands can only be regarded as one physical unit.

The only paper that I have seen upon the geology of Dominica is

that entitled ' Notes of a Visit to Dominica ' by Mr. 11. J. Lechmere
Guppy. 1 There are also some scattered references to the late volcanic

eruptions of the various islands : but this is not the subject of our

investigations. Outside of Dominica, my personal observations were
made at only a few points, where the older volcanic foundations

alone were seen, modified by atmospheric agents; these showed,

however, a repetition of the features of Guadeloupe and Dominica.

II. Situation and Hydrographical Characteristics.

Dominica is separated from the Guadeloupe archipelago by a

depression in the Antillean plateau from 15 to 20 miles wide,2

which is submerged to about 2100 feet (see map, PI. X). This

depression is indented by an embayment extending within the

line connecting the western shores of Guadeloupe and Dominica,
where even the few soundings reach 1200 feet deeper than those

on the surface of the ridge. Martinique is 25 miles distant from
the southern end of Dominica, but the submarine features already

1 Proc. Sci. Assoc. Trinidad, Dec. 1869, pp. 377-92, with two plates.
2 See U.S. Hydrographic Chart No. 40, or the British Admiralty equivalent.

Q. J.G. S. No. 231. 2 b
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discovered are more interesting, for here the higher part of the

drowned plateau has a breadth of 35 miles. Its western margin

is indented by a great amphitheatre or valley-like embayment,
beginning at the col between the Atlantic and the Caribbean

basins (which is 3300 feet below the surface of the sea), and
extending to a depth of over 6000 feet ; while the greater portion

of the plateau is not submerged more than 2500 or 3000 feet

(see PI. X, and also fig. 1, p. 3-12). It should be further noted that

on the eastern side of the plateau there are two elevated fragments

of the drowned tableland (A and B in PI. X), reaching to within

300 feet of the surface of the sea,—these being repetitions of the

coastal plains of Antigua, Grand' Terre of Guadeloupe, and the

outlying fragment which forms Barbados. About 60 miles east of

Martinique is another slightly submerged remnant of the drowned
Antillean plateau, about 12 miles long, aud here named Madiana
Banks.
The channel between Martinique and St. Lucia is about 20 miles

wide, with the higher portions not more than 3300 feet below sea-

level. From the western side of the col, a valley descends rapidly

to a depth increasing from 3600 to 6000 feet, and even to more
than 7200 feet, as it widens out into a broad embayment, all

within the line between the western shores of Martinique and
St. Lucia. On the north-western edge of the St. Lucia mass is a

remarkable cirque, 6624 feet deep, within the 600-foot submarine
contour-line.

St. Vincent is about 25 miles distant from St. Lucia. The
summit of the connecting ridge is not generally submerged more
than 1200 feet ; but near St. Vincent is a channel, less than 5 miles

wide, which dissects the col to a depth of 1800 feet, thus showing
a rather narrow valley across the submarine Antillean plateau,

reaching to 3000 feet below sea-level. Towards the west this

valley descends rapidly, and in a distance of 10 miles the soundings

show a depth of 6000 feet. This rapid descent appears to be by
steps, and even within 3 or 4 miles of its head one such step

amounts to 2500 feet.

The submarine coastal plains of St. Vincent and the Grenadines
are generally covered by 100 to 200 feet of water. In reality they

form one plateau, dissected by a valley with precipitous walls,

reduced to a breadth of 2 miles. The divide in this valley is

about 1200 feet below the surface of the sea, or about 1000 feet

below the submarine plateau. There are no soundings to show
the development of the valley descending towards the east ; but that

to the westward is seen, reaching in a distance of 4 miles a depth
of 2700 feet, and 5 miles farther on to 5500 feet, and still a little

farther to 6900 feet, below the surface of the sea. This St. Vincent-
Grenadine valley is one of the best-shown amphitheatre- or cirque-

galleys that indent the submarine Antillean banks. 1
(See fig. 2,

p. 344.)

1 See U.S. Hydrographic Chart No. 1279, or the equivalent British Admi-
ralty Chart.

2b2
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Other large embayments indent the western margin of the

Grenadines. By a careful study of the more complete chart,
1 the

heads of several of the smaller amphitheatres, of a mile or less in

breadth and a mile or two in length, are seen indenting the drowned
plains to depths of 600 to 900 feet, such as that at Kingstown in

St. Yin cent and that south-east of Carriacou, one of the Grenadines.

Small channels are often observable on the surfaces of the sub-

marine plains having depths of 50 to 100 feet, recording the late

erosion when the marine banks formed land-features.

Such valley-like features are constantly recurring in the sub-

marine plateau throughout the group. They are better shown
on their western side than upon the eastern, where even the

scantier soundings show that the descent is more precipitous. Prom
a study of the indentations, which are the exact reproduction of

the amphitheatres or cirques, or somewhat longer valleys, upon the

margins of the tablelands of Mexico, one is impelled to the conclusion

that these submarine features were modified, if not formed, by sub-

aerial denudation,when the land stood as high as the valleys are now
depressed—in other words, at least 6000 or 7000 feet higher than

now; while the small channels seen on the surface of the banks
were formed at a later date, when the land was not more than 200
feet or so above the sea.

III. Physical Characteristics.

Dominica.

This island has an elliptical form, with a maximum length of 34
miles and a breadth of 15. It is the most completely mountainous
of all the islands, and consists of a mass of volcanic ridges dissected

by deep gorges. The highest point is Morne Diablotin, 4747 feet,

and the Trois Pitons reach to nearly the same altitude. The Grande
Soufriere (3554 feet above sea-level) was in eruption in 1880. The
flanks of the mountains are characterized by slopes caused by the

tilting outward of great beds of stratified tuffs, which are dissected

by deep valleys, between which are numerous isolated peaks.

There are no coastal plains of importance, the only flat land being in

the lower reaches of the short valleys, as that of the Layou Biver, or

on fragments of low terraces. There is even no other submerged
coastal plain, than a small fragment on the eastern or north-eastern

side, which does not reach a width of 4 miles (see PI. X). This

margin is seen to be dissected by channels, one of which, south-east

of Rosalie, reaches to a depth of 600 or 700 feet, where the shelf is

covered by only 200 feet of water.

Among the mountains, many fragments of base-levels of erosion

axe observable, as at Bona Vista, at the head of the Roseau
valley, and also at the divide along the road between Eoseau and
Geneva, at elevations of 1500 to 1700 feet. One at 500 feet above
the sea was quite extensive, and another at an altitude of between

1 U.S. Hydrographic Charts Nos. 1279 & 1640, etc.
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700 and 900 feet was of importance. Morne Bruce, immediately

behind the town of .Roseau, at 400 feet, is a fine illustration. On
each side of the Geneva-Roseau summit are grand gorges, reaching

to depths of 400 and 600 feet, clothed with the lovely primeval

tropical vegetation, such as tree-ferns, etc. Short ravines occur,

commencing directly at the coast, and suggesting recent elevation

of the land. But the larger valleys, such as that of Roseau, are

much more open, and have had a longer and more varied history.

Martinique.

This island is somewhat larger than Dominica, with the highest

point, la Montagne Pelee, in the north, reaching to an elevation of

4428 feet. The central part of the island is deeply indented by Fort-

Royal Bay and the large valley behind it. The soundings show the

remains of a considerable coastal plain, submerged about 200 feet,

extending north-eastward from the island. Prom the higher

mountain-ridges heavy tuff-beds are seen sloping seaward at angles

varying between 10° and 20°. On the southern portion of the

island are remains of base-levels of erosion, or modified tablelands.

St. Lucia.

This is a smaller island than Dominica. It consists of a central

dome rising to a height of 4000 feet, and formed of late volcanic

accumulations. The northern part of the island shows considerable

antiquity, as its surface, composed of old igneous rocks, has been
greatly modified by erosion. There is only the suggestion of a

coastal plain in the fragment of a shelf, submerged to 200 feet,

extending northward from the island. The peaks upon the south-

western coast, called the Pi tons, attract the main attention of

travellers. They are simply the remains of a dissected volcanic

crater, partly rising out of the sea.

St. Vincent.

This island is still smaller than St. Lucia. The highest cone has

a summit reaching to 4048 feet, but the floor of the crater, covered

by a lake, is only 1930 feet in altitude, and the rim varies from

3100 to 3600 feet. This volcano was in eruption in 1812, when
great quantities of ash were carried to Barbados, more than 100

miles away. Extending from the interior mountains, are dissected

sloping surfaces, as in the other islands, but the forms of the

valleys are more mature than those of Dominica. South-east of

the island is a considerable coastal plain, submerged to a depth of

200 feet and less.

The Grenadines.

These are simply the remnants of the erosion of the old volcanic

formations, rising out of an extensive plain now submerged to
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between 100 and 200 feet. Grenada, about the size of St. Vincent,

with one dome rising to 2749 feet, owes its generally greater

elevation above the sea to more recent volcanic accumulations.

IV. The Volcanic Formations of Dominica.

The Basement.

In Antigua, a basement of igneous rocks underlies tufaceous

deposits, in the upper portions of which are calcareous layers

containing fossils belonging to the Oligocene or to the Eocene
formations. These early Tertiary beds are succeeded only by late

Pliocene or more recent deposits. In Dominica there is the same
foundation of old igneous rocks, which, however, are not succeeded

by calcareous beds, but by massive tuffs. These are overlain by
Pleistocene or recent volcanic accumulations, which form the high

ridges and domes. This contiguous occurrence of older and newer
volcanic formations has popularly given rise to confusion. It is not

easy to decipher the physical features of these islands, except

by going beyond their mountainous portions into their calcareous

zones, which are almost wanting in Dominica.

The sea has made encroachments upon the shore, south of Roseau
and at Point Michel, 4 miles distant ; the foundations of the cliffs

are seen to consist of a dark-grey doleritic rock, much jointed and
fractured, and overlain by a firmly-cemented volcanic breccia or

conglomerate. The advantage of an examination at this point is

that the rocks are worn away more rapidly by the waves than by
decay, thus giving a clean section. But in the exposures of the

interior of the island (observed to an elevation of about 1500 feet),

where all the later accumulations have been removed, the older vol-

canic rocks are found to be decomposed and converted into a red clay

to depths of 8 feet or more, in places disclosing residual boulders of

decomposition, such as those on the road to Bona Vista, and eastward

of the Belleville divide leading to Geneva. On account of their funda-

mental position and their long exposure (shown by the decayed

surfaces), as well as by their similarity to the older rocks of

Guadeloupe, which pass under Tertiary formations, it is probable

that these rocks belong to a pre-Tertiary period. As before noticed,

this basement-formation is succeeded by a very much disturbed

accumulation of breccia.

In the higher valleys, an old volcanic tuff recurs, as seen to an

altitude of 1300 feet on the road to the Belleville divide. The beds

are stratified, the individual members being as much as 10 feet

thick. In places they enclose coarse fragmental materials, and at

times there are difficulties in distinguishing them from a newer tuff-

deposit, but they are more widely distributed and their surfaces have

been subjected to a greater amount of denudation. Their age cannot

be conjectured with any approach to certainty : they may be the

equivalent of the old Tertiary tuffs underlying the calcareous beds

of Antigua and Guadeloupe, or perhaps they are the equivalent of

some of the Tertiary calcareous beds of those islands.
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The Roseau Tuffs.

These deposits have distinct characteristics, and are well exposed

along the Roseau Yalley and on the flanks of Morne Bruce, where
they are shown to he over 400 feet thick. The tuff is a mixture of

fine-grained gritty particles and small fragments of the same volcanic

debris, with some waterworn pebbles varying from a few inches to a

foot in diameter. The gravels often occur in layers ending abruptly,

or the pebbles may be scattered throughout the mass. The tuffs are

of a light cream-colour, due in part to the kaolinization of the felspar.

These beds only partly refill an older valley. The strata have since

been raised, so that they dip seaward at an angle of about 10°, the

slope being somewhat less than that of the surface of the land. While
the Roseau River has cut through the formation, its surface still

forms a well-marked sloping terrace, in contrast to the country under-

lain by the older tuffs previously mentioned. Furthermore, there has

been no physical break in the succession of the beds, so great as that

which preceded the submarine accumulation of the Roseau Tuffs

:

consequently one is forced to conclude that the deposit is of much
more recent geological date than that of the older tuffs. Mr. Guppy
recognized a conglomerate-formation overlying the older volcanic

rock, but I do not know what he included in it.

V. The Gravel-Formations oe Dominica.

Owing to the extension of the mountain - spurs towards the

encroaching seashore, the various mechanical formations exposed

along the coast-line become disconnected and show considerable

variations, so that it is often difficult to identify their recurrence.

There are two gravel-formations, which are separated by a great

unconformity.

The Morne Daniel and the Grand Savanna Gravel-
Series.—About 2 miles north of Roseau is an extensive exposure

of rounded gravel in the lower part of the cliffs overhanging

the sea, adjacent to the foot of Morne Daniel, where the upper

portion is composed of a coral-rock along the margin of the cliffs,

but landward of these the gravel rises to 150 feet or to even

a greater elevation. In ascending to Bona Yista, about 2 miles

north of this point, the gravel was seen up to a height of 300 feet.

Higher up the valley, gravels were also observed to an elevation of

500 feet, though the identity of the two deposits was not apparent.

A similar bed overlies the Roseau Tuffs, on the flanks of Morne
Bruce, up to an altitude of 300 feet ; but the Roseau Tuffs are in

part absent from the locality where the gravels appear beneath

the coral-bed on the seashore, below Morne Daniel. At other

points to the northward, what were evidently the same gravels were
seen in interrupted beds as far as Grand Savanna, the farthest point

visited. This interruption was occasioned by the very great denu-

dation, which first removed most of the deposit before the epoch of the

coral-beds. In places, the gravels were seen resting upon lavas, but

it is not certain whether these beds belong to the lower or to the upper

Gravel-Series. In other places, they rest upon reddish-brown tuffs.
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In front of Grand Savanna, the lower 20 feet of the bluffs are

composed of yellowish gravel and sand showing* wave-action, with

some larger boulders. Upon the denuded surface of this deposit is

another, of grey gravel, with some angular materials. This upper

deposit, which has a thickness of 30 feet, may be called the Grand
Savanna Series. It is succeeded by a homogeneous, vertically

ointed, earthy deposit 15 feet thick.

Immediately north of Coullibistre, at the end of a mountain-spur,

is a gravel composed of coarse and fine material showing wave-
action ; it includes some boulders 10 feet in diameter. Occupying
denuded hollows in its surface is a coral-formation. The gravels

were seen to an elevation of 200 feet ; they belong to the lower

series, as at Morne Daniel. The beds undulate and dip in various

directions from horizontal to 15° or 20°, showing variable disturb-

ances of the strata. The respective ages of the gravels will be

considered after describing the coral-formation.

YI. On the Coeal-Point Foemation and the Age
oe the Gkavels.

Occupying the little valleys, upon the surface of the gravels at the

base of Morne Daniel, is a whitish marl, more or less filled with
-corals. The base of this coral-bed is 50 feet above the sea, and the

deposit is 30 feet thick. At Check Hall, a mile to the north, is a

small terrace, 40 feet high, composed of the same coral-marl. At a

point another mile northward, filling a little valley about 50 feet

wide, is a recurrence of this formation. In all these places the coral-

bed rests upon denuded surfaces of gravel. So also the marl, made
up of fragments of mechanical limestones, with some fossil remains,

at Coullibistre, with a thickness of 30 feet, rests in the hollows of

the gravels. The white marls sometimes become grey, from the

admixture of volcanic sands or ashes : they also contain pebbles

and boulders. The scattered fragments of this calcareous formation
show its former extension, and the enormous denudation to which it

has subsequently been subjected.

I obtained the following collections, the corals of which were
kindly determined for me by Dr. T. Wayland Vaughan and the

mollusca by Mr. Charles T. Simpson. Some echinoids also were
found.

Corals.

Orbicetta cavernosa, Linn.
O. acropora, Linn.

Colpopkyttia gyrosa, Ell. & Sol.

Siderastrcea siderea, Ell. & Sol.

Isopora muricata, Linn., forma
mata, Lam.

Mollusca.

Venus cancellata, Linn. Pecten sp., seems to be identical with
V. paphia, Linn. subnodosus, Sow., found only on the
Cardium subelongatum, Sow. (?). western side of Tropical America.
Lucina aitrantia, Desh. (?). Pecten sp., 8 to 10 inches in diameter,
Glycimeris pectinata, Lam. could not be extracted from the
Gl. undata, Lam. rock. There is no species of this

Lutricola interstriata, Say. size now living in the adjacent sea.

Tellina interrupta, Wood.
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The foregoing species are all recent, except perhaps the Pecten.

Mr. E. J. L. Guppy gave the following lists of corals and shells

from one of these localities. They, too, are recent West-Indian
species. He found also one or two unnamed species. 1

Corals.

Favia ananas, Lam.
j
Eusmilia aspera.

F. coarctata, Mich. & Duch.

Mollusca.

Cgprcsa exanthema, Linn.
C. cinerea, Linn.
Cassis decussatus, Linn.

C.flammeus, Linn.
Purpura trapa, Bolt.

Banella cubaniana, d'Orb.

Triton pilearis, Linn.

Dolitcm pennatum, Mart.
Pusio articulatus, Lam., var. (?) [per-

i
Lithodomus cinnamomeus, Lam.

haps a new species]. Petricola robusta, Sow.
Natica mantilla, Linn. : Pficatella cristata, Lam.
N. canrena, Lam.

Neritina punctulata (?) Lam.
Turbo pica, Linn.

Conus testudinarius, Mart.
Spondylus coccineus, Lam.
Lucina tigria, Linn.
Tellina fausta, Sol.

T. interrupta, Wood.
Pectuncums angulatus, Lam.

These names have not been revised. Mr. Guppy classified the

formation as Pliocene.

The coral-formation in Dominica has the same characteristics and
about the same thickness as the Usine Beds at Pointe a Pitre (Guade-
loupe), the upper marls of Anguilla, the limestones of Brimstone
Hill (St. Kitts), and similar beds in Barbados, and also others in

Sombrero. Owing to the modern aspect of the fauna, the age would
appear to be Pleistocene, or not older than the close of
the Pliocene, which last view may be favoured if measured by the

subsequent great denudation to which the beds have been subjected.

These coral-beds rest unconformably upon the lower gravels, thus

showing that those deposits are of considerable age and belong to a

period preceding the early Pleistocene great elevation and denudation.

This occurrence would cause them to be referred to the Lafayette

Formation of the American continent. Where the upper gravels lie

unconformably upon the lower, the marls must have been removed
before the deposition of the latter. It would appear that the

upper gravels and the tufaceous earths overlying them, at Grand
Savanna, and like accumulations covering the coral-beds at Coral

Point, occupy the same position in Dominica as similar deposits in

the other islands which have been referred to stages of the Columbia

Formation of the American continent, or a mid-Pleistocene
Series. The lava underlies at least the upper gravels, pointing

to renewed volcanic action in the Pleistocene Period.

VII. The Terraces.

Morne Bruce is a terrace on the southern side of the Roseau

Valley, with an elevation of about 400 feet. On the northern side

1 Proc. Sci. Assoc. Trinidad, Dec. 1869, pp. 390-91.
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of the valley, its equivalent slopes at nearly 10° seaward. Here is

also another sloping cut terrace, 60 feet below the upper one. Morne
Bruce does not show the tilting, on account of the sea having

formerly cut off: its face parallel with the strike, and left onfy a

fragment of the raised base-level plain. At an elevation of 70 feet

above the sea is a somewhat broad terrace, which has been formed

since the tilting of the sloping terraces. The lower delta is only

8 feet above the sea. From the Morne-Daniel coral-cliff an old

base-level plain rises gradually towards the interior of the island, to

an elevation of 1500 feet.

The special interest of these terraces, or old deformed plains, lies

in the fact that they do not represent a general elevation of the

region, but only a local uplift, due to the volcanic forces acting at a

recent date,—the focus being in the interior of the island, and the

deformation not extending much beyond its limits. The rising of

the land may be still going on, as the streams have not yet cut their

gorges far into the sloping terraces.

VIII. Notes on Phenomena kepeated in the Islands South of

Dominica.

In Martinique there is a repetition of tuff-beds similar to those

of Dominica, and in places deposits of gravel occur. In the southern

portion of the island the old and denuded volcanic formations may be

seen, unobscured by the later volcanic accumulations characteristic

of the northern part. Remnants of elevated base-level plains are

also seen.

The northern part of St. Lucia seems to be entirely made up of

the denuded remains of the basal igneous formation of dark

doleritic rock, which is often decomposed to a depth of 20 feet. In
the south-western part of the island the tuff-beds lie almost hori-

zontal, but they are dissected by valleys. Out of a plain of this

character rise the Pitons: these, as before mentioned (p. 316), are the

remains of a crater, part of which has been carried away by the sea

and the remainder dissected by atmospheric agents. The more
recent volcanic deposits occur in the mountainous interior of the

island, where the late volcanic activity is still shown in the boiling-

and sulphur-springs.

In St. Vincent the old igneous basement is again seen, but the

rocks are weathered to a depth of 20 feet or more near Kingstown.
The more recent volcanic accumulations are in the interior of the
island. On the western coast extensive beds of tuff were observed,

some containing rounded pebbles. Beds of breccia were also seen.

The erosion-features show more mature forms than in Dominica,
as instanced by the gorges becoming more open valleys.

The Grenadines appear to be merely the fragmentary remnants
of the ancient igneous formation, except the island of Grenada.
Their more recent features, with coral-reefs accumulating upon the
surface, are submerged.
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IX. Summary and Conclusions.

Prom Dominica to Grenada the Windward Islands are underlain

by a basement of* trappean rocks, the same as in Guadeloupe and
Antigua, where they occur beneath the early Tertiary formations.

Upon this foundation the older igneous tuffs, accumulated below sea-

level, may be seen. The volcanic ridges surmounting some of these

deposits belong to a late period—Pleistocene, or not older than the

late Pliocene ; but volcanic activity has continued down to the present

time. There are at least two formations of tuffs. The newer is

derived from the debris of older beds, and contains waterworn gravels

or boulders, with the bedding more or less disturbed. The lower

series cannot be newer than the earlier part of the Tertiary Period.

Upon their denuded surfaces are nearly horizontal beds of stratified

waterworn gravels, which in turn have suffered great denudation.

These occur up to an elevation of 300 feet, or perhaps more. Prom
their geological relationship, they have been correlated with the

Lafayette Formation of the American continent—provisionally

assigned to the close of the Pliocene Period.

Lying in valleys excavated out of the surfaces of the older gravels

is a calcareous marl, with some rounded pebbles, 30 feet thick,

containing a fauna almost wholly, if not entirely, living at the

present day, with only a suspicion of older types. This coral-

limestone has been weathered away, except in protected places,

showing the enormous denudation that has taken place since its

elevation. It was not seen at more than 100 feet above the sea.

The same formation recurs in Sombrero, Anguilla, St. Kitts, Guade-
loupe, and Barbados.

Since the Coral Epoch, there has been another subsidence, with the

accumulation of a second gravel-series, which often rests upon the

lower gravels, or even lower deposits, where the coral- and the older

gravel-beds have been washed away. This formation may be corre-

lated with deposits in similar positions in other islands, and with

some stages of the Columbia Series of the American continent. The
overlying tufaceous earths represent another stage of the geological

series.

The raised terraces or base-level plains dip outward from the

mountain-mass, and are evidence of the local elevation, with defor-

mation, which occurs immediately adjacent to the foci of recent

volcanic activity, but does not extend beyond the mountain-

districts.

So far as observations go, the phenomena of the islands to the

south are similar to those of Dominica.

The coastal plains are represented in the islands by only traces,

or the somewhat enlarged shelves, less than 200 feet below sea-level.

From St. Vincent to the Grenadines the banks have a considerable

breadth. Some 20 miles south-east of Dominica, and again some
60 miles east of Martinique, fragments of the submarine Antillean

plateau rise to within 300 feet of the surface of the water : presumably

these are remnants of ancient coastal plains, dating from before the
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dissection of the plateau into what are now the various island-

masses.

This portion of the Antillean chain records several epochs of

denudation :—(1) That of the long Miocene-Pliocene time when the

Antillean plateau was elevated to 3000 feet or more, and carved

into several isolated tablelands now forming the various island-

masses, with broad undulating depressions between them. The
date has been determined from the evidence obtained in Antigua,

Guadeloupe, Barbados, and other islands, and sustained in these.

(2) After a subsidence, or probably two epochs of subsidence, at

the close of the Pliocene Period the region was raised to its-

maximum height, shown within the area of the islands to have

exceeded 7000 feet, though evidently it attained a still greater

altitude. The erosion-feature of this epoch is that of very deep

valleys, amphitheatres or cirques dissecting or indenting the

late tablelands, but the time was not one of relatively long

duration and belonged to the early Pleistocene Period. Then there

was a subsidence in the Mid-Pleistocene Period, so that the islands

were smaller than at present ; followed by (3) a re-elevation which
resulted in the islands being a little higher than now. The gorges

and channels formed then have been partly submerged since that

date. The subsequent minor changes of level need not be followed

further at present.

It was during the great elevation of the early part of the Pleisto-

cene Period that all the islands were united into a continental mass,

thus allowing of the migration of the Pleistocene mammals to

Guadeloupe and Anguilla. These, however, were exterminated by
the subsequent almost complete submergence : since when there

has been no land-connection between the islands and the adjacent

continent. The elevation of the mountain-districts, in excess of
the general movements of the Antillean plateau, is a phenomenon
due to local plutonic forces, where recent volcanic activity has
obtained ; although it is not to such causes that the various

islands owe their separation one from the other, but to atmo-
spheric erosion and changes of level.

EXPLANATION OF PLATE X.

Geological sketch-map of the "Windward Islands, on the scale of about
35 miles to the inch. Soundings are shown in feet.

[For the Discussion, see p. 365.]
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I. Introduction.

As there is an extensive literature on the geology of these islands,

the chief object of the present paper is to record some newly-
observed features, and to extend the studies which have been made
by the writer on the other West Indian Islands. The most important

contributions as yet made to the geology of Barbados are those of

Prof. J. B. Harrison & Mr. A. J. Jukes-Browne, 1 supplemented by
the studies of the fossil coral-fauna by Prof. J. W. Gregory. 2 In his
k Birds of Barbados,' Col. H. W. Feilden 3 anticipated some of the

conclusions subsequently arrived at by the other writers. In the

earlier part of the 19th century some notes by Count Schomburgk 4

appeared, and earlier still James D. Haycock 3 made the first

geological map of the island.

The geological literature of Trinidad is still more voluminous,

being especially represented by the numerous papers of Mr. R. J.

Lechmere Guppy, and by the earlier Government reports on the
* Geology of Trinidad' by G. P. Wall & J. G. Hawkins (I860).

II. Hydrographical Relationships or Barbados.

Barbados is an outlying remnant of the dissected and submerged

Antillean plateau. It occupies the same relationship to the main

chain of islands, although separated from St. Vincent by 100 miles,

as Grand' Terre does to Guadeloupe proper, from which it is

divided by a strait only a few hundred feet wide, or as Harie

Galante and The Saints do to Guadeloupe.

1 ' Geology of Barbados' Quart. Journ. Geol. Soe. vol. xlvii (1891) pp. 197-

250 ; & ibid. vol. xlviii (1892) pp. 170-226.
- ' Contrib. to Palseont. & Phvs. Geol. West Indies ' Quart. Journ. Geol.

Soc. vol. li (1895) pp. 255-310.
3 ' On the Birds of Barbados ' Ibis, ser. 6, vol. i (1889) pp. 478-79.
4

' History of Barbados' 1847, pp. 546-57.
5 'Flora Barbadensis' London, 1830, pp. 15-17.



Vol. 58.] PHYSICAL DEVELOPMENT OF BARBADOS, ETC. 355

While Barbados has a length of little more than 20 miles, the

soundings show that the submerged ridge extends for 110 miles,

and is covered by from 3000 to 4500 feet of water. This ridge

is abruptly terminated towards the south by a channel, where
soundings attain a depth of 7200 feet, while on the north the

indentation in the submarine plateau reaches to 9600 feet. Just

north of it, a fragment of the plateau—the Madiana Banks—comes
to within 300 feet of the surface of the sea. In a north-westerly

direction, towards Martinique, the submarine plateau is somewhat
more depressed (8000 feet or more). To the north of the summit
of this Barbados-Martinique ridge its character has not been deter-

mined, except that between the outlying Madiana Banks and
Martinique there is a depth of 9246 feet. South of the ridge is

a hole or a valley reaching to a depth of 8958 feet, at a point west
of Barbados. Elsewhere the embayment in the drowned plateau is

not known to reach more than 7200 feet below sea-level. The
amount of the depression here noted is in accord with that of the

more confined valley-like indentations upon the western side of

St. Lucia, St. Vincent, and the Grenadines. See the map (PI. X)
which accompanies the foregoing paper on Dominica, etc.

Seaward of the Scotland Valley, the incomplete soundings on the

edge of the narrow shelf show the usual evidence of two or three

amphitheatres or cirques indenting the submarine plateau.

III. HyDROGRAPHICAL RELATIONSHIPS OF TRINIDAD.

These are continental, with a channel between the island and
the mainland of only 36 feet in depth. The Gulf of Paria is

nowhere more than 96 feet deep, except at its mouth, where there is

a valley revealed to a depth of 924 feet, or more than 600 feet

beneath the adjacent floor of the submerged coastal plain, which
extends nearly 50 miles farther seaward. The greatest submergence
of the summit of the ridge between Trinidad and the Grenadines
appears to be only 750 feet, although there may be an adjacent

narrow channel of greater depth, as here the soundings are few in

number. From this point the drowned plains gradually descend
westward, and on the line between the nearest point of Trinidad

and the Grenada banks the depth reaches to 2286 feet ; but
this line is indented by several cirques. Tobago rests upon the
north-easterly extension of the continental shelf (which supports

Trinidad), here submerged to about 200 feet, though indented on
its north-western side by a cirque, with a depth of 408 feet. A
more deeply-submerged spur extends north-eastward from Tobago
towards the Barbados ridge, thus enclosing the large valley in the

submarine Antillean plateau, with the Grenadines, St. Vincent,
St. Lucia, Martinique and the ridge therefrom to Barbados almost
surrounding it, as already mentioned. (See map, PI. X.) The
character of this depression is best understood when studying the
question of the drowned valleys as a whole. The continental shelf

extends 70 miles east of Trinidad. 1

1 See U.S. Hydrograpliic Chart, No. 1010.
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IV. Physical Chakacteristics and Erosion-Eeateres
of Barbados.

Barbados, as already mentioned (p. 355), is scarcely more than
20 miles long, with an area of 166 square miles. Erom the south

and west the surface rises gently or in terraces, until an elevation

of 1104 feet is attained near the north-eastern side of the island.

Thence there is a more rapid descent towards the sea, which is

encroaching upon this coast, undermining the softer formations

and leaving great blocks of coral-limestone strewn along the shore.

The surface of the island is covered and protected by "White Lime-
stones or ' raised coral-reefs,' except in the great valley descending

from the height of land towards the north-eastern coast, where
the underlying formations are the Scotland Sands and Oceanic

Oozes, to be referred to again below.

The surface of the high country is the remnant of a base-level plain

of erosion, with undulations of 25 to 40 feet. It is now a small

zone, the margins of which (as on the Orizaba and Canefield Estates)

are dissected by gullies from 50 to 100 feet wide, increasing in

depth from almost nothing to 50 and 75 feet, and extending for

distances of 300 to 500 yards to the floor of a lower terrace, 700
feet above the sea. In the intervening space, escarpments or sea-

cliffs are carved out of the limestone-rocks. The ravine-features

are repeated down to low levels, dissecting the edges of the terraces,

but they diminish in size. At about 500 feet there are rather

extensive terrace-plains. The terraces below the altitude of 400 feet

(near St. Thomas's Church) are bounded by sea-cliffs—the faces

of higher ones. The ravine-features, in contrast with the undulating

plain of the summit, suggest the recent elevation of the land.

As the limestone-capping of the great Scotland Sands and the

Oceanic Oozes on the highest part of the island is only about 25
feet thick, it is not surprising to find in the Scotland Valley a series

of gigantic ' wash-outs,' or amphitheatres indenting the island to a

distance of 3 miles inland, with a breadth increasing to 5 miles.

V. The Older Geological Eormations of Barbados.

Hitherto the geological formations of the island have been

divided into three groups—the Scotland Beds, the Oceanic Series,

and the Raised Coral-Reefs—which have been comprehensively

described by Prof. Harrison & Mr. Jukes-Browne. 1 The Scotland

Beds consist of great thicknesses of stratified sands but slightly

coherent, which nevertheless form some bold cliffs along the en-

croaching seashore. These are overlain by the Oceanic Oozes or

marly clays of abysmal origin, the establishment of the character

of which by Mr. Jukes-Browne is one of the most important con-

tributions that have been made to West Indian geology, and indeed

to the science, as showing the great changes of level of land and

1 Quart. Journ. Geol. Soc. vol. xlvii (1891) pp. 197-250 & vol. xlviii (1892)

pp. 170-226.
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sea, which have occurred in comparatively late geological times ; for

these deposits originated at ocean-depths of perhaps "2 miles or more.

Their age has not hitherto been exactly determined, as the Scotland

Beds, beneath them, contained only very fragmentary palseonto-

logical evidence, and the limestones above were not differentiated

into their component formations, all being designated ' Raised Coral-

Reefs,' and regarded as of Pleistocene age. Accordingly, Mr. Jukes-

Browne originally assigned the Oceanic Series to the Pliocene

Period.

Prom the fragmentary evidence available, Mr. R. J. L. Guppy
correlated the Scotland Sands with the Naparima Beds of Trinidad,

on account of finding two fossils in common. At first he classified

the Trinidad formation as Lower Miocene, but later as Eocene, which
conclusion agrees with that of Prof. Gregory. 1 The changing physical

conditions, which allowed at first of the accumulation of shore-

deposits of sand, then of the oceanic oozes at abysmal depths, and

finally of limestones, containing a littoral fauna, imply at least a long

duration of time. The limestones overlying the Oceanic Beds are

now found to belong to the Oligocene, not geologically very much
more recent than the age assigned to the underlying Scotland Beds.

On this account, without fuller evidence, I am inclined to think that

the Scotland Beds are somewhat older than Mr. Guppy makes them ;

for the one period (Eocene) seems too short for the stupendous

changes in physical conditions recorded in these various formations.

Oceanic Beds occur in Cuba, beneath the White Limestones, as

first shown by Prof. W. 0. Crosby, 2 and subsequently by Mr. R.

T. Hill. 3 Prom the fossils contained in the White Limestone of

Cuba, Prof. W. H. Dall concluded that they belonged to the Lower
Miocene Period, which he now classifies, however, as the Upper
Oligocene. Oceanic Beds occur in Jamaica at what is supposed to

be the same horizon as in Cuba.

The Scotland Beds and the Oceanic Series constitute the founda-

tion of Barbados, lying unconformably beneath the limestones.

YI. The White Limestone or the Antigua Formation, and its

Relationship.

tinder the designation of ' Raised Coral-Reefs,' Mr. Jukes-Browne
has given a description of the calcareous formations, to which he

assigned a date no older than the Pleistocene Period. As the general

characteristics of these rocks are alike, it was natural to correlate

all of them under one series as had been previously done, and when
large collections of fossils were obtained at a few localities, to assign

their age to the whole calcareous cap. In Prof. Gregory's revision

of the corals collected by Mr. Jukes-Browne and Mr. G. F. Franks,

1 Quart. Journ. G-eol. Soc. vol. li (1895) p. 298.
2 See Messrs. Harrison & Jukes-Browne's paper, Quart. Journ. Geol. Soc.

vol. xlvii (1891) p. 236.
3

' Notes ou the Geology of the Island of Cuba' Bull. Mus. Comp. Zool. Harv.
vol. xvi (1895) pp. 243-88 with nine plates.

Q.J.G.S. No. 231. 2 c
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he found an admixture of species belonging to different horizons.

The mollusca were from low levels, mostly lower than Ceres (70

feet), and were in a better state of preservation than those of higher

levels, such as at 150 feet above the sea. The low-level shells may
represent the fauna belonging to almost

modern days, and even much later than

the remains of recent species found at

higher altitudes. It is a question of

different horizons in apparently the same
kind of rocks which needs consideration.

The limestones are essentially white,

with a texture sometimes soft and marly,

while other layers are more compact.

Generally the beds are devoid of organic

remains, though in places casts of shells

and corals are found ; especially are the

fragments of coral notable. But an
overlying formation of the same mate-

rials at lower levels is rich in corals.

The older limestones cover the higher

parts of the island, and may be seen

to dip at from 12° to 20° south-eastward,

as at the estates of Chimborazo, Cane-

held, Mount Misery, etc., above 1000 feet

in altitude ; and from there at various

points down to less than 100 feet above

\\i

'
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m
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sea-level, near Ragged Point and Three
Houses. At the higher points named,
the limestones are only about 25 feet

thick, resting unconformably upon the

older eroded surfaces of the Oceanic

O <3 "£ O m
<N % £ to 13

Series. Near Ragged Point, Three
Houses, and Bath, the inclined strata

of this formation may be seen dipping

and passing under other beds which rest

unconformably on them in horizontal

positions. Thus we find the accompany-
ing section (fig. 1) in the railway-cutting

and bluffs near Ragged Point. On the

southern and western side of the island,

one cannot be certain of distinguishing

the older beds from the newer, unless

the dip, unconformity, or fossils identify

them. Near the Cathedral at Bridge-

town I found Stylojphora sp. and Astro-

coenia sp. (the same corals as theOligocene

species of Antigua), which were kindly

determined for me by Dr. T. W.Yaughan.
that the old White Limestone passes much below

raised coral-reefs,' and that the

a

£>*£>
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These show
the altitude of the horizontal
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surfaces of both have been extensively denuded, so that the under-

lying limestones appear in places at the surface. Prof. Gregory L

also contributes some knowledge of the corals of the higher levels,

derived from the collections of Messrs. Jukes-Browne & Franks,

found at Castle Grant (at an altitude of over 1000 feet) and at other

points (at over 600 feet in elevation). Their low-level collections

were from Ceres (70 to 90 feet above tidemark). Of the 13 species

found at high levels, 7 occur not only in the ' low levels ' of Jukes-

Browne & Franks, but also in the terrace near Bath at an elevation

of about 150 feet, where they were collected by the present writer.

This important deposit will be described in its proper place.

My own high-level collections were rendered valueless by an

accident, after I had brought them to Washington. As the fossils

of the Bath terrace do not contain any admixture of older forms,

they cannot date much farther back than the Pleistocene Period.

I am inclined to explain the occurrence of the 7 identical species

at the higher levels and at Bath, as having been obtained from

remnants of the newer formation filling hollows in the eroded

surface of the older high-level limestones. This feature may be

seen in ascending the western side of the island, where pockets

rich in corals form a contrast with the prevailing scarcity of organic

remains of the older formation.

Of the remaining 6 species, out of the 13 mentioned, 3 are

reported in both the high- and low-level collections. One of these

— Cypliastrcm cbsiata, Duncan—is a West Indian Oligocene form.

It may have been unconsciously obtained at Ceres, where the older

limestones come to the surface, as is the case of my collection near

the Cathedral. The remaining 3 species come from only the high-

level deposits. Two of them are Oligocene types of the West Indies,

and the third a new species suggestive of the same. The late Prof.

Duncan has also described Astrcea barbadensis from both Barbados
and Antigua (Oligocene). In jNugent's collection from Antigua,

which Duncan studied, there were some living forms. That ad-

mixture has led some writers to regard his conclusions with doubt.

It may here be said that my collection of 15 species, several of

which are new, has been found by Dr. Vaughan to consist entirety

of ancient types referable to the Oligocene Period. My collections

came from the older limestone-beds of Antigua, and I suspect that

the recent forms found by Duncan came from beds of an upper
series related to, or above, the Mechanical Marls of that island.

The amount of erosion which the lower limestones have suffered

has been enormous, so that they have at various points been entirely

removed before the formation of the overlying reefs, as shown near
Bath. This will be referred to again. From the corals already

known (the shells are mostly casts), from the physical characters

here set forth, and from their counterparts in Antigua, Guadeloupe,
Anguilla, etc., one is led to conclude that the White Limestone
Series in the different islands are of the same age as that primarily

1 Quart. Journ. Geol. Soc. vol. li (1895) p. 285.

2c2



360 PROF. SPENCER ON THE GEOLOGICAL AND [Aug. I902,

determined in Antigua. In my papers on these islands,
1 1 have

collected evidence showing

5
^

y

be
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that the limestones belong to the

Oligocene Period, or what was for-

merly called Lower Miocene, and

are equivalent to certain Oligocene

Beds of the South-eastern States of

America.

Additional evidence of the age of

the Antiguan beds has been men-
tioned by Prof. Gregory.2 Since

Duncan's studies of the Antiguan
corals, the White Limestones in other

islands have been frequently com-

pared, in regard to age, with those of

Antigua, and as we now know their

equivalence on the American con-

tinent, whether in the typical island

or in Barbados they may be appro-

priately called the Antigua Form-
ation.

CJ ^

11 2 a

VII. The Bagged-Point Series.

After the deformation and eleva-

tion of the Antigua or old White-
Limestone Series, there was an
extensive denudation of its surface,

when eventually the land stood for

a long time at a low elevation

above the base-level of erosion, so

that the resulting outlines were
broad undulating features. In
places, this denudation left bare the

underlying Oceanic Series. Upon the

denuded surface of this formation a

bed of mechanical limestone was
accumulated, which now rests in an
horizontal position. Bemains of

this, having a thickness of 6 feet,

may be seen lying in the hollows

of the eroded surface of the up-

turned beds of the older white
limestones of Bagged Point, as

shown in fig. 1 (p. 358). The
material is a marl containing water-

worn pebbles of the harder lime-

stones. At other points, fragments of rolled Oceanic Clays were
seen in this mechanical series. The only fossils observed were

1 'On Antigua, Guadeloupe, Anguilla, St. Martin, St. Christopher, etc' Quart.

Journ. Geol. Soc. vol. lvii (1901) pp. 490-544.
2 Ibid. vol. li (1895) p. 295.
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rolled fragments derived from the older formation. Between Three

Houses and the ' Thicket,' remnants of the mechanical limestones

were also seen, resting unconformably upon the Scotland Sands.

At the foot of the terrace, north of Bath, where the Antigua

Formation has been entirely removed, is an horizontal bed of

sand containing small rounded pebbles of the harder old calcareous

rocks and lumps of the Oceanic Clay. This stratum is succeeded

by a coral-formation (fig. 2, p. 360).

Between the sea and St. Thomas's Church, at an elevation of

100 feet, the same mechanical accumulations overlie the older

limestones. Here the thickness is from 4 to 8 feet. At Bridge-

town, a laminated layer of marl, containing rounded pebbles, is

shown in excavations to have a thickness of 3 feet. At many
places, the formation was seen to a height of 100 feet. Wherever
observed, the deposit formed only a remnant of what was once a

widespread mass over the older limestones, which themselves have

been farther carried away where the denuding agents have removed
the covering. Thus this newer formation bears testimony to the

vast amount of subsequent denudation. The Bagged-Point Series

is only a repetition of similar accumulations overlying the eroded

surfaces of the Antigua Limestone in other islands. It may be

correlated with the Lafayette Series of the North American continent,

provisionally placed at the close of the Pliocene Period.

VIII. The Bath-Reef Sebies, and mobe Recent Phenomena.

Along the eastern coast, both south and north of Bath, but here

somewhat interrupted by an indentation, is a limestone-cliff,

the surface of which is a terrace about 150 feet above the sea.

South of Bath, the cliffs lately projected so as to allow 01 the sea

undermining the hard upper beds, and consequently the shore-line is

now strewn with great blocks. About a mile north of Bath a good
section may be seen, as in fig. 2 (p. 360). The summit of this

terrace is level in front, but it rises slightly to 165 feet. The
strata are substantially horizontal, in contrast with the sloping beds

of the Antigua Limestone upon the flank of the mountain behind it.

From two points on this terrace I collected a number of shells,

all in the form of casts, and a quantity of corals, which last

Dr. T. W. Vaughan kindly determined for me, as follows :

—

1. Dichocoenia Stokesi, M.-Ed. & H. 9.

2. Eusmilia fastigiata, Pallas. 10.

3. Orbicella cavernosa, Linn. 11.

4. O. acropora, Linn.

5. Stephanocoenia intersepta, Esper. 12.

<>. Favia sp.

7. Isophyllia sp. 13.

8. Platygyra viridis, Le Sueur. 14.

Diploria lahyrinthiformis, Linn.

Colpophyllia gyrosa, Ell. & Sol.

Isopora muricata, Linn., forma
cervicomis, Lam.
Isopora muricata, Linn., forma
palmata, Lam.
Porites pontes, Pallas.

P. {Neoporites) astraoides, Lam.

All these are living species, without any admixture of old forms.

They are found in a stratum not resting on any calcareous foundation,

so that this may be considered as typical of a series of the Pleisto-
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cene (?) Formation, which itself has suffered greatly from erosion.

Remnants of this massive coral-rock occur in the Scotland Valley

and at other points.

Without entering into the question of what terraces are due to

marine erosion, leaving sea-cliffs in the rear of them, and what are

constructional from the building-up of reefs, it may be said that

these deposits of recent coral-species are widespread over the
surface, not merely below the altitude of 165 feet, but possibly (in

part at least) at the higher levels, where pockets of coral-masses con-

taining recent species occur. Some of these, however, may belong to

an even later epoch of the Pleistocene Period than the Bath Series.

As noticed at Bath, the series rests upon a mechanical foundation :

although unconformity is suggested, it may possibly be its lowest

member. At other points, at the same or lower levels, the over-

lying coral-formation is wanting where it should be found. This

emphasizes the subsequent denudation. But in Dominica, the cor-

responding coral-formation rests in hollows upon the surface of

gravels. At any rate, great denudation of the surface of the Bath
Series occurred during the epoch of the elevation of the land, when
the deep valleys and cirques indenting the margins of the Antillean

Plateau were completed. These features are illustrated in a small

degree in the Scotland Valley and adjacent off-shore soundings

shown, though they could not be strongly marked by the incomplete

soundings of the steep submarine slopes (almost without a fringe)

of this outlying Barbadian remnant of the Antillean Plateau. But
deep erosion -features are illustrated in the submerged ravines or

cirques at the mouth of the Gulf of Paria, and between Trinidad

and Tobago.

The study of the relationship of the Bath Coral-Peef and the

mechanical deposits will help us to understand the whole West
Indian Series, forming, as they do, mantles of similar thickness and
characteristics in Grand' Terre (Guadeloupe), Anguilla, Tintamarre

(near St. Martin), St. Kitts, Sombrero, and Dominica. Whether or

not the coral-reefs in the various islands, with a similar fauna

and development, be nearly as old as the Mechanical Marls, which
are regarded as the equivalent of the Lafayette Formation of the

North American continent (provisionally assigned to the close of

the Pliocene Period), it is certain that they cannot be much older,

if quite so old, as the early Pleistocene Period
;
yet they were

anterior to the epoch of great elevation of the land, when the

deep gorges and cirques were being completed. As there is no
palseontologieal guide in separating the various episodes of the

Pleistocene Period, one is quite prepared to learn that some of the

coral-deposits, newer than the lower gravels, may belong to a little

later date than the Bath Series. Thus some of the newer coral-

accumulations were probably formed during the subsidence, when
the wTaves carved out the sea-cliffs of the higher terraces of

Barbados. This subsidence would correspond in time with that

of the Columbia Formation of other islands and the North

American continent. As the terraces are dissected by only youthful

ravines, the re-elevation must have been comparatively recent.
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But this rise of the land to over 1000 feet is greater than that traced

in other islands. Indeed, the amplitude of all the more recent

changes of land appears to have been greater in the south than in

the north. The subject of the calcareous formations deserves still

further investigation.

IX. Notes on the Physical Features of Trinidad.

The greater part of Trinidad consists of undulating plains rising

to 200 feet above the sea, with some extensive swamps. Along the

southern and the eastern coasts are a few isolated hills, as also a

range of hills in the interior, whose summits reach more than 1000
feet above sea-level. But along the northern side of the island is

a range of mountains containing crystalline schists, etc., which,

culminate in points 3100 feet above the sea. Various formations

of sandstone, shales, and calcareous rocks, in more or less disturbed

strata, have been described by Messrs. Wall, Sawkins, and Guppy,
the last-named of whom places the highest of the series (Caroni) as

the equiva]ent of the Lower Miocene of Jamaica, 1 now referred to

the Oligocene Period. Accordingly, the entire topographic outlines

of the lower country are due to the sculpturing of the surface

during the Miocene-Pliocene Period, as it has been re-covered by
newer formations to only a limited extent. At Matura Bay, on the

eastern coast, Mr. Guppy found a deposit with shells, which he

regarded as indicating a Newer Pliocene Period. I was unable to

visit the locality, but I suspect that in some way this formation

will be found to correspond in time with the Bath Series of Barbados
—that is, the early Pleistocene Period.

Superficial gravel-deposits have been mentioned by previous

writers. Some of these deposits I have visited : thus, behind St. Joseph
are terraces at 110, 135, 185, and 210 feet above the sea. That
at' an elevation of 185 feet was covered by a layer containing

numerous shells of Strombus, oysters, etc. These terraces are com-
posed of loam and gravel, only part of which is rounded and part is

subangular. The colour is reddish or brownish. The plains of the

Caroni are covered with the same material, but contain few pebbles.

Along Dry River (near Port-of-Spain), the surface is covered by
10 or 12 feet of red loam, overlying 3 or 4 feet of well-rounded

gravel. South of San Fernando are extensive horizontal beds of

sand and loam, with some pebbles, resting upon the upturned strata

of the older formations. These have a thickness of 50 feet. They
do not belong to the same formation as the terraces just mentioned.
Mr. AVall classified them provisionally with the later deposits of a

Tertiary formation, at the same time asking whether they were really

such. In position they appear to be a post-Miocene-Pliocene
accumulation, subsequent to the denudation of that long period.

At the point where the Arima River leaves the northern mountains
is an old base-level flat at 200 feet above the town, or about 400 feet

above the sea. This flat is deeply dissected by the stream, in such

1 In his earlier papers Mr. Gaippy placed the Caroni Series in the Upper
Miocene, Quart. Journ. Geol. Soc. vol. xxii (1866) p. 572.
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a way as to suggest the recent elevation of the district, which view
is supported by the occurrence of a neighbouring cataract 340 feet

in height. These and other similar observations show that the old

Miocene-Pliocene land-surfaces continued long in Trinidad, as in

the West Indian Islands, and that they were subsequently covered

by a thin mantle of mechanical deposits, which further observation

would probably show to belong to two series, as on the North
American continent.

X. Summary and Conclusions.

Except the crystalline schists of Trinidad, the oldest formations in

both that island and Barbados are shore-accumulations, which have

been referred to the Eocene Period, though possibly somewhat
older. Then succeeds in both islands the Oceanic Series, deposited

in oceanic abysses at perhaps depths of 2 miles or more. This

great subsidence was followed by an elevation of the region, so

that the subsequent denudation not only moulded the surface of the

Oceanic Deposits, but in places cut through them ; and upon this

foundation the White-Limestone Series, or the Antigua Formation,

was accumulated in comparatively shallow water. This wide-

spread formation has been found to belong to the Oligocene Period.

It was then elevated, so that throughout the long Miocene-Pliocene

Period it formed the surface of the land—which stood at a high

altitude at first, and later, at a lower one—when the broad undu-

lating topographic features of the Antillean Plateau, now in part

submerged to over 7000 feet, were produced. Then followed a sub-

sidence which carried the land to 100 feet below the present level,

when the Ragged-Point Series was accumulated unconformably upon
the older formations, about the close of the Pliocene Period.

Upon the subsequent emergence, the land rose to such a

height as to favour rapid and extensive denudation, so that the

Ragged-Point mantle now remains only in protected places. The
Bath-Reef Series (occurring at a height of 165 feet or more) shows
another very great subsidence, subsequent to a post-Ragged-Point

elevation, with the accumulation of fossils belonging to living

species. Much of the great denudation of the Ragged- Point Series

was subsequent to the Bath episode, for this series has also

been dissected and very largely removed, so as to expose the

lower mechanical formation. The great topographic features of

this epoch are to be seen in the deep river-like valleys and cirques,

such as now indent the margins of the drowned plateau ; these, while

scarcely observable in the scanty soundings on the steep submarine
slopes of Barbados, may be traced to depths of 6000 or 7000
feet near St. Lucia and St. Vincent, and to a less degree at the

mouth of the Gulf of Paria. Possibly the valley shown in the

deep sounding of 8958 feet, west of Barbados, may have been

produced at this time (see map, PL X).

The early Pleistocene elevation was succeeded by a depression of

the region, so that Barbados sank to over 1000 feet lower than now,

and formed only a little low islet, like Sombrero, lying alone far

out in the ocean. During this episode of subsidence, some of the
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superficial coral-layers or pockets were probably formed upon the

surfaces of what are now the raised White Limestones. It was
during these mid-Pleistocene changes of level, carrying the island

down to 1000 feet below the present altitude, and raising it again,

that the waves cut out the sea-cliffs which now form the faces of

terraces. Since their elevation small ravines have been formed,

which dissect their edges. This late ravine-feature is mostly

observable on the drowned coastal shelves of the northern islands,

thus showing that the last movement of depression has not advanced

so far in Barbados as it has in the north.

The question of local elevation due to volcanic forces in other

islands is not involved in the study of Barbados, but only that

relating to great regional movements. All the late minor changes

have not been fully studied. While much is yet to be learned

concerning the Antillean chain, the problem of the changes of level

of Barbados and Trinidad cannot be solved by the investigation of

these islands alone, but it must be studied in connection with those

of the other islands. While there are occasional references to other

islands, a correlation of the phenomena described in the series of

papers of which this is the last, and in the paper of Prof. Cleve on
the Virgin Islands, should be made, pointing out the development
and modification of features in different localities, where the record

of the geological history of the West Indian region may be found.

Discussion [on the two foregoing papers].

Prof. Hell expressed his gratification at being the channel of

communication of these papers to the Society ; though, as the Author
was himself a Fellow, this was unnecessary. He understood that

these papers completed the series in which Prof. Spencer had
embodied the results of an elaborate survey of the great oscillations

of level which the West Indian Islands had undergone in late

Tertiary and post-Tertiary times, causing a connection, as he
maintained, to be established between North and South America,
and the formation of submerged valleys and embayments.

Dr. Blaneord agreed with Prof. Hull in his appreciation of the

value and importance of the Author's descriptions of West Indian
geology. He especially called attention to the new light thrown
on the Raised Coral-Beefs of Barbados, which, instead of being of

one age, as they were described by Prof. Harrison & Mr. Jukes-

Browne, are shown by both physical and palseontological characters

to belong to two (or perhaps three) unconformable series of different

ages. In one of the principal conclusions to which the Author had
come—his view that the whole of the West Indian Islands formed a

high plateau uniting North and South America in the Pleistocene

Period—the speaker was unable to concur. The Author's principal

evidence was derived from submarine troughs and valleys, which he
regarded as proofs of subaerial erosion during a period of elevation,

but the origin of these depressions is doubtful. On the European
shores, the finest submarine valley known (the ' fosse du Cap Breton')
corresponds to no river, and there is no submarine trough of any
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kind corresponding to the greatest river of Western Europe—the

Rhine. Moreover, if the West Indies in Pleistocene times formed
a bridge between North and South America, the fauna of the islands

would testify to the fact. It does nothing of the kind, as was
shown by Mr. G. F. Harris in 1895, with regard to the land-

mollusca, in his remarks on Prof. Gregory's paper. The evidence

regarding the mammals is, if possible, even more strongly opposed to

the Author's views. There are no monkeys, carnivora, or ungulata

even in the large West Indian Islands, but only bats, insectivora,

and rodents. Omitting bats, the rodents and insectivora of Cuba,
Hayti, and Jamaica have quite as strong affinities with African as

with American forms. There are no insectivora in South America,

and the North American genera are remote from the West Indian, the

nearest allies of the latter being found in Madagascar. It is possible

that the West Indian mammals entered the country when it was
part of a land extending from South America to Africa, and since

the immigration of these types, which must have been in the older

Tertiary times, there is nothing, to show that the West Indies as

a whole have been united to either North or South America.

Prof. Sollas said that he could add but little to the weighty words
of the last speaker ; but it appeared to him that the more important

part of these interesting papers lay in their study of stratigraphical

correlations, which afforded fresh evidence of the wide-reaching

character of the Oligocene transgression, and was a solid contribution

to the geology of the Islands.

It was unfortunate that in the more theoretical part of the

papers, terminology was employed which wholly begged the

point at issue. Submarine depressions of various form existed, but

no convincing evidence had been adduced to show that these were

cirques and valleys. Without doubt the area had been subject to

great tectonic changes, but these were not necessarily of the age

nor of the nature assumed : if land-connections were required for

the migration of terrestrial animals, they could be more economically

obtained by bridging the gaps between the islands, and a subsequent

fracturing and subsidence of the bridges might then be admitted.

Prof. Watts, by permission of the President, read the following

remarks sent by Mr. A. J. Jukes-Browne :

—

' I notice that the Author's papei* on Barbados deals mainly with the

Raised Coral-Beefs, and that his examination of these rocks has led him to

find three distinct formations in what Brof. Harrison and I regarded as one

continuous series. Apparently he only admits the two newer of these
" formations " to be Pleistocene, and claims that the oldest beds contain an
Oligocene fauna. On the strength of this he refers the Oceanic Series to the

Eocene, and the Scotland Beds to a still earlier period.
' All this alteration in the classification of the Barbadian sequence appears to

depend entirely on the identification of the corals which have been obtained

from different levels, and on their comparison with Antiguan and American
species. I understand, however, that the Author has not added much to the

fauna of the high-level reefs, and that the beds which he would refer to the

Oligocene occur at low levels near Bridgetown and at Ragged Boint.
' Brof. Harrison and I have admitted that the oldest reef-rocks and the

Globigerina-m&rls maybe of Bliocene age; but it will need very strong evidence

to prove that any parts of what we took to be low-level reefs are ancient
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limestones of Oligocene age. The evidence on which the Author relies is not

given in the abstract of the paper, and when it appears it will be presumably

such as only a coral-specialist can properly appreciate. He intimates,

however, that the fauna is the same as that of his Antigua Formation, which
Dr. T. W. Vaughan has pronounced to be of Oligocene age. I shall await the

publication of this evidence with much interest.'

Postscript to Discussion.

[The Author, in reading over the proof, replies to Dr. BlanforcVs

doubts as to the continental elevation of the islands, in addition to the

evidence adduced from drowned valleys set forth in these and other

papers, by calling attention to the fact that features similar to the
' fosse du Cap Breton ' (not having a great river at its head) may be

found dissecting the Central American plateaus where no great river

enters them, as the barrancas cut out of nearly horizontal plains start

from no surface-depression, and in the distance of a mile form gorges

500 feet or more in depth, with numerous tributaries. All of

these continue, and sooner or later form great valleys. They are

like great wash-outs. As for not finding the continuation of the

Bhine or that of a Norwegian fjord, these valleys are more or less

in the path of the ancient glaciations, and therefore their courses

may have become concealed ; while, on the other hand, similar

great-river valleys in America are traced to the floor of the sea.

Beferring to the distribution of fauna not supporting the continental

connection of the islands, he would point out that remains of Ambly-
rhiza and Elephants of Pleistocene age have been found in Anguilla

and Guadeloupe. The great elevation is supposed to have been
in the Early Pleistocene Period. Later, subsidence completely or

almost completely submerged many of the islands—thus reducing

Barbados to an island of probably less than a square mile in, area,

such as Sombrero is nowadays. And as there has been no sub-

sequent connection of the islands and continent, large modern
species could not be expected in the islands. The Author is quite

prepared to accept an Atlantis theory such as Dr. Blanford seems
to favour ; but that would also involve a connection of the Wind-
ward Islands with the continent at a late date.

To reply to Prof. Sollas would involve too lengthy a discussion.

But the evidence adduced from the submerged topographic forms

is confirmed by the relationship with and repetition of land-features,

best seen in high plateau-regions, such as Mexico and Central

America, where the Author has just spent another winter (whence
the delay in the appearance of this paper).

In reply to Mr. Jukes-Browne, the Author ventures to think that

a perusal of the full paper will explain the situation. The different

series, as shown by unconformities so pronounced, with the most
elevated and oldest calcareous formation traceable as dipping-beds
to the sea-level, as for instance near Bagged Point, furnish proof of

different epochs (short or long) even without fossils ; and this shows
that the Barbadian series are in complete harmony with those of

the other Antillean islands, which help to explain the changes in

Barbados, while those in Barbados throw light upon the history of

the other islands.

—

April 28t7i, 1902.]
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22. Note on a Preliminary Examination of the Ash that fell on

Babbados after the Eeuption at St. Vincent (West Indies).

By John Smith Flett, M.A., D.Sc, F.R.S.E., F.G.S. With

a Chemical Analysis by Dr. William Pollard, M.A., F.G.S.

(Bead May 28th, 1902.)

Two samples of the material were sent by Dr. D. Morris, C.M.G.,

of the Imperial Agricultural Department for the West Indies, to

Prof. Judd, who forwarded them to the Director of the Museum of

Practical Geology. They consisted of a fine greyish-brown powder,

not unlike ' flour-emery/ but somewhat coarser and distinctly gritty

to the touch. This powder was passed through a set of sieves, and it

was found that 69 per cent, passed a sieve of 90 meshes to the

inch, and 95 per cent, passed one of 60 meshes. All passed 30
meshes to the inch.

The 'ash' contains plagioclase-felspar, hypersthene, "monoclinic

brownish augite, apatite, and magnetite, with fragments of a brown
glass. The separated powders were all of much the same colour.

Plagioclase-felspar is the most abundant constituent, mostly

in broken fragments of very irregular shape. It belongs largely to

labradorite, but appears to include more than one variety.

Perfect crystals are not uncommon. Glass-enclosures are very

numerous, and are frequently rectangular in outline : they often

contaiu very small stationary bubbles.

Many of the felspars have a thicker or thinner skin of glass
adhering to their surfaces. This glass is brown, somewhat turbid,

isotropic, with often many small rounded steam-cavities. The
perfect crystals of felspar are often lozenge-shaped, as they lie

on the broad flat brachypinacoid, being bounded by 001 and 201.

Hypersthene is next in frequency. The larger crystals are

strongly pleochroic in green and reddish-brown tints, as is usual in

a volcanic hypersthene which is rich in iron. The enclosures are

glass-cavities with bubbles, and are often bounded by regular

prismatic outlines. Magnetite is sometimes also seen in sharply-

formed little octahedra in the hypersthene. Monoclinic augite
is less common; it is browner in colour, less pleochroic, and
contains fewer enclosures than the hypersthene.

Both pyroxenes are often in perfect little crystals, showing prism-

faces and both vertical pinacoids, and with roof-like terminations.

Sometimes a little brown glass is adherent to their surfaces. Many
of the hypersthenes are cross-twins.

Magnetite can be easily extracted in fair quantities from the

powder by a weak magnet. Its octahedra are often perfect.

Apatite is undoubtedly present in rather large prisms; and
there is another mineral, which appears to be zircon.

Fragments of glass are numerous, and mostly smaller than those

of crystallized minerals. The very smallest are minute threads and
broken fragments, with curved or concave surfaces, such as are

common in the tuffs that exhibit ' aschen-structur.' The larger
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pieces of glass are grey or brownish in colour, turbid or spotted,

full of very small steam-cavities, and between crossed nicols show
sometimes small, elongated, doubly-refracting microliths. In most

cases the larger pieces are of composite character, and consist of a

fragment of felspar with more or less of adherent glass.

Among the finest debris there is much felspar in very minute

angular chips, but pyroxene in this condition is less common.

The great preponderance of crystalline materials in this volcanic

dust is one of its distinctive features, and shows that in the lava

before the great eruption an early generation of crystals was
developed in considerable perfection and abundance.

Another feature worth notice is the perfect crystalline form, not

seldom exhibited by the felspar and the pyroxenes, and the very

inconsiderable amount of glass that often surrounds them. At the

time when the mass was projected into the air the glass must have
been very fluid, and must have been to a large extent wiped off the

surface of the crystals by friction with the atmosphere during its

rapid passage.

Dr. Morris reports that ' the ash at first was of a brownish colour,

then it became slightly redder,' while the final deposits consisted of

a whitish-grey impalpable powder. This may be explained by
supposing that the minerals of high specific gravity were first to

fall. The magnetite and the pyroxenes would first subside, and
appear black or dark-brown from adherent films of brown glass

;

thereafter the felspars, paler, but brownish for the same reason

;

and the last to fall would be the minute threads of glass and the

smallest debris of felspar, which would form a whitish-grey

impalpable powder.

A complete chemical analysis of this ash is appended, and as

the state of the material offers considerable facilities for mineral

separations, it is hoped that at a future time it may be possible to

obtain separations and analyses of the constituents, more especially

the felspars. The chemical analysis is as follows :

—

Per cent.

Si0o 52-81

Ti(X 0-95

Al.,63 18-79

Fe;03
3-28

Fet) 4-58

MnO 0-28

(CoNi)O 0-07

CaO 9-58

MgO 5-19

K O60
Na 323
P2Og 0-15

S0 3
0-33

CI \ 0-14

H.,0 at 105° Cent O20
H;0 above 105° Cent 017

Total 100-35
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Discussion.

Mr. Teall called attention to the small quantity of potash revealed

by the analysis, and thought that this might possibly be due to the

glassy part having been mechanically separated from the crystalline

minerals in the air, as the sample analysed consisted mainly of such

minerals. Hence, if the area could be found where the glass fell,

the discovery might prove important from the agricultural point of

view. Nature would have been more bountiful if she had let all

the glass fall on Barbados, and the minerals in the sea.

Prof. Johnston-Lavis pointed out the uselessness of such dust-

analyses, except as applied to agricultural deductions at the actual

spot where the material was collected. He had shown many years ago

that, in studying a given volcanic deposit, its composition varied with
the distance from the focus of eruption, owing to the winnowing
effect of air-currents. In his paper on volcanic ejectamenta, he had
shown that a volcanic dust may be quite different in composition from
the initial explosive material that was the motive power of its ejection,

so that it might be in part made up of the powder of quite different

volcanic rocks, or even of sedimentary rocks forming the walls of the

volcanic vent. Thus a volcanic dust might contain a large percentage

of limestone or quartz of sedimentary origin. Only a careful

selection of primary eruptive material near the vent, without any
admixture of supplementary or accidental ejectamenta, could afford

suitable material for an analysis that would throw any light on the

nature of the magma of this eruption.

Prof. Sollas doubted whether the small proportion of potash

contained in these ashes stood in any necessary connection with the

wiunowiug-away of the glass, especially if this amounted to half

the bulk of the rock, as might well have been the case. The general

result of analyses which had hitherto been made, was to show that

the chemical composition of the total phenocrysts of a glassy rock

did not differ widely from that of the glass itself. No doubt there

was a general increase in the ratio of potash to soda on passing

from phenocrysts to glass, but it was on the whole trifling, and not

sufficient to lead us to expect that the glass of this eruption should

contain more than, say, an additional 1 per cent, of potash above

that in the phenocrysts.

Mr. Prioe said that he had examined the dust, and thought that

it indicated the character of the lavas of eruption : they were
probably hypersthene-augite-andesites, such as those of the Andean
and Mexican chains. He had also examined the dust which fell

on Barbados in 1812; this was finer in grain, but qualitatively of

the same composition as the dust of 1902. The amount of light

material (pumice), however, was much larger, and that of magnetite

less. The older fall is said to have increased the fertility of Bar-

badian soils.
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23. The Carlisle Earthquakes of July 9th and 11th, 1901.

By Charles Davison, Sc.D., F.G.S. (Bead April 16th, 1902.)

[Map on p. 372.]

The chief title to interest possessed by the Carlisle earthquakes of

1901 is the light which they throw upon the structure of the

region underlying the Lake District and 'the North of Cumberland

—a structure which must clearly be very different from that mani-

fested by the surface-rocks. The shocks were at least four in

number. The first and strongest occurred on July 9th, at 4.23 p.m. ;

the second about three minutes later ; the third on the same day at

4.45 p.m. ; and the fourth on July 11th at about 11.10 p.m. In

addition, there are records of four other shocks, depending on the

authority of single observers. These are as follows :

—

July 9th, about 3 p.m. : Loweswater. A. slight shock.

July 10th, about 1.30 a.m. : Crosthwaite (near Keswick). A
slight shock without sound.

July 12th, about 2 a.m. : Crosthwaite. The same.

July 14th. about 11 p.m. : Crosthwaite. The same.

a. July 9th, 4.23 p.m.

Intensity, 5 centre of isoseismal 5, lat. 54° 47*8' N., long. 3° 04' W.
Number of records 267, from 155 places ; and negative records from 50
places.

Isoseismal lines and disturbed area.—The two continuous

curves in the map (p. 372) refer to this earthquake. The isoseismal

5 is very nearly a circle, 29 miles in diameter, and 660 square miles

in area. Its centre is situated at a point 7 miles south-south-west

of Carlisle.

The isoseismal 4 is an elongated ellipse, 66 miles long, 46 miles

wide, and 2390 square miles in area, its longer axis running
X. 5° E., and S. 5° W. The distance between the isoseismals 5
and 4 is 5 miles on the west side and 10 miles on the east.

Outside this isoseismal, the shock was felt at Whitehaven, 2 miles

to the west, Westerkirk and Eskdalemuir, respectively 4 and 9

miles to the north, and Barbon, near Kirkby Lonsdale, 5 miles to

the south-east. Its disturbed area must therefore have contained

more than 3000 square miles.

The excentricity of the isoseismal 5 with respect to the iso-

seismal 4 is the most peculiar feature of these lines. On the north,

the distance between them is 10 miles, and on the south 27 miles,

the distance between their centres being about 9 miles.

Nature of the shock.—In the central portion of the dis-

turbed area, the shock consisted of a single continuous series of

vibrations. The accounts as a rule are not very detailed, but



Map showing the area affected by the Carlisle Earthquakes.

[The inner continuous curve represents the isoseismal 5, and the outer continuous
curve the isoseismal 4 of shock a. The inner dotted curve represents the
isoseismal 4, and the outer dotted curre the isoseismal 3 of shock c]
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there were evidently two maxima of intensity, with intervening

weaker motion and fainter sound. At no great distance from the

longer axis, these intervening vibrations became imperceptible to

many observers, and the shock consisted of two detached series of

vibrations, separated by an interval of about 3 seconds' duration.

This double series was perceived over an area the outer boundary of

which coincides nearly with the boundary of the disturbed area of the

third shock (indicated by the outer dotted line on the map), except

that it is less elongated in form, extending 2 or 3 miles beyond it

towards the east, and falling short of it by about the same distance

towards the north and south. Towards the boundary of the dis-

turbed area, the shock consisted once more of a single series, the

weaker part of the shock apparently becoming imperceptible.

The continuity of the shock over a band extending from Carlisle

to Coniston, implies a corresponding continuity in the focus. The
disposition of the isoseismal lines, however, in conjunction with the

observations on the shock, shows that within the focus there were
two regions of initial maximum intensity. The principal

region must have been near the centre of the isoseismal 5 ; the

other appears to have been in the neighbourhood of Grasmere, for,

in this district, there is evidence of a slight increase in the intensity

of the shock. The records of the order of relative intensity of the

two maxima or series are few in number ; but it is probable that

the slipping began at the northern end of the focus, and took place

rapidly throughout its whole extent.

The average of forty-five estimates of the duration of the shock

is 7*2 seconds, or, excluding eight estimates varying from 12| to

30 seconds, the average is 4*1 seconds.

Sound-phenomena.—The sound was heard all over the dis-

turbed area, and by 90 per cent, of the observers. The percentage

of audibility varies very slightly in different parts. Within the dis-

turbed area of the third shock (the boundary of which is approximately

an isoseismal of the first shock), the percentage is 90 ; outside it, it

is 89j : an uniformity which is probably due to the great depth of

the focus. It is evident, however, from the descriptions, that the

sound was by no means of uniform intensity. Comparisons in some
places to very heavy waggons passing, to the crash of a steam-

roller against the house, to dreadful explosions, etc., and in others

to distant thunder (a very common expression), wind, or a distant

explosion, show that there were two regions of maximum intensity,

the boundaries of which are difficult to define. One of them lies

within the isoseismal 5 ; the other includes such places as Amble-
side, Coniston, Grasmere, Hawkshead, Eydal, and Wythburn, at

several of which the intensity of the shock was greater than in the

surrounding district.

The sound was compared to passing waggons (a passing motor-
car appearing for the first time in such references) in 33 per cent,

of the records, to thunder in 35 per cent., wind in 6, loads of stones

Q.J.G.S. jNo. 231. 2d
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falling in 4, the fall of a heavy body in 7, explosions in 8, and to

miscellaneous sounds in 6 per cent.

The beginning of the sound preceded that of the shock in 60 per

cent, of the records relating to this epoch, coincided with it in 36,

and followed it in 4 per cent. ; the epoch of maximum intensity of

the sound preceded that of the shock in 25 per cent, of the records,

and coincided with it in 75 per cent. ; while the end of the sound
preceded that of the shock in 11 per cent, of the records, coincided

with it in 63, and followed it in 26 per cent. In 60 records, the

time-relations of both terminal epochs are mentioned : in 48 per

cent, of these, the duration of the sound is greater than that of the

shock, in 35 per cent, equal to it, while in the remaining 17 per

cent, the relative duration is doubtful.

b. July 9th, about 4.26 p.m.

Intensity, 4. Number of records 4, from 4 places.

This earthquake was observed at Carlisle, Cummersdale, Eock-
cliffe, and Wigton. The shock was slight, and lasted about

2 seconds. At Rockclifie it was accompanied by a noise like that

of a heavy body falling ; and at Wigton by a sound which resembled

that of a passing traction-engine. The focus of this shock was
evidently close to the northern end of the focus of the first and
principal shock.

c, July 9th, 4.45 p.m.

Intensity, 4 ; centre of disturbed area, lat. 54° 40'2' N., long. 3° 2'4' W.
Number of records 64, from 44 places ; and negative records from 59 places.

Isoseismal lines and disturbed area.—The two dotted

lines in the map (p. 372) refer to this earthquake. The inner line

represents the isoseismal 4, but the course of the line is doubtful

towards both east and west. As drawn, it is an elongated oval,

37 miles long, 13 miles wide, and including about 380 square miles.

The outer line, which forms the boundary of the disturbed area,

is more accurately drawn. It is 51 miles long, 28 miles wide, and
contains an area of 1130 square miles. The longer axis runs

N. 4° E., and S. 4° W., and the centre of the curve is 6 miles

north-east of Keswick ; but the epicentre probably lies a short dis-

tance farther west. The position of the boundary with regard to

the isoseismal 4 of the first shock (the distance between them being

6 miles on the west, and 12 miles on the east, side) shows that it

must coincide closely with an isoseismal of intensity slightly greater

than 4 of that earthquake.

Nature of the shock.—The shock was simpler in character,

as well as much slighter, than the first. In all parts, there was a

single series of vibrations, which gradually increased in intensity

and then died away. There is no evidence of any discontinuity in
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the shock, or of the existence of more than one maximum of

intensity. The mean duration of the shock was 3*4 seconds.

Sound-phenomena. — The sound, though obviously much
slighter than that which accompanied the first shock, was heard at

four places outside the disturbed area— at Linethwaite and Allonby

to the west, and Bentpath and Westerkirk to the north-west. This

overlapping of the sound-area on the west confirms the conclusion

already arrived at, that the originating fault must hade to the

east.

The sound was heard by 86 per cent, of the observers ; and it is

worthy of notice that the percentage of audibility is the same outside,

as within, the isoseismal 4 of this earthquake. Comparisons are

made to passing waggons, etc., in 46 per cent, of the descriptions,

to thunder in 33, explosions in 17, and to miscellaneous souuds in

4 per cent. The large percentage of references to the first type is

no doubt due to the gradually increasing amount of slip from the

northern and southern margins towards the central region of the

focus. The sound is uniformly described as faint, with one exception.

This occurred at Mungrisdale, which is on the minor axis of the

disturbed area, and about 2 miles from the centre, and here the

sound was evidently loud, for it was compared to terrific thunder.

Very few observations were made on the time-relations of the

sound and shock. The beginning of the sound either preceded or

followed that of the shock, while the end of the sound either coin-

cided with or followed that of the shock, the number of records in

each case being three.

cl. July 11th, about 11.10 p.m.

dumber of records 2, from 2 places.

A slight tremor was observed at Coniston and Mirehouse (near

Keswick). It is probable that the focus was not far from the

southern part of that of the first shock.

Origin of the Earthquakes.

The principal result to which the investigation of the Carlisle

earthquakes has led, is the recognition of a deep-seated fault, the

average direction of which is N. 5° E., and S. 5° W., and the hade
throughout is to the east. In the surface-rocks there is no sign

whatever of such a structure; but the study of two successive

earthquakes points to the same conclusion, and I do not think that

the evidence can be interpreted in any other way.
The movements along the fault which gave rise to these earth-

quakes were somewhat peculiar. In the first shock, the focus was of

considerable length, and consisted of two principal portions the centres

of which were about 23 miles apart, connected by a region wherein
the slipping was continuous throughout, and much less in amount.

2 1) 2
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The northern part of the focus was smaller than the other, but was
marked by a much stronger impulse. The stress in this portion of
the fault was not, however, completely relieved by this displace-

ment, for, 3 minutes afterwards, another slight slip occurred there.

The third slip, about 20 minutes later still, was complementary to

the first, for it appears to have occupied the whole of the region

between the two principal portions of the first focus, and to have
been greatest near the centre of that region and gradually dimin-

ishing towards both ends. A little more than two days later, a

very slight movement occurred in or near the southern part of the

first focus, and the series of movements, if we may rely on solitary

observations, concluded with some small slips near the central part

of the intermediate region of the fault.
1

[For the Discussion, see p. 397.]

1 The expenses incurred in investigating this earthquake were defrayed from
a grant received from the Government Research Fund.
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24. The Inverness Earthquake of September 18th, 1901, and Us

Accessory Shocks. By Charles Davison, Sc.D., F.G.S. (Head

April 16th, 1902.)

[Plates XI & XII.]

I. Introduction.

The earthquakes of Inverness and Conirie, though never so strong

as those of Essex and Hereford, bear, in their long trains of after-

shocks, a far closer resemblance to the great earthquakes of other

countries. Since the Comrie earthquake of October 23rd, 1839,

which was followed by 330 tremors and earth-sounds within little

more than two years,
1 no British earthquake has been attended by

so many accessory shocks as that which occurred in the neighbour-

hood of Inverness on September 18th, 1901. The unusual intensity

of the earthquake, its apparent connection with the great northern

boundary-fault of the Highlands, and the possibility of tracing

oscillations in successive centres of disturbance along the fault-

surface, combined in rendering a detailed investigation desirable.
2

The names of all those who have assisted me are too numerous to

mention here ; but, in offering my best thanks to them collectively,

I should like to acknowledge my special indebtedness to Mr. W. J.

\Vatson, Eector of the Boyal Academy, Inverness, Mr. A. S. Eeid,

F.G.S., of Trinity College, Glenalmond, Mr. S. Archibald of Dala-

rossie, and Miss Isabel Forbes of Teanassie, near Beauly, for the

most useful series of accounts which they have kindly collected.

Valuable records of after-shocks have also been communicated to

me by the following gentlemen :—Mr. D. Forsyth (Inverness),

Mr. James Fraser (Aldourie), Mr. John E. Fraser (Dores), Mr. P.

Fraser (Holm, near Lentran), Mr. A. Grant (Drumalan, near
Drumnadroch.it), Mr. W. Grant (Invermoriston), Mr. E. Keillar

(Lochend, Aldourie), Mr. W. Mackenzie (Bunchrew), Lieut.-Colonel

L. D. Mackinnon and Mr. D. Munro (Dochgarroch), Lieut.-General

F. W. Peile (Inverness), Mr. D. A. Eose (Abersky), and the Eev. T.

Sinton (Dores) ; while Col. Mackinnon and Mr. D. Munro have
furnished some interesting notes with regard to the fissure formed
in the bank of the Caledonian Canal, near Dochgarroch.

In the following catalogue of earthquakes, I have included no
records but those made by careful observers. A large number (41)
of the shocks and earth-sounds rest on the authority of a single

observer ; but, while all are probably of seismic origin, I have dis-

tinguished by means of prefixed letters and more detailed descriptions,

those (19 in number) that were noticed by several or many persons.

In estimating the intensity of the shocks, I have referred as usual

1
J. Drurnmond, Phil. Mag. vol. xx (1842) pp. 240-47.

2 The expenses of the investigation were defrayed from a grant received from
the Government Research Fund.
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to the Rossi-Eorel scale, but have employed only one test for each

degree. 1 At the head of the account of each earthquake, the

position of the epicentre is given to the nearest tenth of a minute

of latitude and longitude ; and, in the account itself, I have stated

the approximate position with reference to Dochgarroch, a place

which lies close to the epicentres of nearly all the shocks. In the

maps (Pis. XI & XII), the isoseismals are indicated by continuous

lines when some confidence may be placed in their accuracy ; and,

in parts, by broken lines when their course is doubtful, owing to the

scarcity or absence of observations.

As the principal earthquake occurred shortly after midnight, many
of the observers were asleep when it began. In most cases, how-
aver, they were evidently awakened by the preliminary sound ; for,

according to those who were awake, the beginning of the sound

preceded that of the shock in 72 per cent, of the records, coincided

with it in 21, and followed it in 8 per cent. According to those

who were asleep, the corresponding figures were 72, 20, and 9.

In other respects, also, the two classes of observers differ but

slightly ; and the only point on which I have not availed myself of

the evidence of those who were at first asleep, is the relative

intensity of the two parts of the shock.

II. Faults of the Epicenteal Disteict.

With a few exceptions, the earthquakes originated beneath the

district lying between Inverness and the north-eastern end of Loch

Ness. The chief structural feature of this district, is the great

boundary-fault which runs from Tarbat Xess along the eastern coast

of Ross-shire, and follows the line of the Great Glen. The mean
direction of this fault is about N. 35° E., and S. 35° W., and its

hade is to the south-east. Its course within the epicentral district

(for which I am indebted to Mr. J. Home, E.K.S.) is shown in

PL XII and the text-figure on p. 392.

Several of the after-shocks were observed only at Dalarossie and

a few other places in the valley of the Eindhorn ; and it is probable

that they were due to movements along a fault in this district.

The seismic evidence is insufficient to determine the position of

this fault, except that it may run along the line of the valley.

Mr. Home informs me that the ground there has not yet been

surveyed, but that he has proved the existence of faults along the

Findhorn V alley near Drynachan Lodge, which lies about 11 miles

down the valley from Dalarossie.

III. Foee-Shocks.

The beginning of the series, which culminated in the earthquake

of September 18th, seems to have occurred some time during the

preceding summer months. No precise dates are available, but

1 Phil. Mag. ser. 5, vol. 1 (1900) p. 51.
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there is an isolated record of one in June at Aldourie, and of

another in July at Dochgarroch. The first to attract general

notice took place about thirty hours before the principal shock.

a. September 16th, 6.4 p.m.

Intensity, 4 ; epicentre, lat. 57° 24*9' N., long. 4° 18*5' W. Number of

records 9, from 8 places (PL XII).

The disturbed area is roughly circular in form, about 12 miles in

diameter, and contains about 108 square miles. Its centre lies

about \\ miles south of Dochgarroch, and three-quarters of a mile

on the south-east side of the great fault. The shock was extremely

slight, the vibrations being hardly perceptible, except at Dochgar-

roch. As a rule, the sound was also faint, though more prominent

than the accompanying tremor. The approximate circularity of the

disturbed area shows that the focus must have been small, an infer-

ence which is supported by the comparison of the sound with the

discharge of cannon. 1

September 17th, 11 p.m. : Inverness.—A quivering, lasting for

2 seconds.

September 18th, 1.15 a.m. : Dochgarroch.—A tremor, accom-
panied by sound.

IV. Principal Earthquake.

b. September 18th, 1.24 a.m.

Intensity, 8 ; centre of Isoseismal 8, lat. 57° 268' N., long. 4° 15'8' VvV
Number of records 710, from 381 places ; and 77 negative records from 68 places.

Time of occurrence.—For the time of occurrence stated above,

I am indebted to Dr. Alexander Ross, E.G.S., of Inverness. It seems

to me the most reliable of all the estimates, for it was observed

immediately and checked by time-ball (Greenwich mean-time)
during the following morning. It differs little, moreover, from the

records given by several station-masters in the immediate neighbour-

hood of Inverness. 2

Effects of the shock.—In Inverness, the damage to build-

ings, though never serious, was by no means inconsiderable. One
brick building used as a smithy collapsed, several chimneys, or parts

of them, fell, and many chimney-pots were displaced or overthrown.

1 On September 16th, at 9.30 p.m., a slight shock is said to have been felt at

Edderton, Eortrose, and Tain. No details are given, and the places of observa-
tion are so far one from the other and from the main epicentral area, that. it is

impossible to establish the seismic character of the disturbance, or even to
regard it a3 probable.

2 The Rev. A. Henderson informs me that the shock was registered by the
Ewing seismograph in the Coats Observatory at Paisley, but the time given
(lh 2lm 35s a.m.; appears to me too early. The seismographs at the Ben-Nevis
and Fort-William observatories and at the Koyal Observatory, near Edinburgh,
were not affected bv the shock.
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At Dochgarroch, and other places within the epicentral district,

walls were cracked, chimneys thrown down, and lintels loosened.

But, for this country, the most remarkable effect of the earth-

quake was a long crack in the northern bank of the Caledonian Canal,

near Dochgarroch Locks. It was formed in the middle of the

towing-path, and could be traced at intervals for a distance of

200 yards to the east of the Locks and 400 yards to the west, being

often a mere thread, and in no place more than half an inch wide.

Shortly after the earthquake, heavy showers of rain obliterated

the fissure ; but Col. Mackinnon informs me, on the authority of

the engineer in charge of the canal, that there can be no doubt

whatever that the crack was caused by the earthquake.

Epicentral are a.—The district within which slight damage to

buildings occurred is bounded by the isoseismal 8, the innermost

line in PI. XI (shown on a larger scale by the dotted line in PI. XII).

The curve is 12 miles long, 7 miles wide, and contains 67 square

miles : its longer axis running N. 33° E., and S. 33° W. The
centre of the curve is about 1-1- miles east-north-east of Dochgarroch,

and three-quarters of a mile on the south-east side of the fault-line.

Isoseismal lines and disturbed area.—The isoseismal 8

is probably the only curve of the series that is accurately drawn
throughout. In every other case, owing to the scarcity of observa-

tions in the West of Scotland, there are portions which must be

regarded as doubtful.

Except towards the west, there are sufficient points to determine

the course of the isoseismal 7. Its length is 53^ miles, width
35 miles, and area 1500 square miles ; the longer axis is directed

N. 32° E., and S. 32° W., and is therefore nearly parallel to that

of the isoseismal 8. The distance between the isoseismals is 9

miles on the north-west side, and 14 miles on the south-east side.

Records of intensity were difficult to obtain, as most observers

slept in darkened rooms. As drawn on the map in the position

which appears to me most probable (PI. XI), it includes a district

105 miles long, 87 miles wide, and containing 7300 square miles.

The distance between the isoseismals 7 and 6 is 21.1 miles on the

north-west, and 31 miles on the south-east side.

The path traced out for the isoseismal 5 is entitled to a greater

degree of confidence. Its length is 157 miles, width 143 miles,

and area about 17,000 square miles. The distance between the

isoseismals 6 and 5 is 21-1- miles on the north-west, and 34^- miles

on the south-east side.

For the isoseismal 4, there are again but few determining points,

and the curve could not have been drawn in the doubtful parts

without reference to the preceding isoseismal. In the extreme

Xorth of Scotland, records come from Wick, Castletown, and other

intermediate places. From the North-west of Sutherland and from

Skye, observations are entirely wanting. The intensity was, how-
ever, equal to 4 at Tobermory, in the island of Mull. Towards the

south, there are good accounts from Skelmorlie (in Ayrshire), Paisley,
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Belsyde (near Linlithgow), Gullane (near North Berwick), and

Dunbar. So far as I know, the earthquake was not felt in either

Edinburgh or Glasgow, but the isoseismal 4 clearly passes to the

south of the line joining these cities. The distance between the

isoseismals 5 and 4 is 20 miles on the north-west, and 35 miles on

the south-east side.

Isoseismal 4 may be regarded as the boundary of the disturbed

area, for no observations seem to have been made outside it. The
disturbed area is thus 215 miles long from north-east to south-west,

198 miles wide, and includes about 33,000 square miles.

Position of the originating fault.—Despite the some-

what doubtful character of the three outer isoseismals, the other

two furnish abundant evidence for determining the position of the

originating fault. The direction of their longer axes shows that

the average direction of the fault must be N". 33° E., and S. 33° W.
As the distance between the isoseismals is greater on the south-

east than on the north-west side, we may infer that the hade of

the fault is to the south-east. Again, the intensity of the shock

being greater on the side towards which the fault hades, it follows

that the fault-line must lie a short distance (about a mile or so) on
the north-west side of the centre of the isoseismal 8.

The correspondence between the positions of the great boundary-
fault and of the fault inferred from the seismic evidence, is so close

that there can be little, if any, doubt that the earthquake was due
to a slip along this fault. It will be seen that the evidence of the

after-shocks offers additional support to this conclusion.

Nature of the shock.—Contrary to the general rule, there

was little variation in the nature of the shock throughout the dis-

turbed area. This will be seen from the following accounts, which
are selected as typical from among those written by observers who
were awake when the shock began :

—

Inverness.—A gentle movement, followed by an extraordinary
quivering, which increased in force for 2 or 3 seconds, and then
decreased for 2 or 3 seconds

;
just as the quivering was about to

cease, there was a distinct lurch or heave, after which the vibration

was much more severe than before, and lasted several seconds longer

than the first part of the shock.

Dalarossie.—The first indication was a loud sound, as of an
express train coming from the east, rushing along close to, and then
under, the northern wall of the house ; this lasted for a few seconds,

and towards the end of it the house vibrated. Then succeeded an
interval of quietness for about one second, followed by a terrific

burst or crash, not unlike the crash of a loud thunder-peal of about
2 seconds' duration, during which the house distinctly heaved up
once and then sank back. After another brief interval of quietness,

there was a low rumble, somewhat like the sound of a dying peal
of thunder.

Aberlour.—A noise, like that of a traction-engine, was first

heard, and at the same time a vibration was felt, such as is generally
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associated with a traction-engine passing close at hand. Both noise

and vibration ceased, and almost immediately there followed two or

three heaves like a slight movement in a boat.

Aberdeen.—The shock consisted of two parts, the first a tremble,,

followed, after an interval of a few seconds, by a swinging move-
ment of longer duration than the tremble.

Similar descriptions are given by observers in other parts of the

disturbed area. If we divide the whole area into four quadrants
by lines drawn through the epicentre parallel to the axes of the

isoseismal 8, such records come, in the eastern quadrant, from
Aberdeen, Aberlour, Dinnet, Duffus, Dyke, Forres, Huntly, Inver-

ness, Monyruy, and Ilothie-Norman : in the southern quadrant,

from Aberfeldy. Blairgowrie, Dunbar, and Bothiemurchus : in the

western quadrant, from Lochcarron : and along the line between
the eastern and southern quadrants (that is, on the minor axis of

the isoseismals), from Dalarossie and Montrose. Throughout the

disturbed area, the shock thus consisted of two distinct parts, the

second being of greater duration and intensity than the first, and
consisting of vibrations of longer period. Near the epicentre

there was no interval between the two parts ; but, at a distance,

the intermediate tremors were imperceptible, and the parts were
separated by an interval of rest and quiet lasting 2 or 3 seconds. 1

It follows that the two series of vibrations were produced by two
distinct impulses, the stronger impulse succeeding the other after an
interval of a few seconds. It is possible that the corresponding foci

were nearly or quite detached, as in the twin earthquakes of Hereford

in 1896 and Leicester in 1893 ; but it is more probable, I think,

that the focus of the earlier impulse was overlapped by, or included

within, that of the second.

Sound-phenomena.—Outside the isoseismal 5, there are but

few records of the earthquake-sound ; it was heard faintly, however,

at Skelmorlie (in Ayrshire), Belsyde (near Linlithgow), and Gullane

(near North Berwick). Towards the north, it was not observed

beyond Wiok and Watten (in Caithness). The extent of the sound-

area must therefore have been about 27,000 square miles.

Throughout the whole disturbed area, 84 per cent, of the observers

who describe the earthquake heard the accompanying sound. The
percentage varies in different counties, from 93 in Inverness-shire

to 77 in the counties of Perth and Aberdeen. In more distant

regions, the records are too few to allow of the percentage of audi-

bility being calculated ; and the scarcity of observations in all but

the south-eastern quadrant prevents, of course, the construction of

isacoustic lines.

1 According to 22 observers, who were awake when the earthquake began,

there was only one series of vibrations, the places where they were situated

being often close to those where the double series was observed. The duration

of the shock is recorded by 13 of these observers, and their estimates give a

mean duration of 2*8 seconds. As the average duration of the shock (according

to 59 observers who were awake) was 4"7 seconds, it is therefore probable that

these observers noticed only the second and more powerful series of vibrations.
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The character of the sound is described by 394 observers ; 39 per

cent, of these compared it to passing waggons, traction-engines,

etc., 25 per cent, to thunder, 14 to wind, 8 to loads of stones falling,

3 to the fall of heavy bodies, 4 to explosions or the firing of heavy

guns, and 7 per cent, to miscellaneous sounds. 1

There are the usual anomalies in the audibility and character of

the sound, depending on the varying powers of the observers for

hearing low sounds. This is especially noticeable in the case of the

heavy crashes heard by some observers at the moment when the

shock was strongest.

The variation in the sound throughout the sound-area was also

normal. Its intensity gradually diminished outward from the

epicentre, and most rapidly near the isoseismal 7, which bounds
approximately the district in which the sound was very loud from
that in which it was distinctly fainter. With one exception, the

same curve includes all places at which the explosive crashes were
heard with the strongest vibrations. Again, 34 per cent, of the

observers within this line, and 44 per cent, of those outside it,

compared the sound to passing vehicles, traction-engines, etc. ; for

thunder, the corresponding percentages are 34 and 18, for wind 8
and 19, for loads of stones falling 11 and 6, the fall of heavy bodies

2 and 4, explosions 7 and 3, and for miscellaneous sounds 5 and 5.

Thus, with increasing distance from the centre, the sound became
more uniform in character and intensity.

Time-relations of the sound and shock.—In the follow-

ing table, the letters p, c, and / indicate the number of records

per cent, in which any epoch of the sound preceded, coincided with,

or followed, the corresponding epoch of the shock. In the last line,

I have added the average percentages for three strong earthquakes :

namely, the Pembroke earthquakes of 1892 and 1893, and the
Hereford earthquake of 1896.

County.

Inverness

Eoss
Nairn & Elgin
Banff
Aberdeen
Other counties

Whole sound-area
Average for strong shocks

Epoch of
Beginning. Maximum End.

Intensity.

P !

c / P c / V c /

5680 16 4 27 64 9 14 30
75 12 12 25 62 12 9 41 50
73 15 12 20 70 10 36 28 36
64 9 27 100 33 25 42
19 67 14 100 60 40
80 15 5 25 75 13 12 75
72 20 8 20 73 7 15 34 52
78 14 8 25 67 8 20 23 57

1 During the night of the earthquake, there was a strong wind in many parts
of Scotland, which, however, generally subsided before the shock took place.
Some of the observers may have mistaken a short gust for the earthquake-sound

;

but more than 60 per cent, of those who refer to this type record the time-
relations of the sound and shock in such a manner as to leave no doubt on the
subject.
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Thus, as a general rule, the beginning of the sound preceded that

of the shock, their epochs of maximum intensity coincided, while

the end of the sound followed that of the shock. The most striking

exception occurs in the case of Aberdeenshire, where, in the majority

of cases, the three epochs coincided one with the other. This result

is important in its bearing on the origin of the sound-vibrations,

for most of the observations come from the south of the county, and
the line joining this district to the epicentre is nearly perpendicular

to the line of fault. Now, if the general precedence of the sound
with respect to the shock were due to its superior velocity, the

percentage of records in which the beginning of the sound preceded

that of the shock would vary only with the distance, and not with
the direction, from the origin. If, however, the sound-vibrations

were to start simultaneously, or nearly so, from all parts of the focus,

but especially from its marginal regions, then the three epochs of the

sound and shock would coincide approximately at places near a line

at right angles to the earthquake-fault. We may infer from the

observed coincidence, and also from the fact that the sound generally

followed the shock at distant stations, that the vibrations of every

amplitude and period travelled outward with the same, or very

nearly the same, velocity.

The time-relations of both terminal epochs are recorded by 180
observers, and from these we obtain the following table, in which
are given the percentages of cases wherein the duration of the sound

was greater than, equal to, or less than, that of the shock. The last

line contains the corresponding average figures for the Pembroke
earthquakes of 1892 and 1893, and the Hereford earthquake of

1896.

County. Greater.
|

Equal. Less. Doubtful.

Inverness 75

67

6

60

57

10 i 1

11 8

75

14 3

18 5

14

14

19

23

20

Ross

Aberdeen

Whole sound-area

Average for strong shocks .

Omitting doubtful records, we find that, in 78 per cent, of the

cases, the duration of the sound was greater than, in 18 equal to,

and in 4 per cent, less than, that of the shock. It is possible that

the movements which produced the sound-vibrations lasted a longer

time than those which produced the shock. But the more probable

explanation is, that the area from which the sound-vibrations

proceeded*was larger than that whence the more prominent vibra-

tions came, and extended beyond it at both ends ; in other words,

that the sounds heard before and after the shock came from the

lateral margins of the focus.
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V. After-Shocks.

In the following catalogue are supplied records of 46 shocks and

10 earth-sounds. Of these, 16 shocks and 1 earth-sound were

noticed by several or many observers ; the remainder depend on the

evidence of one person alone. The list, however, is obviously far

from being complete. Thus, on September 18th, between the two

prominent after-shocks at 3.56 and 9 a.m., there is only one record

given below ; but Mr. D. Munro informs me that he felt 18 slight

shocks at Dochgarroch within the same interval. Several shocks

were also felt at Dores, and many earth-sounds were heard at

Bunchrew, besides those contained in the register ; while one

observer at Lochend (Aldourie) estimates the total number of

shocks up to October 23rd at about 70.

c. September 18th, about 1.35 a.m.

Intensity, about 4 ; epicentre, lat. 57° 24'9' N., long. 4° 16*8' W. Number
of records 7, from 7 places (PI. XII).

The boundary of the disturbed area is uncertain towards the

west. It is probably, however, nearly circular in form, as repre-

sented in PI. XII, being 10-1- or 11 miles in diameter, and containing

about 88 square miles. Its centre is about 1| miles south-east of

Dochgarroch, and 1^- miles on the south-east side of the fault-line.

The shock was very slight, and the sound a low rumble like distant

thunder.

d. September 18th, about 2 a.m.

Number of records 2, from 1 place.

A slight shock, accompanied by a noise like distant thunder, was-

felt at Glenmazeran, near Dalarossie, in the valley of the Findhorn.

e. September 18th, about 2.30 a.m.

Number of records 2, from 2 places.

A slight tremor was felt at Inverness and Abersky, and at the

latter place was accompanied by a noise like that of a passing
vehicle.

/. September 18th, about 3 a.m.

Number of records 2, from 2 places.

A tremor only was observed by the engineer at the Inverness
District Asylum (2 miles west-south-west of Inverness), and a

slight rumbling at Aigas (near Beauly).

g. September 18th, 3.56 a.m.

Intensity, not less than 5 ; centre of isoseismal 5, lat. 57° 25-3' N., long.
4- 15-9' W. Number of records 90, from 43 places ; also 6 doubtful records
from 5 other places (Pi. XII).

This was clearly the strongest of the whole series of after-shocks,
though it exceeded but slightly the shock felt twelve days later
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(September 30th). The records are comparatively numerous, but

many amount to little more than a statement that the shock was
felt ; and it is impossible to draw the isoseismal lines with any
approach to accuracy. On the map (PL XII) the isoseismal 5 alone

is shown, and even the course of this must be regarded as doubtful.

Its length, as drawn, is 38 miles, width 25 miles, and the contained

area about 750 square miles. The centre is situated 2 miles east-

south-east of Dochgarroch, and 1*7 miles on the south-east side of

the fault, and the longer axis is roughly parallel to the fault-line.

Outside this isoseismal, the shock was felt at Little Scatwell,

lielugas, Dunphail, and Grantown, which are respectively 18, 24,

25^ and 26 miles from the centre of the isoseismal 5. There are

also records of its occurrence at Deskford, Ordiquhill, and Banff,

places near to one another, and respectively 57, 59, and 67 miles

from the centre ; and at Comrie and Crieff, distant 73 and 76 miles.

The absence of observations at intermediate localities makes these

records somewhat doubtful, but there is nothing impossible in an

after-shock of this intensity being felt so far from the epicentre.

The shock consisted of two or three distinct oscillations, the

average of seven estimates of its duration being 2-1 seconds. At
Dochgarroch and Inverness, and in the immediate neighbourhood,

these vibrations seemed to be nearly vertical.

The sound was certainly heard by 62 per cent, of the observers.

It was compared to passing waggons, etc. by 14 per cent, of those

who described it, to thunder by 43 per cent., wind by 14, the fall

of a heavy body by 7, explosions by 14, and to miscellaneous sounds

by 7 per cent. The beginning of the sound preceded that of the

shock in 62 per cent, of the records, coincided with it in 25, and
followed it in 12 per cent. The end of the sound coincided with
that of the shock in 17 per cent., and followed it in 83 per cent., of

the records. The duration of the sound was generally greater, and
never less, than that of the shock.

The direction of the longer axis of the curve and the position of

the centre favour the connection of this earthquake with the

boundary-fault. Moreover, the sound was heard at two places

—

Garve and Little Scatwell—on the north-west side of the iso-

seismal 5, and respectively distant 7 and 6 miles from it. As the

sound-vibrations from the upper margin of the focus would be more
readily heard than those from the lower margin, this fact confirms

the inference that the hade of the earthquake-fault must be to the

south-east.

September 18th, about 6.25 a.m. : Inverness.—A noise was heard,

but much slighter than that which accompanied the shock at

3.56 a.m.

h. September 18th, 9 a.m.

Intensity, 5 ; epicentre, lat. 57° 27"0' N., long. 4° 154' W. Number of

records 26, from 18 places (PI. XII).

The disturbed area of this shock is elliptical in form, and is
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25 miles long, 12^ miles wide, and 250 square miles in area.

Its loDger axis runs N. 36° E., and S. 36° W., and the centre is

situated 2 miles east-north-east of Dochgarroch, and 1 mile to the

south-east of the fault.

The shock consisted of a single series of vibrations, and was
accompanied by a sound which is variously described as resembling

a passing vehicle, thunder, or the discharge of cannon.

September 18th, 12 (noon) : Inverness District Asylum.—A mere
tremor, but strong enough to knock down some loose plaster which
was lying on the joists of buildings.

September 18th, about 11.25 p.m.: Inverness.— A low, but

distinct, rumble.

September 20th, 4 p.m. : Dores.—A slight shock.

September 21st, 10.45 a.m. : Holm (near Lentran).—A shock,

direction west to east, accompanied by a noise like the discharge of

cannon.

September 21st, 11.20 a.m.: Holm.—The same.

September 21st, 3.15 p.m. : Holm.—The same.

i. September 23rd, about 7.30 a.m.

Number of records 4, from 4 places.

The only records of this earthquake come from Dores, Holm, the

Inverness District Asylum, and Kirkhill. The shock was very

slight, of intensity probably less than 4. At Dores the sound
resembled the rumbling of a coach, and at Holm the discharge of

cannon. The epicentre lay probably in the neighbourhood of

Dochgarroch.

September 22nd, 9 a.m. : Teanassie (near Beauly).—A shock felt

and rumbling noise heard, the latter being the more noticeable.

September 24th, 5.15 a.m. : Holm.—A shock, the direction of

which was from west to east, accompanied by a sound like the

discharge of cannon.

September 24th, 7.10 a.m. : Holm.—The same.

September 24th, 4.20 p.m. : Holm.—The same.
September 26th, 8.8 a.m. : Holm.—The same.

September 26th, 9.25 a.m. : Holm.—The same.

j. September 26th, 11.40 a.m.

Intensity, 4. Number of records 3, from 3 places.

The shock was felt at Dores and Holm. At Drumalan (near

Drumnadrochit) there was no tremor, and the sound was like that

of a train gradually approaching, passing, and receding from the

house.

September 26th, 9.39 p.m. : Holm.—A shock, of intensity less

than 4, accompanied by a sound like that of distant cannon.
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k. September 27th, 1.47 p.m.

Intensity, 5. Number of records 2, from 2 places.

The intensity of this shock was 5 at Holm, and probably 4 at

Aigas (6 miles south-west of Beauly). The sound was heard at

both places, and at Holm resembled that of distant cannon. Con-
sidering the intensity of the shock, it is remarkable that no more
records are forthcoming ; but there is no reason to doubt its

genuineness.

I. September 28th, about 4 a.m.

Intensity, 5. Number of records 2, from 1 place.

A slight shock noticed in Inverness. There is no record of any
sound.

September 28th, 11.50 a.m. : Glen Urquhart.—The exact position

of the place of observation is uncertain, but it is probably near

Loch Ness. Both shock and sound were extremely slight, the

intensity of the former being less than 4.

September 28th, 1.40 p.m. : Loch Ness.—The observer of the

preceding shock was in a boat on Loch Ness at 1.40 p.m. The boat

moved distinctly, and a slight tremor was felt.

September 29th, about 4.30 a.m. : Inverness.—A slight shock,

accompanied by a faint sound like distant thunder.

m* September 29th, 9.6 p.m.

Intensity, 4 ; epicentre, lat. 57° 26*1' N., long. 4° 17-0' W. Number of

records (5, from 5 places (PI. XII).

The places where this earthquake was observed lie within an
area which is probably circular in form, about 8\ miles in diameter,,

and including about 57 square miles. The centre is nearly 1 mile

east of Dochgarroch and three-fifths of a mile south-east of the fault.

(At 9.10 p.m. a sound, as of a carriage passing, with scarcely

any accompanying tremor, was heard at Bridgend, 3 miles from

Dalarossie and about 13 miles from the epicentre.) The shock

was slight, and the sound faint and of brief duration, leading,

in conjunction with the approximate circularity of the disturbed

area, to the inference that the focus was very small.

September 29th, 11 p.m. : Aigas.—A rumbling sound heard.

September 29th-30th : Drumalan (Drumnadrochit).—During the

night, two slight shocks were felt before the shock of September 30th,

3.39 a.m., by observers who were awake. One of these may be

identical with the sound heard at Aigas at 11 p.m. on September 29th.

n> September 30th
;
3.39 a.m.

Intensity, 7; epicentre, lat. 57° 24*5' N., long. 4° 19*3' W. Number of

records 54, from 33 places (PI. XII).

On the map (PI. XII) are shown the isoseismal o, part of the
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isoseismal 6, and the isoseismal 7 approximately. Outside the

isoseismal 5, records of the shock are scanty ; but the intensity

was 4 as far as Lochluichart, which is 22 miles north-west of the

epicentre and 13 miles from the isoseismal 5. A shock was also

reported at about 4 a.m. from Crathes (Kincardineshire) ; but,

as that locality is 74 miles from the epicentre, the connection

between this disturbance and the earthquake under consideration

is doubtful.

The isoseismal 7, which is only roughly drawn, is 5 miles long,

2\ miles wide, and contains about 10 square miles. Its centre is

2 miles south-by-west from Dochgarroch, and half a mile on the

south-east side of the fault. The isoseismal 5 is 33 miles long,

23 miles wide, and 595 square miles in area : its longer axis

running N. 34° E. and S. 34° W. The distance between the iso-

seismals 7 and 5 is 8 miles on the north-west, and 12^ miles on

the south-east side. The originating fault must therefore run
X. 34° E. and S. 34° W., and must hade to the south-east. The
closeness of the epicentre to the line of fault shows that the depth

of the seismic focus must have been very small ; and the rapid

decrease in the intensity of the vibrations as they radiated outward
points to the same conclusion.

The shock, the mean duration of which was 3 seconds, differed in

one respect from those that preceded it. The movement at Inchmore
(Kirkhill) was distinctly more lateral, more undulating or swinging,

than in the others. At Inverness one observer remarks that the

movement was horizontal, as distinguished from the vertical or
4 choppy-sea ' motion of the principal shock.

The sound was heard by at least 80 per cent, of the observers.

It was compared to passing waggons etc. in 25 per cent, of the

records, to thunder in 50 per cent., wind in 4, loads of stones falling

in 4, explosions in 8, and miscellaneous sounds in 8 per cent. The
beginning of the sound preceded that of the shock in 61 per cent,

and coincided with it in 39 per cent, of the records ; while the end
of the sound preceded that of the shock in 16 per cent, of the
records, coincided with it in 28, and followed it in 56 per cent.

The duration of the sound was greater than that of the shock in

64 per cent, of those records in which the time-relations of both
terminal epochs are given, was equal to it in 18 per cent., while in

the remaining 18 per cent, the relative duration of the sound and
shock is doubtful.

September 30th, about 4.10 a.m. : Aldourie.—A slight shock.

o. October 1st, about 4.35 a.m.

Intensity, 5. Number of records 2, from 2 places.

A shock, preceded, accompanied, and followed by a sound like

thunder, was felt at Dalarossie and Coignafuinternach.

October 1st, about 3 p.m.: Dalarossie.— A faint sound, like

distant thunder, was heard, without any shock.

Q. J. G. S. No. 231. 2e
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October 1st, 5.6 p.m. : Holm.—A shock of intensity less than 4,

accompanied by a sound as of distant thunder.

October 2nd, 2.7 p.m. : Holm.—The same.

p. October 6th, 4.24 a.m.

Intensity, 5. Number of records 2, from 2 places.

At Dochgarroch two vibrations were felt (intensity 5), without

any sound. The shock was also felt at Holm. It is probable that

the epicentre was not far from Dochgarroch, and that the depth of

the focus was small.

October 9th, 7.40 p.m. : Dalarossie.—A shock (intensity probably

5), preceded, accompanied, and followed by a sound like that of a

light carriage passing.

October 12th, 8.40 a.m. : Dochgarroch.—A single vibration (in-

tensity 5), accompanied by a rumbling sound.

October 12th, 12.56 p.m. : Holm.—A slight shock.

October 12th, about 4 p.m. : Inverness.—A shock, as if a heavy

bodv fell against the house and was then dragged along the side

of it.

October 13th, 12.30 p.m. : Dalarossie.—A slight sound, without

any tremor.

q. October 13th, 4.24 p.m.

Intensity, probably 4; epicentre, lat. 57° 26*1
' N., long. 4° 18-0' W.

Number of records 7, from 5 places (PI. XII).

The records are too few to determine the boundary of the

disturbed area : but it is clearly elliptical in form, with its axis

approximately parallel to those of the isoseismal lines of previous

shocks. The length of the curve, as drawn (PI. XII), is 8 miles, the

width 5-?; miles, and the area contained by it about 35 square miles.

The centre is about a quarter of a mile south-east of Dochgarroch,

and a tenth of a mile from the fault-line. The shock consisted of

two or three vibrations, and was accompanied by a loud report,

compared by an observer near Dochgarroch to a shot from a gun,

followed by a sound as of the ball passing through the air. At
Muirtown, which is near Inverness and close to the line of fault,

the sound resembled that of a heavy vehicle approaching. The
focus was about 2 miles in length, and lay at a very small depth.

October 13th, about 5.30 p.m. : Holm.—A very distinct shock.

October 14th, 1 a.m. : Inverness.—A shake, preceded by a sound

like the soughing of the wind through trees.

October 14th, 5 p.m. : Dochgarroch Locks.—A shock (intensity

less than 4), accompanied by a sound like that of a heavily-loaded

lorry running on a country-road.

October 22nd, 5.30 a.m. : Drumnadrochit.—A distinct tremor.
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r. October 22nd, about 10.15 a.m.

Number of records 2, from 2 places.

The only records of this earthquake come from Aldourie and
Druranadrochit. At Aldourie, eight or nine sounds were heard

between 9.45 a.m. and noon. The sound here at about 10.15 a.m.

was very distinct, and resembled the roar of a furnace when the door

is open, or of an underground train ; it lasted 2 or 3 seconds, and
seemed to travel eastward. No distinct shock was felt, but there was
evidently a ve^ weak tremor. At Drumnadrochit only a sound

was heard, like distant thunder, growing louder and dying away.
The focus lay probably beneath Loch Ness.

October 22nd, 12.55 p.m. : Drumnadrochit. — A sound, like

distant thunder, without any accompanying tremor.

October 22nd, 8.20 p.m. : Bunchrew.—A slight tremor, accom-

panied by a rumbling sound.

October 22nd, 8.25 p.m. : Bunchrew.—A rumbling sound.

November 5th, 12.12 a.m. : Dalarossie.—A rumbling sound, like

thunder, not loud, lasting about 4 or 5 seconds, without any

sensible shock.

s. November 15th, about noon.,

An underground rumbling sound was heard by several persons at

Dochgarroch.

November 15th : near the end of Loch Ness.—An underground
rumbling sound was heard during the night.

November 21st : Dochgarroch.—A slight vibration and rumbling-

sound were observed during the night.

Sound-Phenomena o£ the After-Shocks.

ACany accounts of the after-shocks are little more than mere
records of their occurrence. If we exclude these, the percentage

of audibility of all the after-shocks is 77. That of the shock of

September 18th, 3.56 a.m., is 62 ; and of the shock of Sept-

ember 30th, 80. Omitting these shocks, the percentage is 85,

showing that the sound, though much fainter than that which
accompanied the principal earthquake, was nevertheless a com-
paratively important feature.

Taking all the after-shocks together, the comparisons of the

sound to passing waggons, etc., occur in 26 per cent, of the records,

to thunder in 43, wind in 7, loads of stones falling in 2, the fall

of a heavy body in 2, explosions, etc., in 17, and miscellaneous

sounds in 3 per cent. Omitting the two strongest after-shocks on
September 18th and 30th, the corresponding figures are : passing

waggons, etc. 33, thunder 33, wind 5, and explosions 28. These
are about the proportions met with in slight earthquakes, and
indicate that, as a rule, the foci of the after-shocks were of small
linear dimensions.

2e2
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VI. Okjgin oe the Eaethqtjakes.

In the absence of a definite fault-scarp, 1
it would be difficult to

obtain clearer evidence than that given above of the connection
between several of the Inverness earthquakes and the °Teat

boundary-fault. The
Centres of the epicentral areas of the

Inverness earthquakes.
180-

Scale ofMiles

Dores

a = Fore-shock a (p. 379).

B = Principal earthquake (p. 379).

c = After-shock c (p. 385).

g = After-shock g (p. 385).

h = After-shock h (p. 386).

111 == After-shock m (p. 388).

u = After-shock n (p. 388).

q = After-shock q (p. 390).

axes of the
seismal lines are
parallel to the mean
direction of the fault;

the epicentres, or the
centres of the inner
isoseismals (see text-
figure) lie a short
distance to the
south - east of the
fault, that is, on the
side to which the
fault hades ; and
most of them lie

within a band which
is nearly parallel to

the fault-line and
the centre of which
is less than a mile
south-east of Doch-
garroch.

The dots in the
figure mark only the
centres of the epi-
central areas. In
many earthquakes,
the focus was no
doubt small (possibly

less than a mile in
length); but in the
principal earthquake
and in the after-

shocks of September
18th, 3.56 and 9 a.m.,

and September 30th,
3.39 a.m. (denoted
by the letters g, h,

and n\ its length
must have amounted
to several miles.

1 The absence of a fault-scarp is sometimes felt as an objection to the fault-

slip theory ; but, when the slip within the focal area is small (perhaps, in this

case, only a fraction of an inch), it would die out before reaching the surface.
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Earthquakes of 1890.—The last strong earthquake in the

Inverness district occurred on November 15th, 1890. 1
It seems to

have b,een preceded by several slight earth-sounds, and was

followed by not less than ten after-shocks, the series ending on

December 14th. The epicentre of the principal earthquake was
situated in lat. 57° 25-0' N., long. 4° 10'8' W., or ty miles

S. 21° E. of Inverness, and 4^ miles from the fault-line. As
the longer axes of the isoseismal lines ran from N. 48° E. to

S. 48° W., it seemed to me probable that this shock was caused

by a slip along a fault passing through a point about 1 mile

south-east of Daviot, inclined at an angle of 13° to the boundary-

fault, and hading to the north-west. I have re-examined the

evidence on which this conclusion was founded ; and, though I

am unable to interpret it otherwise, I think it possible that a larger

series of records might have led to a different result.

The epicentre of this earthquake lies outside the area represented

in the map on p. 392 ; but a line drawn through it at right angles

to the fault-line would pass very nearly through the centre of the

principal earthquake of 1901. The small crosses ( x ) mark the epi-

centres of two of the after-shocks in 1890, those of November 15th,

6.15 p.m., and December 14th, 3.30 a.m. : the latter being quite close

to the epicentres of two after-shocks (m and q) of the recent series.
2

If the principal earthquake were due to a slip along the boundary-

fault, there is thus an evident displacement of the focus in

subsequent shocks towards the south-west.

Eore-shocks of 1901.—Between December 14th, 1890, and

the summer of 1901, no earthquakes, so far as I am aware, were felt

in the Inverness district. The stresses tending to produce slipping

were clearly increasing along the whole portion of the fault between
Loch Ness and the sea. Here .and there, however, were certain

small areas of the fault-surface in which the resistance to slipping

was greater than elsewhere ; and this resistance had to be overcome

before any general movement could take place. One of these areas

was situated about half a mile north-east of the end of Loch Ness,

and the slip here gave rise to the first shock which attracted

general observation. Two others, if we may rely on solitary

records, existed farther to the north-east, where the resistance

gave way within three hours of the occurrence of the principal

shock.

Principal earthquake of 1901.—The removal of these

small obstructions helped to equalize the effective stress along

several miles of the fault ; so that the next displacement, which
resulted in the principal shock, took place over a region extending

1 Quart. Journ. Geol. Soc. vol. xlvii (1891) pp. 618-32.
2 The epicentre of another shock of the 1890 series (November 16th

s

8!30p.m.) lies about half a mile west of Dochgarroch. This point is on
the north-west side of the fault, and may be incorrectly determined owing to
the scantiness of the evidence.
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nearly from Loch Ness to Inverness. There were two distinct

slips in rapid succession, with continuous slight motion between
them, the second being greater in amount and extending over

an area which probably overlapped, even if it did not entirely

include, that within which the first took place.

After -shocks of 1901.—The immediate result of this dis-

placement was a change of stress over a great extent of the

fault-surface—a decrease, for the most part, near the centre of

the principal focus, and an increase within and near its marginal
regions. In places, the augmented stress produced secondary

slips, each of which resulted in further changes of stress, and as

a rule in decreasing slips, until the stresses were everywhere
reduced below the maximum resistance capable of being offered

to movement.
The sequence of events is rendered clearer if, for the present, we

disregard the very small slips (some of which may have been due

to merely local variations of stress), and confine our attention to

the six chief after-slips, three of which were of much greater

importance than the rest, and affected several miles of the fault-

surface.

An interval of only 10 minutes separated the principal earthquake

and its first successor. This was caused by a small slip (c, p. 385)
near the south-western margin of the principal focus. After

2± hours, the chief after-slip (</, p. 385) occurred ; its centre

migrated about half a mile to the north-east, but, as the focus

was several miles in length, its south-western margin extended

some distance beyond that of the principal focus. The seat of

action was then transferred to the other side of that focus, a long

slip (7i, p. 386) taking place after the lapse of about 5 hours
;

its centre was approximately half a mile north-east of the principal

centre, and its focus probably extended a little beyond the north-

eastern margin of the principal focus. During the next 11^ days

there were no important movements ; but at the end of that time

a small slip (m, p. 388) occurred about 1 mile to the south-west

of the principal centre, and close to Dochgarroch. This was followed,

in 6^ hours, by the third long after-slip (n, p. 388), the centre of

which lay to the south-west of the principal focus, and the slip itself

must have extended 2 or 3 miles beneath Loch Ness. Again, after

a further lapse of 13^ days, there was a slip (q, p. 390), about 2 miles

long, in the immediate neighbourhood of Dochgarroch.

Thus, of the six chief after-shocks, one originated within the

region of the fault lying to the north-east of the principal centre,

and the rest within that to the south-west.

There remain eleven after-shocks recorded by more than one

observer. Two of these had no connection with the boundary-fault;

the epicentres of four are undetermined ; of the others, the focus of

one lay to the north-east, and the foci of four to the south-west,

of the principal centre.

Purther light is thrown on the nature of the fault-movements



Vol. 58.] INVERNESS EARTHQUAKE OF SEPTEMBER 1901. 395

by the numerous tremors and earth-sounds recorded by single

observers l
; for, in such slight disturbances, the epicentres must

have been close to the places of observation. The numbers recorded

in different districts near the boundary-fault are as follows :

—

Inverness and Bunchrew 8
Dochgarroch and Holm 16
Dores, Aldourie, etc 3
Drumnadrochit, etc 6

Thus, 8 probably originated on the north-east side of the principal

centre, and 25 on the south-west side.

To sum up. The great slip, which caused the principal shock,

reached nearly from Loch Ness to Inverness, and was greatest at a

point about halfway between. The three chief after-slips resulted

in an extension of this area of principal displacement in both

directions along the fault-surface, the extension towards the north-

east being small (probably less than half a mile), while that towards

the south-west amounted to 6 miles or more. The smaller after-

slips (some of them mere creeps) were most numerous in three

regions—one lying about a mile south-west of the principal centre,

the others near Inverness and Drumnadrochit, which lie near the

extremities of the displaced area of the fault, while in the inter-

mediate regions they were apparently less frequent.

In addition to the migration of the focus in the direction of the

fault, there was also, in the six principal after-shocks, a continuous

decrease in the depth of the focus, for the distances of the epi-

centres of these shocks from the fault-line are respectively 1*5,

1-7,2 1-0, 0-6, 0-5, and 0*1 mile.
3

Sympathetic earthquakes.—In the list of after-shocks,

there are records of six shocks or earth-sounds observed only in

the valley of the Findhorn, which lies 13 or 14 miles to the south-

east of the boundary-fault. The times at which they occurred are :

September 18th, about 2 a.m.; October 1st, about 4.35 a.m. and
3 p.m. ; October 9th, 7.40 p.m. ; October 13th, 12.30 p.m. ; and
November 5th, 12.12 a.m. : the first two shocks being recorded by
more than one observer. As one of these shocks was of intensity 5,

1 It should be remembered that some of these may not have been of seismic

origin.
2 In this case (g) the distance refers to the centre of the isoseismal 5, which

would be somewhat farther to the south-east than the true epicentre.
3 It is interesting to notice that similar laws governed the distribution of the

after-3hocks of the great Japanese earthquake of 1891. In that case, the area

of displacement was 70 miles or more in length, and the after-slips affected for

the most part a nearly central region (in which they were exceedingly numerous),
and two more or less isolated districts near or surrounding the extremities of

the fault. After the lapse of some months, the latter districts became prac-

tically inactive, and there was a gradual but oscillating withdrawal of the

after-slips to a more or less central district ; while, at the same time, the depth
at which the slips occurred continually diminished. See Quart. Journ. Geol.

Soc. vol. liii (1897) pp. 1-15 & Geogr. Journ. vol. xvii (1901) pp. 635-55.
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and another not much, if at all, weaker, it is clear that, if they had
been due to slips along the boundary-fault, they could not have
escaped notice by one or more of the watchful observers at Doch-
garroch, Dores, Drumnadrochit, Holm, and Inverness. They must
therefore have been of local origin. Mr. S. Archibald, to whose
careful observations and enquiries we are indebted for the know-
ledge of these after-shocks, informs me that he has on several

previous occasions heard mysterious rumbling noises at Dalarossie
;,

but the occurrence of the recent shocks and sounds in such close

succession to the principal Inverness earthquake shows, I think,,

that the great slip on September 18th was responsible for the

precipitation of the movements in the Findhorn Valley.1

Conclusion.—The region which lies between Loch Ness and
the sea appears to be in a stage of more rapid development than any
other in the British Islands. In all probability, the earthquakes of

1816, 1888, and 1890 originated within it, as well as many of

the minor shocks that followed them. That the earthquake

of August 13th, 1816, was the strongest of the series is evident

from the damage which it caused to buildings in Inverness and from

the large area that it disturbed. Its series of after-shocks, of which
no doubt only the more important were recorded, lasted until

November 10th, 1818; and it is worthy of notice that, so far as

we can judge from the scanty materials that have come down to us,

the foci of some of these after-shocks lay beneath the north-eastern

end of Loch Ness. The earthquake of February 2nd, 1888, was
probably also attended by a train of after-shocks ; but no accounts

of them seem to have been published. After the earthquake

of November 15th, 1890, the foci of the minor shocks showed

a tendency, though with some oscillations, to recede in a south-

westerly direction towards Loch Ness ; while in 1901 this tendency,

as we have seen, was revealed in a very striking manner.

The earthquakes provide no evidence with regard to the direction

of the displacement along the boundary-fault ; they do not tell us

whether the rock on the south-east side of the fault was elevated

or depressed with reference to that on the north-west side. There

can be little doubt, however, that Loch Ness is still growing ; but,

without instrumental observations continued for many years, it can

hardly be decided whether the lake is now contracting in area,

or whether it is gradually, though very slowly, pushing its way
outward to the sea.

1 The shock and sounds observed at Teanassie on September 22nd, and

Aigas on September 29th, may have had a similar origin. These places are

both 8 miles to the north-west of the boundary-fault.

Immediately after the Japanese earthquake of 1891, there was a great and
sudden increase of seismic activity in two detached regions, one 45 miles north-

east, and the other 55 miles south-west of the meizoseismal area. See Geoh
Mag. 1897, pp. 23-27 & Geogr. Journ. vol. xvii (1901) p. 653.
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EXPLANATION OF PLATES XI & XII.

Plate XL
Map showing the isoseismals 4, 5, 6, 7, & 8 of the principal Inverness

earthquake, on the scale of 30 miles to the inch.

Plate XII.

Map illustrating the area affected by the accessory shocks of the Inverness

earthquake, on the scale of 6 miles to the inch.

Discussion (on the two foregoing papers).

Prof. Judd said that everyone must be struck by the conjunction

of two earthquakes with such dissimilar features. The move-
ment in Cumberland was probably not of long continuance nor

originating from a very old disturbance ; moreover, it seemed to

take place along a fault of which there was no evidence at the

surface. In the Loch-Ness district, however, the fault-line was
plainly apparent at the surface, and there was evidence that the

recent disturbance was the continuation of movements that have

been going on for ages. He expressed his gratitude to the Author
for the care that he had taken in bringing the facts together.

The Rev. Edwin Hill expressed admiration of the Author's work.

Referring to the Carlisle paper, he asked whether the words ' in the

surface-rocks there is no sign ' of such a fault, meant that these

rocks were not faulted. If so, did this imply that stress had been
accumulating through geological periods, or that a cause of stress

had after such periods been renewed ? The latter was easier to

imagine. He had heard that a recent earthquake in New Zealand

had been followed by frequent movements through many weeks,

and expressed a hope that there had been some worker on the spot

as enthusiastic as the Author.

Mr. Gibson cited instances from North Staffordshire and Notting-

hamshire of great faults affecting the Coal-Measures, now buried

beneath the undisturbed Trias. Such faults might be revealed by
earthquakes.

The President referred to the great geological importance of the

Author's researches into the phenomena and distribution of British

earthquakes in general ; and pointed out how greatly he had
enlarged our previous ideas as to their frequency in what we
very naturally regard as a comparatively stable region. The
painstaking manner in which he collected his materials, and the

cautious way in which he drew his conclusions, inspired one with
confidence in his results. He was especially to be congratulated

on the advance that he had made in our knowledge of the

subject as a whole, by his demonstration that most, if not all,

the British earthquakes are due to slipping movements along fault-

planes ; by the discovery of twin earthquakes, and of the fact that

the trends of the various earthquake-sliplines are more or less

coincident with the four recognizable trends of crust-folding in the
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country. The Carlisle earthquake appeared exceptional, at first

sight, in the fact that the direction of the presumed deep-seated

fault-line ran almost meridionally, or from north to south, instead

of diagonally, or from north-east to south-west, which is the strike

of the deep-seated rocks of the Lake District. But it behoved us to

remember that this meridional or Malvernian trend is practically

that of the neighbouring Pennine Chain as a whole, and of the

typical portion of its great Craven Fault.

In regard to the Inverness earthquakes, it was most significant

to notice that where, as in this case, the fault-plane is of very great

length, the earthquake-movement is of proportionate magnitude.

While the oscillation-earthquakes along the fault-line itself might

be due to the gradual and intermittent adjustment of the parts upon
the opposite walls of the fault-fissure, it was not unlikely that the

sympathetic earthquakes of the Findhorn, etc. might be owing to

those broader areas of the earth-crust which extend for many miles

from the fault-plane also slowly settling down into equilibrium

with the new conditions of crust-strain brought about by the main
earthquake. As respects the view that Loch Ness was still growing,

the Author's idea seemed to be in harmony with the speaker's own
suggestion made many years since, that the Loch-Ness depression

in general is an 'intermont valley' the sides of which are gradually

approximating because of crust-creep. If so, the lake is deepening,

but not necessarily increasing proportionately in length.
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I. Introduction.

In 1860 Baron Ferdinand von Richthofen l recorded the occurrence

of limestones in Ceylon. He observed the intimate associations of

' gneiss ' and granular limestone, and the transitions between the

two.

Mr. A. C. Dixon 2 has given a short account of the beds of

limestone as follows :—The
' beds run through the gneiss in a somewhat parallel direction, striking

generally north-west by north to north, and having various angles of dip,

from 10° to 40°.'

He refers to five bands.

' The first is one which outcrops a few miles this side of Balangoda, and runs
north-north-west, occurring again at Huuuwala. The second runs through
Dolosbage and Maskeliya

;
probably the bed occurring at Bilhul Oya is con-

tinuous with this. The third outcrops under the Great Western [Mountain]
on the Great Western Estate, and is continuous to the north -north-west with
the Wattegoda and Medakumbura dolomites, and probably also with the beds
at Gampola and Kurunegala. A subsidiary bed—or it may be an outlier of
this—occurs near the Pussellawa rest-house. The fourth bed outcrops largely

at Wilson's Bungalow, Glen Devon, Dumbara, and Matale. The fifth occurs
in the Badulla District.' (Op. cit. pp. 42-43.)

I may say that the identity of these bands over such considerable

distances requires confirmation.

Under the name of cipolin, Prof. A. Lacroix 3 has described

some specimens of crystalline limestone from Ceylon, which form
part of the De Bournon collection belonging to the College de France
and that of Leschenault de la Tour in the Museum d'Histoire

Naturelle, Paris. The specimens were chiefly collected 7 leagues
east of Kandy among acid gneisses. The minerals calcite, dolomite,

blue apatite, phlogopite, spinel, pyrrhotine, and chondrodite were

1 'Bemerkungen liber Ceylon' Zeitschr. Deutsch. Geol. Gesellsch. vol. xii

(1860) p. 523.
2 Journ. Boy. Asiat. Soc. Ceylon Branch, vol. vi (1880) p. 39.
3

' Contributions a l'Etude des Gneiss a Pyroxene et des Roches a Wernerite,'
Bull. Soc. franc. Mineral, vol. xii (1889) pp. 336-44.
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noted. Other cipolins from Cornegal (Kurunegala) were examined,
and consisted largely of yellow calcite. They contained elliptical

masses, reaching a foot in length, made up of a mixture of various

minerals. One such was formed of calcite, oligoclase, green

pyroxene, pyrite, quartz, and sphene : another of green amphibole,

calcite, seapolite, sphene, oligoclase, pyrite, and zoisite. These
nodules thus present a composition not altogether unlike that of the

pyroxenic gneisses of the same districts.

In 1898 Dr. Max Diersche l examined a specimen of limestone

from 'Queen's Palace' (Anuradhapura?) which Prof. Zirkel had
collected ; he found in it calcite, dolomite, olivine, phlogopite,

and rutile.

In 1900 Dr. E. Ch. SchifFer
2 described in some detail a granular

limestone from Wattegama, from the railway-cutting near the level-

crossing, giving analyses of dolomite, apatite, phlogopite, hydro-

phlogopite, green serpentine (probably derived from forsterite), and
white serpentine, recording also spinel, pyrite, and magnetite.

In the same year the present writer 3 noted the occurrence of

limestones at Hakgala, Kandy, etc., referring especially to large

pyroxenic masses with much blue apatite, occurring in the Hakgala
limestone.

4

Mr. John Parkinson 3 has described a section exposed in a railway-

cutting near Matale, showing crystalline limestone in which occurs

a band of rock resembling pyroxene-granulite which he (I think,

rightly) supposes to be an intrusion in the limestone (see p. 408).

He suggests also that limestone-material has been absorbed by the

igneous rock.

Prof. E. Weinschenk (i

refers to the occurrence of these coarse-

grained dolomites and cipolins, and regards the forsterite, chon-

drodite, phlogopite, and spinel which they contain as contact-

minerals. He associates these rocks with the peculiar andalusite-,

sillimanite-, and corundum-bearing rocks described by Prof. Lacroix,

and considers that they represent beds of unknown age into which the

rocks forming the Granulitic or Charnockite Series were intruded,

producing widespread contact-metamorphism.

Dr. Er. Grunling,7 who collected the specimens of limestone

described by Schiffer, in a general account of the results of his

expedition to Ceylon, suggests that the corundum and spinel found

1
' Beitrag zur Kenntniss der Gesteine u. Graphitvorkommnisse Ceylons *

Jahrb. d. k.-k. Geol. Reichsanst. vol. xlviii (1898) p. 271.
2

' Chemische Untersuchungen eines kornigen Dolomits aus deru Gneiss von
Wattegama in Ceylon ' Inaug.-Diss. Munich, 1900.

3
' Ceylon Eocks & Graphite ' Quart. Journ. Geol. Soc. vol. lvi (1900) p. 600.

4 This is the locality ' near Newara Eliya' referred to by Prof. A. H. Church in

Nature' vol. lxiii (1901) p. 464.
5 * Notes on the Geology of South-Central Ceylon ' Quart. Journ. Geol. Soc.

vol. lvii (1901) pp. 204-206.
G ' Zur Kenntniss der Grapliitlagerstatten : III. Die Graphitlagerstiitten der

Insel Ceylon' Abb. k.-bayerisch. Akad. Wissensch.vol. xxi (1901) pp. 286-90.

See also review in Geol. Mag. 1901, pp. 175-76.
7 ' Ueber die Mineralvorkommen von Ceylon ' Zeitschr. fur Krystallogr.

vol. xxxiii (1900) pp. 233, 235.
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in the river-gravels are derived from the dolomitic limestones ; and,

further, he saw in Colombo a specimen of calcite containing rather

large crystals of zircon. I have never found corundum or zircon in

the limestones, though spinel is very commonly seen in them.

The object of the present paper is to give a somewhat more
complete account than has yet been attempted of the crystalline

limestones and their relation to the (igneous) granulites (Char-

nockite Series) among which they are found. It is based on
observations made in Ceylon in 1901, and refers especially to the

Kandy and Hakgala districts, while limestones from Matale and
farther north are referred to, and also some from Balangoda and
Rakwane.
The crystalline rocks of Ceylon may be classified as follows :

—

(1) Older Gneisses (or thogneisse s). — These have suffered

from earth-movements to a considerable extent, previous to the
introduction of the extensive Granulite or Charnockite Series.

(2) Crystalline Limestones (cipolins of French authors).

—

These occur in bands or beds of very various width, the boundaries

of which are parallel to the foliation (mineral banding) of the granu-
litic igneous rocks with which they are associated.

(3) Charnockite Series or Granulites.—These constitute the
mountain-massif of South-Central Ceylon, and are probably intrusive

in the older gneisses. (Dykes of a rock which may be connected
with the Charnockite Series are clearly intrusive in the older gneiss

at Ambalangoda.) These rocks are specially characterized by mineral
banding and variation in chemical and mineralogical composition.

They are all transitions from pure pyroxene -rocks to pure quartz-

rocks. The limestones are interbanded with these rocks, and almost
inseparably connected with them. The rocks of the Point de Galle
Group must be included in the Charnockite Series, and form a sub-

division thereof. This group includes granulitic rocks, in part largely

composed of pyroxene, wollastonite, and scapolite, and in part
resembling types of rock more usual in Ceylon.

The rocks included in Divisions (2) and (3) have, since their final consolida-

tion, remained almost unaffected by deforming earth-movements.

With regard to terminology, I have adopted the name Char-
nockite Series for the granulitic igneous rocks of Ceylon, on
account of the convenience of employing a definite name for them,
and because they resemble, more than they differ from, the Indian
rocks to which this name has been applied by Mr. T. H. Holland.

So far is this the case, that any considerable series of rock-specimens

from the Nilghiri Hills, the Shevaroy Hills, or from near Madras and
from near Madura, could only with difficulty be distinguished from
such a collection from Ceylon. There are of course varieties forming-

part of this series in India that have not been matched in Ceylon,

and vice versa. I feel, however, that there is some ambiguity in

using the one term Charnockite for the whole series, and also

for a special type of rock very characteristic of the series. Despite
this objection, it seems more important to emphasize the re-

semblances between Ceylon and Indian rocks than to propose a
new term.
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I desire to thank Prof. T. G. Bonney, F.R.S., and Mr. G. T.
Prior, M.A., for occasional assistance and kind advice, and the
latter for his analysis of forsterite. I am indebted to Prof. Miers's
kindness for crystal-measurements which were made by Mr. Graham
at Oxford, and to Mr. Herbert Smith for measurements of clino-

humite. In Oeylon I have to thank Mr. Shand (Rakwane) and
Mr. Holland (Balangoda) for their hospitality ; and also Mr. and
Mrs. Nock, who rendered my stay in the new bungalow at Hakgala
very pleasant. Mr. W. C. Hancock, B.A., has taken an interest

in some of the chemical analyses, which he has made with great
care.

II. General Description of the Limestones.

The crystalline limestones form beds, the boundaries and foliation

of which are parallel to the foliation (mineral banding) of the

neighbouring granulites (fig. 2, p. 406). The outcrops vary in width
from a few feet to more than a quarter of a mile. The most general

strike is from north to north-west, and it is sometimes quite constant

for many miles.

The narrower bands of limestone are occasionally more intimately

interbedded with the granulites than can be shown in the maps
which illustrate this paper. The foliation of the limestone is

marked by variation in coarseness of grain, in structure, and in

mineral composition. Thus there are alternations of bands rich

and poor in accessory minerals. The latter on the whole are more
abundant near the contact with the granulite, but this difference is

not always marked. Bands in which occur parallel intergrowths

of dolomite and calcite may alternate with others in which
ramifying intergrowths are found, or in which there is merely
a granular mixture of carbonates, or dolomite or calcite alone.

Calcite seems to predominate where accessory minerals most abound.

The following accessory minerals are very characteristic: olivine,

diopside, phlogopite, blue apatite, spinel, pyrite, and graphite

;

less common are amphibole, clinohumite, magnetite, scapolite,

sphene, and orthoclase. I have never met with garnet or wollas-

tonite associated with the limestones.

The limestones often
i
contain nodular masses of silicates, recalling

those that occur in the Glenelg Limestone. 1 These knots or nodules

weather out of the limestone, with which they are often connected

by only a small neck, so that they are easily detached. They vary

from less than an inch up to several yards in diameter, and their

constitution is various.
2 Many are white, and consist entirely of

1 C. T. Olough & W. Pollard, ' On Spinel & Forsterite from the Glenelg,

Limestone ' Quart. Journ. Geol. Soc. vol. lv (1899) p. 372.
2 Here only those mineral-aggregates are referred to,, that consist of accessory

minerals characteristic of the limestones. It is not always possible, however,

to draw a sharp line between these aggregates and inclusions of pyroxene-

granulite in the limestone, which are peripherally rich in lime-silicates, diopside,

phlogopite, and scapolite.
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diopside ; a variety common in the Hakgala district consists of

diopside, blue apatite, and mica. The blue apatite ' from a locality

near JNewara Eliya' ! (actually Lower Albion, near Hakgala, see

map, PI. XIV) occurs in a mass of this kind several yards in

diameter, slightly quarried in the hope of obtaining mica of value.

Carbonates are, as a rule, nearly or quite absent from these aggre-

gates. The associations met with include:—Pure diopside (the

commonest type) ; diopside, phlogopite, blue apatite (common)

;

diopside, phlogopite, blue spinel (near Tataluoya) ; tremolite, calcite,

blue apatite, colourless phlogopite (two-fifths of a mile south- south-

west of Ulisna Muduna trigonometrical station, PI. XIII) ; tremolite

alone (36 miles north of Kandy); clinohumite (near Gettembe);
olivine (Harakgama, PI. XIV); olivine, green spinel, calcite, pale

phlogopite (Mount Olive, PI. XIV) ; olivine, pale phlogopite, pink

spinel, tremolite, calcite, graphite, blue apatite, pyrite, rutile

(disused middle quarry at Gettembe) ; phlogopite alone (several

localities).

The limestones vary much in coarseness of grain. The finer

varieties are saccharoidal ; the coarsest-grained consist of indi-

viduals measuring over 4 inches along the rhombohedral edge.

This exceptionally coarse variety forms a thin band of limestone,

exposed by the roadside about a third of a mile east-south-east

of Talatuoya Bridge. Speaking generally, the limestones are

distinctly coarse-grained, and the individual accessory minerals are

always clearly visible to the naked eye.

The limestones vary as much in purity ; almost pure varieties

have a specific gravity of 2*76 to 2*78 ; in very impure varieties

(rich in olivine) the specific gravity may reach 2'92, and that of the

silicate- aggregates is, of course, still higher.

Sometimes the carbonate-individuals are not uniform in size, but

there are porphyritic crystals embedded in a finer matrix. In one

case examined the larger crystals consisted of dolomite, the smaller

of dolomite and calcite mixed, and intergrown. These porphyritic

limestones occur at several points in the Hakgala district. Neither

in them nor elsewhere are the carbonate-crystals idiomorphic.

The proportion of calcite and dolomite present varies considerably.

It is always posssible to separate the two carbonates by means of

the Lemberg 2
stain, which may be applied either to a thin section or

to a smoothed surface of rock. The only other distinctions between
the carbonates of which I have made use in microscopic work, are the

difference of refractive index and the twinning, which is usually,

but not quite invariably, characteristic of the calcite only.

Microscopic examination of the limestones shows that they have
not suffered from deforming earth-movements since the development
of the accessory minerals that characterize them.3 In one case curved

J
A. H. Church, « Nature ' vol. Ixiii (1901) p. 464.

2
' Zur mikroskopischen Untersuchung von Calcit, Doloruit u. Predazzit

'

Zeitschr. Deutach. Geol. Gesellsch. vol. xl (1888) p. 357.
3

It will be gathered that I am inclined to regard all these accessoiy minerals
as original, that is, as contemporaneous with the carbonate rock-constituent;.
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cleavage-faces were noted on the carbonate-crystals (Herimitigala).

For a case of siickensided limestone, see below.

In the field, the various bands of limestone crop out with consider-

able regularity. Variations of dip are more frequent than changes

of strike, which are alwa}rs gradual, with one exception referred to

below. It must be emphasized also, from this point of view, that

the limestones cannot be considered apart from the granulites (Char-

nockite Series in Ceylon), and that these do not appear to have

suffered from earth-movements since their consolidation, so far as

microscopic work and the greater part of my field-work go.

In one case, however, a difficulty was met with in the field-work.

On the Hakgala-Bandarawela road, near the 56th mile-post, the

limestone strikes in a west-south-westerly direction ; a furlong

farther on the limestone is much siickensided and sheared (the only

case observed by me in Ceylon), and in the stream just beyond this

point the granulites are clearly seen striking in a north-westerly

direction ; the limestone-boundary near by has the same direction.

Appearances of shearing and crushing are found in the granulitic

rocks south-west of this point also. The areas north-east of it are

somewhat inaccessible, being overgrown with lantaua. Some
uncertainty was felt also in mapping the area north of the Padi-

nawela wood (PI. XIV). Farther west, in the Mount-Olive
area, limestones and granulites behave quite normally, possessing

a common strike, a little north of west. A fault has been inserted

in the map, in order to call attention to the existence of these

phenomena ; but in all probability it does not represent accurately

the state of affairs.

It will be seen, from the maps which illustrate this paper, that

the limestones and granulites together have probably been thrown
into gentle folds ; work in the field, however, impresses one with
the comparatively uniform structure of very considerable areas.

III. KeLATIONS BETWEEN THE CRYSTALLINE LlMESTONES AND
THE CHARNOCKITE SERIES.

With the exception of Mr. Parkinson's description of a section

near Matale, to be referred to later, no account has been given
of these relations. As stated above, the limestones and granulitic

(igneous) rocks exhibit a common foliation, the direction of which
is parallel to the boundary between the two rocks. The junction is

often very easy to follow on the ground, though not often clearly

enough exposed for detailed examination. The actual boundary
seems never, or very rarely, to be abrupt ; but there is either a zone
of green rocks in which greenish diopside is the most prominent
constituent, other minerals including greenish and brown micas
and amphibole, green spinel, iron-ores, and sometimes calcite

—

separating the limestones from the ordinary granulitic rocks,—or

there is a gradual transition between the latter and the limestones,

marked by the gradual appearance of calcite, accompanied by scapo-
lite and sphene.

Q.J.G.S. No. 231. 2f
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About 300 yards or so north of Talatuoya, on the Gurudeuiya

minor road, the road-cutting on the east side of the road exposes a

series of normal granulites, among
ft * o which a band of limestone 8 feet

wide is intercalated, there being a

northerly .dip of about 50°. A
transition-zone \\ to 2 feet wide is

seen on the north side, the southern

boundary being less clearly exposed.

North of this zone are normal granu-

lites ; south of it the rather rotten,

coarsely crystalline limestone, dotted

with dark pyroxene. Sections from

the outer part of the transition-

zone show a rock much like an
ordinary, rather acid, pyroxene -

granulite with quite fresh felspars

(
plagioclase and orthoclase very

finely microperthitic ), elongated

quartz, pale-green augite, and iron-

ores, but with also a varying pro-

portion of calcite, scapolite, sphene
(individuals of the latter reaching

3 millimetres in diameter), and
graphite : these minerals being evi-

dently essential parts of the rock,

and original constituents thereof.

A small part of the calcite is

probably secondary. A section much
nearer to the limestone consists

mainly of scapolite, calcite, and
augite, but orthoclase-microperthite,

plagioclase, quartz, sphene, and iron-

ores are also present.

A similar case was noted at

Rakwane, where on the Allerton
Estate, near a now abandoned mica-
pit, some masses of limestone crop

out. In the lower part of a large

mass a junction with a dark

rs 08

c •

°£

pyroxene - granulite is seen, and

H

%&

patches and flecks of pyroxenic rock
are scattered through the limestone

and weather out from it. The lime-
stone consists of calcite with di-

opside, orthoclase, scaj^olite, pyrite,

phlogopite, and graphite and apatite

as accessory minerals. In a section

through a small pyroxenic patch,
these accessory minerals were seen to be much more abundant. A
section of a specimen next to the limestone at the junction referred
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to showed much green augite and scapoiite, with calcite (partly

secondary), pyrite, little felspar, sphene. What is probably the same
limestone is seen again in the Eakwaiie Ganga,llangweltenne Estate,

near by, and though very impure it has there been burnt for lime.

Fallen blocks below the Herimitigala Rock, on the estate of the

same name near Balangoda, show a beautiful, coarsely crystalline

limestone, with abundant crystals of diopside, scapoiite, and some
also of sphene. Some individuals of calcite measure more than

3 x 1*5 centimetres. There are gradual passages from this rock to a

handsome green and white scapolite-augite rock, strongly recalling

certain varieties of rock occurring at Galle. The country-rocks here

are granitoid in aspect, and more coarsely crystalline than usual.

Cases in which a zone of green rocks is found are also common.
In the stream-bed, north of the bridge at Talatuoya, it may be

seen that a band of impure limestone is in contact with a wide

zone of heavy green rocks in which the minerals diopside, biotite,

greenish-brown hornblende and green spinel predominate (specific

gravity— 3'25, 3*31) ; sometimes calcite is present, associated with

many large spinels. Similar rocks are seen on the Kandy-Talatuoya

road, about 3| miles from Kandy at the top of the hill (see fig. 1,

p. 40-1), also 3| miles from Kandy south of the limestone-band;

and again south of the limestone-band at the little bridge over the

Mahaoya, south of the Peradeniya level- crossing, where a specimen

(of specific gravity 3*27) consisted of diopside, brown mica, and

green spinel, the latter rendered nearly opaque by granules of

iron-ore.

Near the boundaries of limestone-beds, thin bands of limestone

and granulite are sometimes found to alternate, as at Gangapitiya,

where in the moonstone-pit the impure limestone-bands are usually

separated from the beds of acid granulite by successive zones of

diopside alone, and of diopside, serendibite, and spinel (with some-
times scapoiite or plagioclase), each from 2*5 to 5 centimetres broad.

Moreover, it is often found that the limestones themselves

become very impure near the junction with the granulitic rocks.

Bands rich in mica, diopside, and spinel appear, as may be seen

on the Kandy-Talatuoya road, about 5| miles from Kandy, and at

AVattegama, east of the level-crossing, where some house-foundations

afforded a section. Accessory minerals may, however, be quite as

abundant in the main mass of the limestone, though here olivine

(forsterite) is more characteristic*

It is not unusual to find in the limestones bands of pyroxenic

rock, identical with the pyroxene-gran ulites, running parallel bo

the general foliation, and of various widths up to several yards.

These bands are, as it were, sills of pyroxene-granulite in the lime-

stone. AYhen quite narrow, such rocks occasionally form irregular

snaky twists and flecks in the limestone ; a quite chaotic mixture
is sometimes thus produced. The patches weather out from the

limestone, and look like masses of rotten ferruginous sandstone.

A specimen of such a snaky twist had a specific gravity of 2*95, and
consisted of a granular mixture of augite, potash, and felspar, with
small quantities of scapoiite, sphene, iron-ore, biotite, and calcite.

2f2
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The granular structure of these masses, especially if there is slight

decomposition, causes them to shatter at a light touch of the
hammer, so that it is sometimes difficult to collect specimens for

slicing.

There are also occasionally to be found in the limestones, quite

isolated, inclusions of pyroxene-granulite a few feet or yards in

width ; and it may happen that the foliation of the limestone bends
around them, suggesting flow-structure. Such occur, for example,
on the Bandarawela road, beside the road, between the 56^ and
57 milestones, and elsewhere in the Hakgala district (PI. XIV).

Sections from the central portions of the bands and masses here
mentioned possess the usual characters of the pyroxene-granulites,

the minerals augite, plagioclase, orthoclase, quartz (one case only),

amphiboie, brown mica, magnetite, pyrite, and sometimes sphene
and scapolite, being noted.

Inclusions of quartz-rock, similar to that commonly occurring

among the granulites, are exceedingly rarely met with. In one
or two cases, strips of quartz an inch or two wide were noted in

association with, or forming part of, the pyroxenic inclusions.

Bands of quartz-rock (with also a negligible quantity of pyroxene)

an inch or two wide were noted in limestone in the bed of the

Talatuoya, four-hfths of a mile north of the bridge at Talatuoya.

On the Hakgala map (PI. XIY) it will be seen that some large

ellipsoidal masses of rock belonging to the Charnockite Series are

completely included in the limestone-bands, and there are others

smaller. In several cases these consist of a coarse quartzofelspathic

rock : in other cases ordinary acid granulites enter into the com-
position of these masses, which I regard as masses of intrusive rock

in the limestone, less flattened laterally than is usually the case.

The exposure described by Mr. Parkinson l
is seen in the railway-

cutting south of the level-crossing, south of Matale railway-station.

I have visited the section, and am in complete agreement with

him (except that I cannot find here or elsewhere in Ceylon clear

evidence of an augite possessing the pleochroism of hypersthene,

my own sections of the t band ' exhibiting only the usual green

augite). The cutting shows a horizontal band of pyroxene-

granulite, with crystalline limestone above and below it. The band
becomes laterally very rich in pyroxene, and is not sharply separated

from the limestone. It is probable that there has been, as

Mr. Parkinson supposes, some absorption of calcareous material at

the junction.

It will be useful to refer in greater detail to two other localities

in which bauds of acid granulite or pyroxenic granulite are found

in the limestone.

(1) Xear the north-western corner of the Albion Estate, but a
little north of the belt of acacias, and above and west of the Hakgala

footpath, is a small section showing crystalline limestone with a

1 Quart. Journ. Geol. Soc. vol. Ivii (1901) p. 204.
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band of acid granulite therein : the limestones and included ' sill

'

being nearly horizontal. The band of granulite (specific gravity =
2-63) is of a very usual type, composed mainly of elongated quartz,

orthoclase, microperthite, and plagioclase, with some green augite,

magnetite, and abundant prisms of apatite. There are also brownish

fibrous pseudomorphs, perhaps after rhombic pyroxene. This band
of granulite, 2 feet wide, is separated from the limestone above and

below by a zone of heavy, hard, dark rock, 3 to 6 inches thick

(specific gravity= 3-2 to 3-28), composed mainly of greenish-brown

hornblende, with more or less colourless diopside, brown mica, green

spinel, and scapolite. The limestone near the top junction contains

much colourless diopside, and a little olivine, besides calcite and
some pale phlogopite. A less pure band in the limestone was com-
posed of phlogopite, diopside, calcite, and bluish-green spinel, the

plates of phlogopite being slightly distorted as if by pressure.

There are also elongated silicate-lenticles in the limestone, consisting

of dark heavy rock (specific gravity— 3*09, 331), similar in minera-

logical composition to the contact-rock bordering the band of

granulite. One measures about 2 feet by 6 inches, and consists of

diopside, hornblende, and green spinel ; in another phlogopite is

abundant, in addition to these minerals.

(2) A small quarry, on the right-hand side of the Kandy-Anu-
radhapura Eoad, just south of the 32|-milestone, is of much interest.

Tig. 3.

—

Interrupted sill ofpyroxene-granulite in limestone, near

Nalanda.
? • ' •

N,

**-^P«2"

$£ M

[A length of about 5 feet is shown.]

The quarry has been opened in a wide band of crystalline limestone

along and over which the road runs. The limestone is of ordinary

type, in part comparatively pure (specific gravity=2'83), with
calcite, dolomite, and not very abundant olivine. Impure varieties,

from which knots of rusty rock weather out, are also present. These
contain diopside, pale phlogopite, calcite, olivine, and green spinel

(specific gravity =2*85, 2*97). There are in the limestone two
bands of granulite, striking north and south parallel to the general
foliation and to each other.

The first appears as a dark band about a foot wide (fig. 3), cen-
trally hard and compact, and resembling a pyroxene-grantilite, but
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~ ^.

laterally more micaceous. A thin slice from the central part

(sp.gr.= 2'96) shows much augite (very pale green to bright green),

often with dark rod-like inclusions,

and an equal amount of zoned

plagioclase, most basic internally.

Magnetite is abundant, and some
pyrite is also present. Quartz is

rare or absent, with the exception

of a streak 2 millimetres wide,

parallel to the foliation, consisting

of elongated quartz - individuals.

Scapoiite appears to occur. Other

minerals present in quite small

quantity are hypersthene, biotite,

and apatite. Without the scapoiite,

the rock would be an ordinary

pyroxene-granulite. Another slice

from a specimen nearer the edge

of the band (sp.gr.= 2-99) contains

much brown mica and hornblende,

with green augite and plagioclase

less abundant than before, and
limpid scapoiite tending to occur

in plates moulding the other

minerals. A third slice from the

micaceous edge of this band (sp.gr.

=3' 16) is composed of diopside,

phlogopite, pyrite, and scapoiite.

The diopside is partly in graphic

forms standing out against the

scapoiite. The limestone at the

junction (which is not abrupt)

contains calcite, olivine, very little

diopside, green spinel (black macro-
scopically), and much pyrite, the

last confined to a zone 2*5 to

5 centimetres wide next to the

pyroxene-granulite band. The
last-named band, however, is not

quite continuous, but is interrupted

b}T a tongue of limestone a few
inches wide, which crosses it,

connecting the limestone on the

cast with that on the w7est of the

band. This limestone-tongue forms

thus a sort of dyke crossing the

band of pyroxene-granulite.

In the second case a band

of white acid granulite is seen in the limestone (fig. 4), 2 yards

west of the darker band just descrihed. Here the acid granulite
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(possessing the usual characters) is separated from the limestone by
a zone of hard, compact, greenish-grey rock, 1 to \\ inches wide,

which borders it like a shell. This greenish zone (specific gravity

= 3*12, 3*25) is composed almost entirely of compact granular

diopside, with some green spinel in parts, and peripherally a

little interstitial calcite. Where the calcite is more abundant,

the diopside and spinel are idiomorphic. After running for some
yards as such, the band is continued as a series of lenticles,

the structure of which is identical with that of the band. The
band of acid granulite is thus, as it were, interrupted by trans-

verse dykes of limestone. A specimen of acid granulite from the

interior of one of the lenticles contained augen-orthoclase, measuring

as much as 23 x 13 millimetres. A thin slice showed a fine-

grained granular mosaic of orthoclase-microperthite, traversed by
strings of individuals of elongated quartz, and containing irregular

porphyritic individuals of microperthite which appear strained and
perhaps fractured. The band and lenticles can be traced for quite

15 yards, appearing again beside the road, north of the exposure

in the shallow quarry.

It is exceedingly interesting to compare these broken sills of

granulite in limestone with the broken dykes of nepheline-syenite

in the limestone of Alno (described by Prof. A. G. Hogbom), 1 the

peculiar characters of which seem to correspond closely with those

of the cases just described.

Before leaving this part of the subject, it may be useful to point

out that the various bands of granulite met with in the limestones

occur always as sills, and never as transverse dykes.
If we suppose the granulite to be intrusive in the limestone, we
must regard this parallelism as the result of injection accompanied
by lateral pressure.

IYo Interorowths of Calcite and Dolomite.

These are very characteristic of the crystalline limestones,

especially in the Kaudy and Matale districts, though rather unusual
in the neighbourhood of Hakgala. Such intergrowths produce
characteristic appearances on weathered surfaces.

Parallel intergrowths (fig. 5, p. 412).—It is very usual for

the white carbonate-crystals composing the limestone to show a

curious banding, well brought out on weathered surfaces. In such
cases, there is a series of narrow parallel bands running across the
crystal, diagonal to the cleavage, and alternately standing out and
depressed. In the coarsest variety found, there were 15 upstanding
bands to the half-centimetre. There are all transitions from this type
to bandings of microscopic dimensions. Thin sections show that
this appearance is caused by a parallel intergrowth of calcite and
dolomite, in alternating planes parallel to the basal plane c(001).

1 Geol. Foren. Stockholm Forhandl. vol. xvii (1895) pp. 100, 214.
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Sections prepared parallel to the plane of intergrowth yield a negative

uniaxial interference-figure in convergent polarized light. In most

cases the calcite and dolomite have an identical optical orientation,

in others the alternating bands show" a slightly differing orientation.

Fig. 5.

—

Parallel intergrowth of calcite (dark) and dolomite. x20.

/tw.

[Tbe shading represents the effect of staining with Lemberg's solution.

This applies also to fig. 6. TW= Twinning ; CL= Cleavage.]

Ramifying (graphic) iutergrowths (fig. 6, p. 413).—On
the weathered surfaces of other varieties of limestone, a vermicular

tracery is often seen, frequently appearing to radiate from several

centres. Fractured surfaces of such specimens present a ' lustre-

mottled' appearance. Thin sections show that these phenomena {ire

due to ramifying intergrowths of calcite and dolomite. The radiating

'fingers' consist of dolomite, with a common optical orientation; the

calcite-individuals are numerous and variously oriented, but each is
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large enough to enclose portions of more than one ' ringer ' of dolomite:

Pig. (5 is from a specimen in which the intergrowth is less fine-

grained than usual ; it often sinks to quite microscopic dimensions,

and such examples have been described by Prof. Lacroix T and

Mr. Parkinson, 2 though without explanation.

Pig. 6.

—

Ramifying or graphic intergrowth of calcite (C) and
dolomite (D). x 9'4.

1

%c

[MA= Magnetite; MI= Mica.]

In many of the parallel intergrowths the calcite and dolomite

are of equal relative importance; in others, and in most of the
ramifying intergrowths, we usually find that calcite predominates,
and should speak of the dolomite as forming parallel or ramifying
inclusions in the calcite ;

it is exceedingly rare to meet with a

reverse relation.

A conspicuous feature is the limitation of twinning to the

calcite, the twinning-bands in it ceasing at the junction with
dolomite, even when the two have a common optical orientation.

Very seldom traces of twinning are found in the dolomite, and it

seems perhaps to be not quite invariably present in the calcite,

though usually so.

The distinctness of the intergrowths, even on a very small scale,

shows probably that the carbonates consist of pure dolomite or pure
calcite, and that intermediate types are absent.

1 Bull. Soc. frang. Mineral, vol. xii (1889) p. 337 & fig. 60.
2 Quart. Journ. Geol. Soc. vol. lvii (1901) p. 205.
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The finest examples of these intergrowths were obtained at a

point three-quarters of a mile west of Ulisna Muduua trigonometrical

station, along the footpath that descends the slope in a south-westerly

direction (see map, PI. XIII).

V. Notes on the Accessory and Contact-Minerals.

(1) Diopside.—Colourless monoclinic pyroxenes associated with
the limestones and their contacts with the granulites are referred to

as diopside. The monoclinic pyroxene of the pyroxene-granulites

possesses always a green colour, though sometimes pale, and it is

referred to as a u g i t e. The diopside of the green-rock contact-zones

has sometimes also a pale-green colour.
1 Much diopside is present

as the sole constituent of some white silicate-aggregates, or associated

in them with other minerals, such as blue apatite and mica ; it is

also occasionally present as a constituent of the limestone-rock,

with or without accompanying olivine.

(2) Olivine (forsterite).—Colourless olivine in crystals almost

always clearly visible macroscopically (and even reaching 1 inch in

length) is very commonly met with. Very often the limestone carry-

ing olivine has a grey or dark-grey coloration, owing to the deposition

of granules of iron-ore along the irregular cracks in the olivine.

Alteration to serpentine is not very common, the crystals being-

very fresh.

Alternations of pure and olivine-bearing limestones give the

effect of a white-and-grey banding. Such bandings are always

parallel to the general strike. Olivine-bearing dolomites are well

seen at Ampitiya, in quarries north-east of Ketawala trigonometrical

station, and along the roadside west of the same point (PI. XIII).

An analysis of olivine from Ampitiya is quoted on p. 415. Olivine

is unusually abundant in. and gives quite a dark colour to, limestones

exposed on the Ambewela-Hakgala road, near the bridge over it r

and near the 4th milestone.

Another case may be referred to in greater detail. Limestone

occurs in a patch of jungle near the Hakgala Gardens, near the

remains of an old kiln, where lime wras formerly burnt (PL XIV).
The limestone forms a sort of cave ; it is doubtless a continuation of

one of the bands which slope up from Harakgama. The minerals

present are calcite, dolomite, olivine, phlogopite, pyrite, and pink

spinel. The olivine in some specimens appears grey, in others

yellowish ; but these colours merely result from very slight quantities

of iron-ore deposited along the cleavage-cracks. Grains treated for

some hours with dilute hydrochloric acid become quite colourless.

Such treatment serves to isolate the olivine, and seems to attack it

very little or not at all. The grains obtained consist of separate

flattened crystals, averaging 2 to 3 millimetres in length, and of

more irregular aggregates. The flattened grains show in convergent

1 In one case a quite dark green pyroxene occurred in limestone (at Heri-

mitigala) associated with scapolite. This pyroxene resembles the Tiree
' coccolite,' and probably belongs to the hedenbergite group.
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polarized light the emergence of an obtuse bisectrix. The optic

axial plane is at right angles to the elongation of the crystals, which
are thus elongated in the direction of the vertical axis, and flattened

parallel to b (010).

Chemical Analyses of Forsterite and Serpentine from Ceylon.

I. II. III. IV, V.
Per cent. Per cent. Per cent. Per cent. Per cent.

SiO., 42-55 4116 42-8 39-25 39-88

A12 3
0-23 ... ... 1-78 3-18

Fe2 3
258

FeO 2-36 ... 26
CaO 1-43 ... ... 1-84 P75
MgO 51-97 52-60 55 -4 39-C0 38"64

Loss on ignition
. 1 -68 |£^b3f>SI - W»l™ 1655

100-22 100-14 1008 100-00 100-00

Sp.gr 3-14 3-13

I. Analysis of forsterite from Hakgala, by Mr. Gr. T. Prior, M.A.
II. Analysis of forsterite from Ampitiya, by Mr. W. C. Hancock.

III. Analysis of forsterite from Kandy, by M. H. Arsandaux, Bull. Soc. franc/.

Mineral, vol. xxiv (1901) p. 475.

IV. "1 Analyses of green and white serpentine from limestone, Wattegama
V. J level-crossing, by Dr. Schiffer, Inaug.-Dissert. Munich, 1900.

It is noteworthy that the olivine does not occur specially near

junctions with the granulites, as does diopside, but is more common
than the latter in the main masses of limestone.

(3) Mica.—Colourless to golden-brown micas, less often pale-

greenish, are everywhere commonly found either scattered through

the limestone (and then more or less idiomorphic), or accom-

panying malacolite, apatite, spinel, etc. in silicate-aggregates which
weather out on the surface of the limestone. The most usual types

have the colour and pleochroism of phlogopite, but are very pale,

often colourless in thin section if not macroscopically. Greenish-

brown micas, with the optical characters of phlogopite, are some-

times characteristic of impure bands in limestone near junctions

with the granulites.

A dark-brown mica was found with hornblende in limestone at

Wariapola.

Xeav Talatuoya several diggings for mica have been made ;
and

it is probable that this mica occurs in connection with the

junctions of limestone and granulite. It belongs chiefly to phlo-

gopite, with various warm brown shades. The crystals are often

idiomorphic, and not often more than 6 or 8 inches in diameter.

Some have curious, flattened, black, lath-shaped inclusions, arranged

parallel and perpendicular to the rays of the percussion-figure.

Quite dark greenish-brown or green micas (neurly uniaxial)

occur with diopside, amphibole, and spinel in the heavy green rocks

sometimes found between the limestones and granulites (Talatuoya).

(4) Spinel.—Pink and violet-pink spinels are very common
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scattered through the limestone, for example, in the neighbourhood

of Talatuoya, and also at Hakgala. The crystals are often well-

shaped octahedra ; sometimes, as at Hakgala Limekiln, combinations

of the forms (111) and (101) are found. The largest crystals

obtained in situ reached about 5 millimetres in diameter; but

I have received much larger specimens, with the locality of which I

am not acquainted, although they probably occurred in limestone.

Blue spinel was noted as forming, with olivine and pale phlo-

gopite, a small mineral- aggregate in limestone near Talatuoya.

Pink spinel occurs in a micaceous mineral-aggregate in limestone

in the middle disused quarry at Gettembe. Green spinels (green or

black macroscopically, often nearly colourless in thin sections) are

common in the dark patches and mineral-aggregates in the lime-

stones, and associated with diopside or amphibole in contact-zones,

and with green diopside, amphibole, and mica in the heavy green

rocks which are sometimes found between the limestones and the

typical granulites (Talatuoya, etc.). Green spinels are rarely

found scattered through the limestone, but seem to occur more
definitely as a contact-mineral. Some varieties of limestone rich in

green spinel are, however, to be met with, as at Talatuoya in the

stream north of the bridge.

The presence of spinel as a contact-mineral seems to result from
the appropriation of silica in the formation of lime- and magnesia-

silicates.

(5) Apatite.—Blue apatite is everywhere common as an acces-

sory mineral in the limestones, and associated with malacolite and
phlogopite in mineral-aggregates in the limestone, as at Lower
Albion, Hakgala. In the limestones it is present in the form of

prismatic crystals, with rounded outlines, always big enough to

attract attention. Isolated grains show (as was noted by Mr. Park-

inson) a clear pleochroism, namely, for rays vibrating parallel to c

sky-blue, for rays vibrating perpendicular to c pale claret (nearly

colourless). In thin sections the blue apatite appears colourless.

Dr. Schiller has analysed a blue apatite from Wattegama, his

results giving the calculated formula (P0
4
).,(FlCl)Ca

5
. Prof.

Church has also investigated the blue apatite of Ceylon. 1

(6) Amphibole.—The amphiboles associated with the crystalline

limestones are not especially abundant, but have been noted in

several localities occurring as contact-minerals, silicate-aggregates,

or scattered through the limestone.

Fibrous crystals of colourless tremolite, with an extinction-angle

on (110) of about 17°, form a white silicate-aggregate in limestone

not far from the 36th milestone on the Kandy-Anuradhapura road.

Colourless glassy amphibole occurs in nodular silicate-masses (with

colourless mica and blue apatite) in limestone two-fifths of a mile

south-south-west of Ulisn a Muduna trigonometrical station (PL X III).

A variety has a very faint greenish tinge, and some glassy crystals

scattered through the limestone itself are of a clear pale-green.

1
« Nature ' vol. Isiii (1901) p. 464.
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On a small pale-green individual, weathered out, Mr. Graham
has determined the forms (Oil) (110) (010).

, Mr. W. C. Hancock has analysed the colourless variety from this

locality, with the following result :

—

Per cent. ^

C (graphite) 0*30
j

H.,0 (combined) 0*60 The presence of

Si02
4704

I

so much soda and
Alo 3

(with a trace of iron-peroxide)... 13'76 (alumina, presum-

CaO 13-39 [ably introduced

MgO 21*26 I from the granulites,

Na,0 4.01 is interesting.

100-36 )

Specific gravity=2 -92

A dark-brown amphibole occurs in lumps of limestone with

brown mica, in a field east of the railway near Wariapola, near

Matale. The crystals are frequently idiomorphic. Mr. Graham has

determined the forms (100) (010) (110) (310) (011) (101). In

thin sections this amphibole is quite colourless. Cleavage-Hakes

show an extinction-angle of about 21° on m (110).

Many varieties are quite colourless, even macroscopically ; others

are pale-green, greenish-brown, or dark-brown, but colourless or

pale in thin sections. Others, especially those occurring definitely

as contact-minerals, show colour in the slides and have a normal

pleochroism, not so strong, however, as that of the amphiboles which
occur in the pyroxene-granulites themselves. Amphibole darker than

any of those referred to above, and resembling the amphibole of the

pyroxene-granulites, is found with green diopside, dark mica, and
dark-green spinel, in the heavy green rocks which seem to separate

the limestones from the granulites in some localities.

(7) Sea polite is quite unusual as an accessory mineral in the

limestones themselves. It may also be met with in mineral-

aggregates in limestone, as for example in an inclusion measuring

7x3x4 inches from Palugama (PI. XIV), consisting of diopside,

phlogopite, plagioclase, scapolite, and calcite. Another aggregate

consisted of diopside partly granular, partly intergrown in beautiful

graphic fashion with scapolite and a few individuals of orthoclase.

Probably such aggregates correspond to inclusions of pyroxene-
granulite, which being small have been much modified by the

formation of lime-silicates. Hence they are not included in the list

of mineral-aggregates on p. 403, which refers rather to aggregates

of minerals especially characteristic of the limestones themselves.

Scapolite is, however, very characteristic of the peripheral parts of

sills and. inclusions of pyroxene-gran ulite in the limestones, where it

is usually accompanied by sphene. Thus the peripheral portion of

the pyroxene-granulite sill described on p. 409 consists of diopside,

phlogopite, pyrite, and scapolite ; while the rock in contact with the

Herimitigala limestone, as seen in fallen blocks, is a fine scapolite-

augite rock. Many other localities could be named. In such
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cases the scapolite is sometimes granular, but more often it forms
plates enclosing the other minerals which sometimes assume graphic
forms. Sometimes there are numerous elongated inclusions arranged
parallel to the vertical axis. 1

Fig. 7.

—

Intergrowth of diopside (square and rectangular outlines)
and scapolite, Lower Albion, Hdkgala. x 120.

The section is perpendicular to the vertical axes.]

(8) Iron-Ores.-—Pyrite in small quantity is a common accessory

mineral in the limestones ; and is sometimes abundant also in the

mineral-aggregates, but it is not usually characteristic of these.

It may occur as a definite contact-mineral, as in the quarry 2 miles

north of Nalanda.

Magnetite is occasionally met with ; it was noted in some quantity

in a variety of limestone from the western quarry at Gettembe.

Dr. Schiffer's examination of pyrite from Wattegama 2 showed its

composition to be pure FeS
2 , and he noted the forms (111) and (210).

(9) Clinohumite was found at Gettembe, 3 miles west of

Kandy, and at Ampitiya, 3 miles east of Kandy. At Ampitiya yellow

granules of clinohumite were found in coarsely crystalline limestone

about a fifth of a mile north-west of Ketawala trigonometrical station.

At Gettembe three pits have been opened for lime-burning, north

of the road and below the hill (' Primrose Hill '). The middle pit is

disused and small. Yellow clinohumite is very abundant in one

1 See Lacroix, Bull. Soc. frang. Mineral, vol. xii (1889) p. 99 & fig. 6.
2

' Chemische Untersuchungen eines kornigen Dolomits aus dem Gneiss von
Wattegaina in Ceylon' Inaug.- Dissert. Munich, 1900.
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variety of limestone occurring in the western pit, forming a

handsome dolomite-clinohumite rock : other minerals present in

small quantity are olivine (?) and blue spinel. Other varieties of

limestone in the same pit are quite without clinohumite, and have

different accessory minerals, or none. The clinohumite forms large

•crystals with some approach to crystalline form, reaching 1 inch

in longest diameter ; smaller granular crystals are abundant.

These are very diminutive, but have sometimes numerous well-

developed crystalline faces. The grains are about twice as long as

broad and slightly flattened. Examined between crossed nicols,

they are found to extinguish always parallel to their length,

whether lying on one side or on the other, whence it follows that

they are elongated in the direction of the orthodiagonal axis b. In

thin sections, it can be clearly seen that the axial plane is parallel

to the elongation. The pleochroism is a fine orange-yellow, c pale

chrome-yellow, and b like c or very slightly darker. Absorption

a>t>^C In thin sections, basal cleavage is seen parallel to the

elongation ; isolated grains are also occasionally seamed by irre-

gular cracks, more or less transverse to their length.

Mr. G. F. Herbert Smith has kindly measured one of the tiny

crystals from Gettembe, 1 and identified the forms

•<?(001K(107)e3 (103) e4(10lj w 3(113) i
a(014)«3

(012)r4(129) r
5 (127) r6(125) r

8(121)

The measurements are quoted in the following table :

—

Form.

101

103

107
113
129

125
121

127

012

014

Observed. Calculated (Dana, 6th ed.).

Azimuth. Distance. ' Azimuth.

47 40
65 17

65 7
65 17

65 7
65 17
65 6
64 58
90 11

90 2
90 11

o
79
79
79

15

7

9
79 17
60 6
60
46

7

11

68 30
54 9
53 59
68 8
85 15
85 22
60 45
61

70 37
70 30
54 40

47 13
65 10

Distance.

79 lU

60 12

90

46 20
68 44J

54 11

68 9
85 25

60 42

70 32

54 45

1 The determination of the mineral as clinohumite depends on the crystal-
measurements referred to. Without these it would have been necessary to
speak vaguely of ' chondrodite.' The mineral which occurs sparingly at Ampitiya
is probably identical with the Gettembe clinohumite.
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Mr. G. P. Herbert Smith says that

' besides these faces there are a large number (more than a hundred) of others,

mostly very small. Some of these might, on calculation, be found to have
simple indices. Most of them, however, have very complex indices and would be

due to etching. It would seem as if, in this case, some of the original faces

were still left unaltered.'

Mr. W. C. Hancock has analysed the cliuohuraite from Gettembe,
with the following results :

—

Per cent.

Si02
37-52

Feo 3
(with a trace of alumina) ... 9'00

Mg: 4975
Na.,0 1-44

F " 102
H.,0 (hygroscopic) 0*50

H~0 (combined) 1-00

10023

Yellow clinohumite was also found in the limestone in the bed of

the Madde Ela near Gettembe, associated with what may be a

colourless variety. In a thin section, one case of twinning was
observed ; in the material from the limestone-pit no twins were

found. A colourless variety of chondrodite from limestone from

Ceylon has been described and figured by Prof. Lacroix
l

; the figure

is, however, very suggestive of olivine.

(10) Graphite.—Flakes of graphite occur commonly in some
varieties of limestone, though quite absent in others. The flakes

are often more or less hexagonal in outline, and have a seemingly

basal cleavage corresponding to that of mica.

(11) Sphene was only noted as an accessory mineral in the

Herimitigala limestone, but is common accompanying scapolite,

calcite, etc., in the peripheral parts of* pyroxene-granulites which

si low endomorphic modification in contact with limestone.

(12) Orthoclase was noted as an accessory mineral in lime-

stone, on Allerton Estate, llakwane ; and once or twice in mineral-

aggregates in limestone, in the Hakgala district.

(13) Tourmaline occurs very sparingly in joints in the nodular

serendibite-diopside rock-bands, and still more rarely in the intru-

sive granulite, at Gangapitiya. Tourmaline from river-gravels is

one of the commonest semiprecious gems of Ceylon, but localities

where it occurs in situ are unknown." .

(14) Serendibite.—This name has been given by Mr. Prior and

myself 3 to a mineral occurring at the Gangapitiya moonstone-pits,

1 Bull. Soc. franc,. Mineral, vol. xii (1889) p. 338 & fig. 60.

- For crystallographic details of Ceylon tourmaline, see V. von Worobiev
• Krystallographische Studien iiber Turmalin von Ceylon u. einigen anderen

Vorkommen ' Zeitschr. fur Krystallogr. vol. xxxiii (1900) pp. 263-454 &
pis. viii-xiv.

3 paner read before the Mineralogical Society on February 4th, 1902

abstract in ' Nature' vol. lxv (1902) p. 383.
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about 12 miles east of Kandy. To reach the spot the Kandy-

Badulla riverside road is taken as far as the Pallekelle ferry, which

is crossed, and proceeding along- the road to the Teldeniya rest-house,

the village of Ambakotte is reached. Immediately after passing

this village, a road must be followed which turns to the right across

the ' Ambakotte' and ' Ambakotte New ' Estates. The pits are on the

farther side of the latter, some 2 miles distant from the main road.

Several bands of limestone and granulite are passed on the way.

Limestones are well exposed near a pond about halfway between

the road and the pits.

The pits show intimately interbanded acid granulite and impure

limestone. The bands do not exceed a few feet in width, but are

usually thinner. This is probably a case of ' lit-par-lit ' injection

in the outer part of a band of limestone which is crossed before

the pits are reached. The acid granulite is of the usual type,

with much elongated quartz, and a tendency to graphic structure.

The minerals are orthoclase-microperthite, orthoclase, quartz, and

plagioclase. Large augen-orthoclases provide the moonstone, to

obtain which the pits were dug. Individuals may reach a size of

12'5 x 10 ceutimetres.

The granulite-bauds are separated from the limestone by a

contact-zone, first of compact granular diopside 2*5 to 5 centimetres

wide next to the limestone, and secondly of diopside, serendibite,

green spinel, sometimes scapolite and plagioclase, 1*25 to 2'5 centi-

metres wide. Similar lime-silicate rock occurs inthin nodular bands

which alternate with the granulite, corresponding to bands of lime-

stone so thin as to have been completely altered to silicate-rock. This

type of contact-action (formation of diopside, etc.) recalls the cases

described on pp. 409, 410. Alternate bands of acid granulite and

limestone were noted also in another moonstone-pit near Talatuoya.

The serendibite has a dark bluish-green colour in the rock
;

and with the spinel gives it a similar hue. It rarely occurs in easily

recognizable crystals, but is usually much mixed and intergrown
with the diopside. In thin sections, it is rendered very conspicuous

by its remarkable pleochroism from very pale yellowish-green * to

deep indigo-blue, and by the multiple twinning which is as charac-

teristic as in a triclinic felspar. The crystals are somewhat
flattened and elongated, and the twin-plane is parallel to the

elongation. Crystal-faces parallel to the elongation are fairly well

seen, terminal faces are rarer. The crystals have sometimes an
ophitic habit, so that several portions not in contact extinguish

simultaneously.

Other characters may be summarized as follows :—Optically

biaxial, probably triclinic, perhaps monoclinic. Cleavage none ;

hardness= about 7; specific gravity= 3*42. Refractive index nearly
equal to that of diopside, double refraction weak.

1 In thin slices the spinel and serendibite are indistinguishable for some
positions of the lower nicol.

Q.J. G. S. No. 231. 2g
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Mr. G. T. Priors analysis gave the following results :
—

Per cent.

Si02
25-33

Al.,63 3496
FeO 4-17

CaO 14-56

MgO 14-91

K.,0 0-22

Na o01 n .,

u b ]
-• Oo1

PA 048
Loss by ignition ... 069
F trace

B
2 3

(4-17) by difference.

100-00

The corresponding formula is

10 (Fe, Ca, Mg)0 . 5Al
2 3

. 0SiO
2

. B 2 3
.

(15) Rutile.—A brownish -yellow mineral with high refractive

index, occurring with olivine, phlogopite, spinel, tremolite, etc. in a

mineral-aggregate in limestones at Gettembe, is probably rutile.

(16) Zoisite is recorded by Prof. Lacroix 1 as occurring in a

mineral-aggregate in limestone from Kururaegala.

Garnet and wollastonite : the total absence of these

minerals from the limestones and contact-modified granulites is

noteworthy.

Corundum has not been found in the crystalline limestones as

yet, although it occurs thus in Burma; and Dr. Griinling
2 has

suggested that the Ceylon corundum may occur in the limestone.

EXPLANATION OF PLATES XIII & XIV.

Plate XIII.

Geologic.il map of the country batweeu Kandy and Talatuoya, on the scale of

8 inches to the mile.

Plate XIV.

Geological map aud sections of the district lying south-east of Hakgala, on the

scale of 3 inches to the mile.

Discussion.

Mr. Paekinson, after expressing his sense of the value of the

paper and the care and elaboration with which the details had been

worked out, described the contact of granulite and limestone which
he had seen near Matale, and remarked that he believed that this

section proved, firstly, that the granulite was intrusive, and, secondly,

that the intrusion had been attended by absorption of the limestone,

which had locally modified greatly the composition of the granulitic

1 Bull. Soc. franc. Mineral, vol. xii (1889) p. 344.
- - Ueber die Mineralvorkommen von Ceylon ' Zeitschr. fur Krystallogr.

vol. xxxiii (1900) p. 233.
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magma. As to the original nature of the limestones, he could say

nothing ; the interrupted sills and isolated masses of the granulite

which had been described were very puzzling facts, and he inclined

to the opinion that the Author's contention that ' the two rocks in

their present condition are essentially contemporaneous ' was the

hypothesis most nearly in accord with the facts.

Mr. Holland thought that the Author's self-imposed task of

attacking the crystalline problems of Ceylon deserved the highest

commendation of the Society, and the additional facts now published

formed a great advance on previous work in that area. But he

considered that the evidence offered was utterly insufficient to

establish the Authors contention that the crystalline limestones

had behaved as igneous rocks, and formed part of the magma
which gave rise to the associated Charnockite Series. He (the

speaker) had described primary and original calcite in a nepheline-

syenite from Southern India, as Adams had done for Ontario and
Hogbom for Alno ; and though he was convinced that calcite

might be dissolved without decomposition, and subsequently sepa-

rated from a nepheline-syenite magma, in which there was no free

silica and an excess of electropositive alkali, it would be impossible

for a limestone and charnockite to come into igneous contact with-

out a chemical reaction which would result in the alteration of

both rocks. The phenomena described by the Author were precisely

those which would be expected theoretically from the intrusion of a

charnockite into a pre-existing limestone. The limestones had been

as a whole raised to a high temperature, and (as he had previously

suggested from other evidence) had been brought to a condition

probably akin to fusion, in which condition there would be a

sufficient freedom of molecular movement to account for all their

structural peculiarities—the intergrowths of calcite and dolomite,

the flow-structures, and the occurrence of large phenocrysts of

accessory minerals, which did not indicate an igneous condition any
more than the large chiastolites of chiastolite-slates. The absence

of cataclastic structures did not indicate freedom from deformation

after solidification, as Adams and Nicolson had proved that marble,

under differential pressure and at a temperature no higher than
400° C, could be made to flow like glacial ice without the pro-

duction of cataclastic structures. The plasticity of the limestone

at temperatures well below the fusing-point of any rock was
sufficient to account for the stream -like disposition of the in-

clusions, as well as the dislocation of the charnockite-sills without
internal deformation. In India are seen corresponding contact-

phenomena where the charnockites invade aluminous rocks (the

khondalites of Walker) and siliceous rocks (quartzites of various

kinds), and these, like the limestones, have their nearest chemical
equivalents among known sediments. In places these paraschists

and paragneisses predominate over the orthogneisses ; while in the
south, where denudation has proceeded to greater relative depths,

they are subordinate in quantity, and in Ceylon the limestones now
exposed are apparently mere inclusions in the Charnockite Series.

2g 2
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Prof. Judd expressed his gratitude to the Author for bringing

forward a description of a district so interesting to geologists. The
rocks described were similar to those of Burma, except in the

remarkable absence of certain minerals, such as corundum and its

derivatives. He found great difficulty, as the Author did, in

realizing that the charnockites could be intrusive in the limestones.

In Burma and Ceylon alike, whatever might be the case in Southern
India, the limestones were remarkably subordinate to the silicate-

rocks, instead of the reverse being the case (as we should expect, if

the latter were intrusive in the former). He agreed with the

previous speaker as to the difficulty of imagining the limestones

to have behaved as igneous rocks, and yet their relations with the

igneous rocks were puzzling in the extreme. He referred to the

occurrences of Glenelg and Tiree as affording fine illustrations of

the part played in such a complex by calciphyres.

Mr. Greenly remarked that in the Hebridian Gneisses of the

North-west of Scotland there was also a great preponderance of

igneous over what appeared to be sedimentary material. The
Loch-Maree Group was now generally regarded as sedimentary, but

it was a comparatively narrow zone, while from Loch Maree to Cape
Wrath all appeared to be igneous. Limestones were a conspicuous

feature of the Loch-Maree Group, but they were accompanied
by graphite-schists, mica-schists, and other probably sedimentary

rocks.

The Author, in reply to Mr. Holland, said that no doubt in most-

cases crystalline limestones were a result of the recrystallization of

calcareous rocks under pressure ; behaviour as a plastic medium did

not involve a very high temperature, as had been proved by the

work of Adams and Xicolson. But the limestones of Ceylon

possessed a number of peculiar characters which, taken together,

suggested to him that they had existed in ' a state akin to

fusion." With regard to the interrupted sills, if this phenomenon
was due to ' pinching ' while both rocks were in a solid state (as

Mr. Holland had suggested), why did the narrow lime-silicate

contact-zones completely surround the lenticles, instead of occurring

only on two sides of the granulite, as in the sill itself? Moreover,

the accessory minerals in the limestones would show some trace of

deformation if such powerful earth-movements had affected their

matrix.

In reply to Mr. Greenly, the Author said that rocks composed

mainly of biotite and garnet, which could be regarded as of sedi-

mentary origin, were scarce ; no rocks with kyanite, andalusite, or

sillimanite were known in situ. Even if such exist, and are the

remains of sedimentary rocks, the igneous rocks must greatly exceed

them in amount. Xo graphitic schists had been found. Finally, the

Author said that he had no wish to lay great stress on his 4 igneous ?

theory, and he regarded the descriptive portion of his paper as of

much more importance than the theoretical.



Vol. 58.] THE JASPEES OF SOUTH-EASTERN ANGLESEY. 425

26. The Origin and Associations of the Jaspers of South-eastern

Anglesey. By Edward Greenly, Esq., F.G.S. (Read

April 30th, 1902.)

[Plates XV & XVI.]
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I. Introduction.

One of the most singular and striking rocks in that region of

Anglesey which lies to the south-east of the principal mass of

Carboniferous rocks, is a bright red jasper. Though never in

masses of large size, it is widely distributed, occurring in three

distinct areas, which may be called the Newborough, the

Pentraeth, and the Beaumaris areas. The character, mode of

occurrence, and associations of this jasper throw much light on its

origin ; they are so remarkable, and present such singular analogies

with those of groups of rocks which have lately been described in

different parts of the world, as to be, I think, matter of general

interest, as well as important to workers among the older rocks of

Britain. The object, therefore, of this paper is to describe the

rocks and their relations in the districts where they have escaped

the effects of the movements that have modified most of the region.

Their geological age, and, in particular, their relations to the

crystalline schists of the region, cannot, in my opinion, be regarded

as settled, some of the evidence being conflicting. But as questions

of the greatest interest regarding metamorphism are involved, I

propose, in the fourth part of this paper, to set forth this evidence as

briefly as is consistent with clearness. I am the less unwilling to

do so, because the problem is so closely allied in its nature to those

that are still under discussion at the margins of several other

metamorphic areas, as to be in itself, I think, interesting to

geologists who are investigating questions of metamorphism.

II. Description of the Bocks.

The principal associates of the jaspers are certain basic igneous

rocks, limestones, and grits, the most important being the igneous

rocks. Some fine shaly material, called elsewhere jaspery phyllite,

will be described along with the jaspers.

Besides these, there are large quantities of a breccia which appears

to be cataclastic, and also of various schistose rocks, the masses
which retain original characters occupying comparatively small
parts of the areas described, except in the Newborough district.
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(i). The typical jasper is a very hard, brittle, bright blood-red

rock, compact, and with irregular fracture, and often traversed by

a large number of small quartz-veins. It possesses often a mottled

texture, which gives, under the hand-lens, an appearance strongly

suggestive of the presence of organic remains. But nothing cer-

tainly organic has yet been found in it. Some specimens have the

Pig. 1.

Index-Map of

SOUTH-EASTERN ANGLESEY
SCALE =4 MILES TO 1 INCH,

[The outcrop of Careg Onen Rocks at Careg Onen itself and the outcrops of

the jaspers occupy areas of too limited an extent to permit of their being

shown in the above map.]

aspect of red breccias, cemented by clear quartz. Many are definitely

spherulitic. A thin slice shows a mosaic of quartz-grains which at

first appear to have rather evenly rounded outlines, but on careful

scrutiny between crossed nicols they show re-entering curves along

which the grains interlock with each other. The mottling visible

with the hand-lens is seen to be due to aggregations of haematite-dust,

round about which the quartz is clear and nearly free from inclusions.

Each of the aggregates is situated in the middle of a quartz-grain,
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and is thus confined to the limits of what is a crystalline or optical

unit. The mottled texture is therefore, now, a mineral and not

an organic structure ; but it is of course quite possible that it may
have been originally due to the presence of organic bodies the

outlines of which have become obliterated. (See PI. XV, fig 1.)

The spherulitic varieties, when best developed, are composed of red

spherulites, 2 to 3 millimetres in diameter, in a darker matrix. The
sphernlites have colourless, granular cores, around which is the pale

red body, with radial structure, giving a dark cross between crossed

nicols. The intervening matter is very dark with iron-ores, often

sufficiently well crystallized to show definite flakes of ' eisenglim-

mer,' and evidently much altered. No organic bodies have been

found in the cores of the spherulites.

The texture of the ordinary jaspers varies considerably within

the limits even of a microscopic slide, some parts being rather

coarser, and some more free from haematite than others. Numerous
veins of quartz traverse the rock in all directions. These are of

much coarser texture than the fine mosaic of the main body, and

are also generally much more free from inclusions. A slide from

Pferam-gorniog, near Pentraeth, contains also some curious groups

of small doubly-terminated crystals of quartz. Well-formed rhombs
of calcite or dolomite are not uncommon in the fine mosaic, and to

a less extent also in the quartz-veins.

The jasper y phyllites have the same general appearance as

the jaspers, but have a parallel structure and a duller surface. In thin

sections they appear, like the jaspers, to be composed chiefly of very

fine granular quartz, and haematite, but there are also present

numerous minute clastic grains of white mica, and also of quartz:

and the general texture is that of a fine ferruginous shale or mud, and

unmistakably sedimentary. (See PI. XV, fig. 2.)

(ii). The igneous rocks are diabases and serpentines.
The serpentines are of smali size, and have only been observed

in one or two places in the Pentraeth area. Though the fact of their

existence is of considerable interest, no petrological detail concerning

them is necessary for the present subject.

The rest of the igneous rocks are more or less altered dolerites
or basalts, generally fine-grained, and, from their lightish tint

w^hen weathered, evidently not very basic in composition. They
are generally of a dull green, but when slightly deformed are often

reddish, and their schistose parts can then be easily mistaken for

the red phyllites associated with the jaspers. Thin slides show
a fine meshwork of slender lath-felspars, with some iron-ores, and
sometimes (in the Xewborough district) cores of augite still

remaining. Generally, however, the pyroxenes have been replaced

by the usual green alteration-products. Sometimes a tendency to a

sheaf-like or radial aggregation of the felspars is well marked.
(See PI. XVI, fig. 1.)

But the most remarkable characteristic of these rocks is their

structure on the large scale. In the field they are seen to be
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from which the above figures are reproduced, I am indebted to Mr. J. Trevor-

Owen, Headmaster of the Grammar School, Swansea.]
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composed of ellipsoidal or spheroidal masses, piled and pressed upon

one another, as if they had been rolled over and over in a semi-

consolidated condition (figs. 2 & 3, p. 428). Sometimes between the

masses are small interspaces ; sometimes smaller ellipsoidal or pillowy

masses fit into gentle re-entering curves in the sides of larger ones,

suggesting very vividly, hard though they now are, the rolling and

pressing against each other of pasty, yet individualized bodies. 1

A graphic description of their aspect will be found in the llev. J. F.

Blake's ' Monian System \2 This structure is here dwelt upon, on

account of its close resemblance to, in fact identity with, the ' pillowy

'

structure of the basic lavas of the South of Scotland and other

localities. Pigs. 2 & 3 will at once recall the frontispiece in the

Geological Survey Memoir on that district, 3 and also the rocks of

Mullion Island at the Lizard, and Point Bonita in California.
4

The pillowy masses are of two types—a larger and a smaller; and

though they occur together, yet one or the other usually predominates

in any one section. The larger (about 4 feet long) is ellipsoidal, the

smaller being, as a rule, more nearly spherical. The middle axis of

the ellipsoid is generally vertical, and the longest lies north-east and

south-west: the ellipsoidal 'pillows' therefore stand 'on edge.' No
marked difference of crystalline texture has been observed between

the inner and outer parts of the ' pillows,' but a concentric shell-

structure is common, which becomes sometimes almost a concentric

fissility. Small spherical amygdules are not uncommon, but they

are not a marked feature of the rocks. The general microscopic

character agrees with that of the Scottish and other pillowy rocks.

This pillowy structure is seen at Tan y Graig in the Pentraeth area ;

but it is much better displayed among the Newborough sand-hills,

where the great bosses of volcanic-looking, dark-green rock, rising

from beneath great drifts of sand, have a most singular, and some-

what forbidding aspect; and as they are, besides, kept bare of vege-

tation by the incessant sweep of the sand-blast, the whole aspect

of the scenery has a desert-like look that one does not expect to

see in Britain.

It is in these pillowy diabases that the variolite first observed

by the Rev. J. P. Blake, 5 and afterwards described by Prof. Grenville

Cole, 6 occurs. Prof. Cole has moreover been so kind as to write for

me the following description of a variolite which occurs in the pillowy

rock of Tan y Graig, Pentraeth :

—

' No. 5, 1809.—The large spherulite from which this is cut clearly enveloped
a previously banded and spherulitic mass, just as the large spherulites in acid

1 Rocks of this kind have been referred to as ' spheroidal,' but the structure

is evidently distinct from ordinary spheroidal jointing produced after consoli-

dation : see Platania, ' Geology of Acireale ' in Dr. Johnston-Lavis's ' South
Italian Volcanoes' 189], pp. 41-43.

2 Quart. Journ. Geol. Soc. vol. xliv (1888) pp. 510-11.
:i

' Silur. Rocks of Britain ' vol. i (1899) pi. i.

4 Trans. Roy. Geol. Soc. Cornwall, vol. xi (1893) p. 565 ; 'Eruptive Rocks
of Pt. Bonita' Bull. Departm. Geol. Univ. Calif, vol. i (1893) pi. vii, p. 78.

3
' Older Rocks of Anglesey' Brit. Assoc. Rep. 1888 (Bath Meetg.) p. 410.

,J Sci. Proc. Roy. Dublin Soc. n. s. vol. vii (1891) p. 112.
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lavas often arise as local " knots " during the latest consolidation of the rock, and
include the pre-existing structures. The brown tachylyte between the bands of

small spherulites is in places distinctly perlitic, and its vitreous character is well

preserved. The rock is generally more glassy than crystalline ; but the more
lithoidal bands show the tufted aggregates of microlites, and even the "pseudo-
crystallites" that are so characteristic of true variolite.' (See PI. XVI, fig. 2.)

'No. 4, 1899.—This rock also has retained its glassy characters far better than
is the case in typical variolites. In this, it resembles the selvage of the variolite

of Annalong (Co. Down). It has been brecciated during its viscid flow, like the
obsidian of the Rocche Rosse at Lipari, and spherulitic matter has collected

from the matrix in which the consolidated angular fragments of brown glass

were carried onward. Banded structure, often very delicate, resulted from the
movement of the mingled mass ; and then the whole lava was again broken up,

perhaps by earth-movement. The interstices between the fragments that were
thus formed are now filled by chlorite, and what appear to be minute radial

aggregates of chalcedony.
• The angular patches that look like pseudomorphs after olivine, occurring in

the original glass and in the larger spherulitic aggregations, are of puzzling

nature, since they seem identical with the minute spherulites that were deve-

loped at an early stage of the consolidation ; every intermediate type, judging
by outline, occurs between the tiny rounded spherulites and the angular little

bodies that look like crystals. Even the latter are isotropic, and I fancy that

they are spherulites actually passing into crystalline granules, but of what nature
I cannot determine. Such an occurrence is a rare one, but is paralleled by the

outlines assumed, before complete differentiation of the crystalline matter from
the matrix, by the " spots " in some " spotted slates " produced by contact-

metamorphism.
' This rock has, I take it, a complex history, the first brecciation occurring

while it was still a viscid mass, and a certain blending thus occurring between
the firmer glass-fragments and the new material that gathered from the matrix
round them. The second brecciation affected both the old fragments and the

matrix, which by this time had consolidated against them.'

In the Newborough sand-hills, the variolite is apt to occur in zones

which are approximately parallel, and generally near to the margin

of the ' pillows/ though in some of the smaller spheroidal bodies

varioles are pretty evenly distributed throughout. This is the mode
of occurrence of the famous variolite of Mont Genevre,

1 where
the diabase has pillowy structure of the same kind. Variolite

has also been found in the Point-Bonita rock."

(iii). The limestones have been described by Dr. Callaway,

Prof. Bonney, the Rev. J. F. Blake, and others,
3 and no further

penological details are needed for the purpose of this paper.

(iv). The grits are of importance, chiefly in connection with the

question of the age of the rocks ; and a detailed description is not

necessary here. They are moderate to very fine in grain, the finer

beds passing gradually into shale. Bedding is seen in many places,

and very clearly in the Newborough district, where it is rapidly

1 Cole & Gregory, Quart. Journ. Geol. Soc. vol. xlvi (1890) p. 295.
2 Ransome, Bull. Departm. Geol. Univ. Calif, vol. i (1893) p. 99. The

variolites of the Lleyn, described by Miss Raisin in Quart. Journ. Geol. Soc.

vol. xlix (1893) p. 145, belong, no doubt, to the same series as those of Anglesey.
3 Quart. Journ. Geol. Soc. vol. xxxvii (1881) p. 236 ;

Brit. Assoc. Rep. 1888

(Bath Meetg.) p. 389.
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contorted. Cleavage, though general in the finer beds, is never

very strong. The rocks are generally red or green, and full of

volcanic debris : broken felspars, fragments of andesites and diabases

and pink felsite, and lnpilli blackened with iron-ores, being often

abundant. Indeed they bear a strong resemblance to the ashy grits

of Bangor; a fact which must be of the highest importance in

considering their age and that of the jaspers.

(v). Cataclastic and schistose rocks. It is no part of

the purpose of this paper to describe these rocks, the history of which
belongs to that of the earth-movements and metamorphism which
have affected the district ; but without some reference to them, no

connected picture of the general field- relations of the jasper-bearing

group as a whole could be presented.

The least altered are breccias, generally more or less schistose.

The more altered are for the most part dull greenish and reddish

schists, the two being intimately connected. The jaspers, limestones,

and diabases are all found as fragments in the breccias, which are

clearly cataclastic (' crush-conglomerate '). I have not, indeed, been
able to satisfy myself of the pyroclastic origin of any rocks in the

district, except two small bands among the pillowy diabases, and
these appear to be true tuffs. The grits, too, can be seen in the act of

breaking up into breccia. The rocks of the jasper-bearing group
occur as lenticles in the dull green schists, of ail sizes, from the

smallest discernible with a lens to masses a mile or two in length.

In the jNewborough district, original, and in the Pentraeth district,

schistose matter appears to predominate : the undeformed masses

float, so far as can be ascertained, in a schistose matrix, the whole
forming a kind of gigantic crush-conglomerate.

In the Beaumaris area the jaspers and limestones lie among
schists ; but as an important metamorphic question comes in here,

this district will only be touched upon in the latter part of the

paper.

III. Eelations and Origin of the Jaspers.

AVe may now deal with those relations of the jaspers to the diabases

and limestones, especially to the diabases, the consideration of which
is the principal purpose of this paper.

The jaspers are found in the limestones and diabases in innumerable
lumps and seams, generally small. One or two are some yards long,

but these are exceptional, and they are seldom more than a foot or

two in any dimension. Many have no regular shape, but there is

one mode of occurrence that is evidently original. This is when
the interspaces between the ellipsoids and spheroids of the pillowy

diabase are filled in with jasper (see fig. 3, p. 428). Where the

pillowy structure is strongly developed, this is the typical mode of

occurrence of the jasper, and it is admirably exposed in many of

the great bosses of the Newborough sand-hills.
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Xow, in a paper on ' Greenstones associated with Kadiolarian

Cherts,'
l and also in the Geological Survey Memoir on the ' Silurian

Bocks of Britain' vol. i (1899) pp. 85-87, Mr. Teall has pointed

out that lavas exhibiting this peculiar pillowy structure have been
found associated with radiolarian cherts in several parts of Britain,

in Saxony, and in California, and at several horizons, those in

California being as late as the Cretaceous. 2

Further, it is known that, in the Southern Uplands of Scotland,

the radiolarian cherts occasionally pass into the condition of jasper,

and that this jasper is accordingly, like the chert, associated with

the pillowy diabase.

Again, on the South-eastern border of the Scottish Highlands,

jaspers and cherts are found 3 in association with highly- sheared

rocks of basic igneous origin, though here original structures have

been for the most part effaced. Badiolaria have been found in

some of these rocks. I have examined specimens of jaspers from

both these districts, and could not have distinguished them from

those of Anglesey. Indeed, I ought to say that, whereas I had

been disposed, for some time after going to Anglesey, to regard the

jaspers as siliceous substitution-products [a view which I find was
also taken by Prof. G. A. J. Cole 4

], the view taken in this paper

was first suggested to me in 1898 by the fact that my friend,

Mr. Barrow, at once recognized them as identical in character with

those on the border of the Highlands.

If we now compare the photograph (fig. 3, p. 428) with pi. vi,

p. 431, in the Geological Survey Memoir already quoted, we shall

sec that the jasper at Newborough is not merely associated with,

but tills the interspaces of, a pillowy diabase in precisely the same
way as does the radiolarian chert in the Girvan area. Further,

Mr. Teall permits me to add that, without knowing anything at all

of the associations of the rock, he wrote to me in 1898 concerning

a slide which I sent him of a rock from the Pentraeth area :
' It

reminds me of some of the diabasic lavas associated with radiolarian

chert in the Southern Uplands." This rock (PL XVI, tig. 1) showed
the sheaf-like and radial grouping of felspar-laths like that figured

by Dr. Bansome 3 in the Cretaceous diabase of Point Bonita, aud in

several other papers on variolite-bearing pillowy rocks. Finally, in

the very tine ' jaspery phyllites ' minute clastic micas can be made
out, which could not be the case if they were siliceous substitution-

products.

No radiolaria, indeed, have been actually found. But the rocks

are so much jasperized, even in the most promising localities, that

: Trans. Koy. Geol. Soc. Cornwall, vol. xi (1893) p. 560.
- In the face of an association so world-wide, it seems difficult to avoid the

conclusion (as suggested by Mr. Teall) that there is a causal connection.
3 G. Barrow, Quart, Journ. Geol. Soc. vol. lvii (1901) p. 333.
4 Sci. Proc. Boy. Dublin Soc. n. s. vol. vii (1891) p. 114. May not the silica

which has penetrated the diabase have been derived from adjacent, and pre-

existing, jasper ?

5 Bull. Departm. Geol. Univ. Calif, vol. i (1893) fig. 6, p. 85.
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I fear there is not much hope that any organisms existing therein

can have escaped effacement.

The indirect evidence here set forth, however, seems to me so

strong as to leave little doubt that the jaspers of Anglesey
are of organic origin, and that they are really altered
radiolarian cherts.

That jaspers, whether associated with igneous rocks or not,

should occur in connection with limestones, is only to be expected
;

and in the limestones, accordingly, we constantly find them, in all

the three areas here described. As before remarked, they occur here

generally in small irregular aggregates ; but in a limestone north-

east of Garth Ferry, on the Beaumaris road, there is a thin bed of

jasper some yards long. Both these forms are, as is well known,
characteristic of chert and flint in the Carboniferous Limestone and

the Chalk. It is interesting to recall that, so long ago as 1888,

the Bev. J. F. Blake wrote in his ' Monian System ' * of limestones

in the central region of the Island :

—

' There are bands and isolated pieces of red jasper, which behave towards the

limestones exactly as flint does to chalk, and a similar origin is at least suggested.'

I have not yet visited the spot referred to, but the rocks described

are clearly the same as those of the south-east. In that remark,

therefore, written 1-1 years ago, the Bev. J. F. Blake has anticipated

the most important result arrived at in this paper.

To recapitulate : radiolarian cherts, sometimes altered to jasper,

ore intimately associated with, and fill interspaces in, pillowy

diabase-lavas in the South of Scotland. The same association has

been observed in several other parts of the world, and at horizons

ranging from the Lower Ordovician to the Cretaceous.

The mode of occurrence of the Anglesey jaspers is similar,

even in small details, to that of the cherts of the South of Scotland,"

and it seems reasonable, therefore, to regard them as of similar

origin.

Yariolite, in the typical locality of Mont Genevre, occurs in a

diabase with the same pillowy structure as that possessed by the

rocks so frequently associated with jaspers and cherts. It has

actually been found in such at Point Bonita, but is there very rare.

The Anglesey phenomena are therefore remarkably well developed

;

and the occurrence here of limestone also, completes, in a certain

sense, the circle of associations.

IV. Age and External Belations.

This part of the subject falls under two heads :—(1) The relation

of the group to the fossiliferous rocks ; and (2) Its relation to the

crystalline schists of the district.

1 Quart. Joum. Geol. Soc. vol. xliv (1888) p. 489.
2 The only direct evidence that the Anglesey diabases are true lavas is the

occurrence of the thin tuffs. But the infillings of jasper could hardly find their

way into an intrusive rock, until after considerable denudation.
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On neither of these points is the evidence conclusive ; hut on the

first, though imperfect, it is not contradictory, and I will therefore

discuss this part of the subject before approaching the more
complicated matter of the second.

(1) Relation to fossiliferous rocks.—The analogies with
the rocks of the South of Scotland naturally suggest that the jasper-

bearing group of Anglesey is, like the Scottish cherts, of Arenig age.

And it is true that Ordovician rocks do occur in juxtaposition with
the group in the Pentraeth area, although in the Beaumaris area

the jaspers and limestones occur quite away from any fossiliferous

rocks at all.

But at Pentraeth the known Ordovician rocks (probably Llandeilo-

Caradoc) are of a different type, and also in a different condition.

The Ordovician rocks are here, as all over the South-east of Anglesey
(including the Didymogrcuptus-patulus Beds at the Straits), a very

uniform series of black shales and dark grits, and always unaltered,

often not even cleaved. The jasper-bearing group, on the other

hand, is extremely varied, cut up into lenticles by powerful earth-

movements, and to a great extent schistose. The very scenery of

the two groups is sharply contrasted. The same contrast has lately

been remarked by Mr. Matley in the Lleyn Peninsula, 1 and there the

fossiliferous rocks are of Lower Arenig age.

Further, it may be observed that in the mountainous areas of

Snowdon and of the Harlech anticline, where the whole Ordovician

Series is exposed from the Bala Beds downward, even into the

Cambrian, in numerous sections, this jasper-bearing group has

never been recorded.

It will thus be seen that there is no positive evidence to connect

the jaspers of Anglesey with the Arenig Beds, and some negative

evidence to disconnect them. Moreover, it must not be forgotten

that the very association of jaspers and pillowy diabases, which
furnishes the principal argument of this paper, is by no me.ms
confined to the Arenig Beds, but occurs at several different and
widely separated horizons. We may therefore expect to find cases

of this association in rocks of any period.

(2) Relation to the crystalline schists.—This is the most

difficult part of the whole subject, for it is here that the conflict of

evidence to which I have referred comes in.

The schists which are here meant are those of the region called

by the Rev. J. F. Blake ' The Eastern Region ' of the island,

extending from the coast south of Xewborough to the neighbour-

hood of Beaumaris and Llanddona. That part of this tract which

lies to the east of a line running from the shore of the Straits a

little west of the Menai Bridge to Coch y Mieri in Mynydd
Llywdiarrh, is composed of schists which are for the most part but

minutely crystalline, and contain many lenticles of original clastic

1 Geol. Mag. 1902, p. 122.



Vol. 58.] JASPERS OF SOUTH-EASTERN ANGLESEY. 435

matter T

; whereas the part to the west of this line consists of holo-

crystalline mica-schist in which no such original structures can be

discerned. To discuss the origin of these rocks is no part of the

purpose of this paper, and would open up large and far-reaching

questions. I shall therefore describe their phenomena only so far as

is necessary to a discussion of their relation to the jaspers.

There are two chains of evidence, and they had better be con-

sidered separately.

a.—The jasper-bearing group at Pentraeth and Newborough,

either adjoins the crystalline schists of the western and most com-

pletely altered area, or is separated from them only by a narrow

belt of Ordovician shales ; and they are very different in condition.

Xowhere in the jasper-bearing group in these areas, however
highly sheared and altered they may be, are there any rocks the

minerals of which indicate a very high temperature or very deep-

seated conditions, except the micas in some of the schistose material,

which do indeed appear to be authigenetic. The basic igneous rocks

never pass beyond the stage of chloritic and epidotic schists : no
hornblende has been observed in them ; whereas the basic rocks of

the adjacent complex are always true hornblende-schists, sometimes

even hornblendic gneisses. Certainly it would seem extremely un-

likely that there could be any connection between rocks at once so

near together and so different in crystalline condition.

Moreover, a slide of one of the ashy grits of the Pentraeth area

contains two fragments of a thoroughly crystalline mica-schist of

the type most prevalent in the adjacent complex. The condition of

the grit, and the mode of occurrence of the fragments, put a cata-

clastic origin out of the question. This grit must, therefore, be later

than the crystallization of the mica-schists. It is associated with

the jasper-bearing group, and if contemporaneous, that group

must also be later than the crystallization of the schists in

question.

b.—The second chain of evidence is as follows. The jaspers and
limestones are found not only in the Pentraeth and New borough areas,

but also in the eastern part of the Eastern Schistose Eegion, that

is, east of the line from the Menai Bridge to Mynydd Llwydiarth.

They occur there a3 lenticles in the schists, and in such a way as

to make it almost incredible that the structures of the enveloping

rocks have not been developed since the jaspers and limestones

became incorporated in them.2 In Baron-Hill woods, lenticles of

l'asper, not more than 3 to 5 millimetres thick, are wrapped round
by the folia of the fine schistose rocks exactly as any other phacoidal

masses in them are. At Crymlyn, in the heart of the plateau, a

jaspery limestone occurs in the schistose rocks, and a ravine some
30 feet deep has been cut through it and them. There is a very

1 E. Greenly, Geol. Mag. 1896, p. 551.
- This would still be true, even if the rocks of this region were, as they very

possibly may be, a complex of material of different ages.
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strong resemblance between the prevalent types of this area and
much of the material of the Pentraeth 1 and Newborough districts.

Indeed, I can see no difference at all in some cases, either macro- or

microscopically.

Now, along the line above mentioned, the schistose rocks of the

eastern part of the Eastern Region appear to pass, by a perfectly

gradual transition, into the holocrystalline schists of the portion to

the west. Excellent sections are to be seen at a point in Mynydd
Llwydiarth, 400 feet east-south-east of Hafod Leucu, and on the

shore of the Straits below Cartrefle, the two ends of the line. The
change of character affects not only the great body of acidic material,

but the basic rocks contained in it. The rocks of the region, on

both sides of the line, appear, therefore, to be a metamorphic unit

;

and there is nothing to show that on the east side we have

structures of later date than on the west.

From this, consequently, it would follow that the crystallization of

the whole region, including its most highly altered members, which

are undoubted holocrystalline schists, is later than the jaspers, and

than their incorporation in the schistose rocks of the eastern part

of the area.

These two lines of argument lead thus to opposite conclusions

;

and the second is of such a nature as to call for great caution

in its acceptance, because of the principles involved in it. Eor my
own part, I do not think that there is a sufficient preponderance

of evidence on either side to justify the pronouncement of a con-

clusion in this paper : and my aim is, rather to put each case, if it

may be so spoken of, as strongly as possible.

The alternatives are, briefly, these:

—

If the grits of Pentraeth can be shown to be contemporaneous

with, or not later than, the jaspers, then the supposed unity of, and

gradual transition in, the Eastern Itegion must be in some way
deceptive. If the transition really exists, and the schistose complex

of the region be a metamorphic unit, then the grits of Pentraeth

must be of later date than the jasper-bearing group with which

they are associated.

I hope that other parts of the island, the mapping of which I have

not yet completed, may afford evidence that will finally decide which

alternative must be adopted.

V. Summary.

It may conduce to lucidity 'to summarize briefly the principal

conclusions and results contained in this paper.

A red jasper, with the fine shaly material called jaspery phyllite,

is widely distributed in the southern and south-eastern parts of

Anglesey, occurring in the districts of JNewborough, Pentraeth, and

Beaumaris.

Its associates are a varied group of rocks, comprising limestones,

diabases, and serpentines, with grits and shales. They have been

much modified by powerful earth-movements, wdiich have produced

1
J. F. Blake, Quart, Journ. Geol. Soc. vol. xliv (1888) p. 509.
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hrecciated and schistose structures through large parts of the areas,

but original structures have survived in many places, and here the

true relations of the rocks can often be seen.

The associations of the jaspers with the limestones, and especially

with the diabases, are of the most intimate nature.

The diabases have the same characters, both in the field and

under the microscope, as those basic lavas possessing the so-called
1 pillowy ' structure (often also variolitic), which have been found

to be associated with radiolarian cherts and jaspers in several

different parts of the world, and at several different geological

horizons. Moreover, the relation of the jaspers to the igneous

rocks here, is the same as that of the radiolarian chert in the South

of Scotland to the accompanying igneous rocks.

On this ground, and also from the occurrence of jaspery phyllite

with evident clastic texture, it is inferred that the jaspers of

Anglesey are of organic origin, and must be regarded as altered

radiolarian cherts.

The evidence for the age of the group is much less satisfactory.

There is not sufficient to refer it to the Arenig Series, and it is

possible that it belongs to a different period altogether.

Its relation to the crystalline schists of the region is obscured by
conflicting evidence, which cannot yet be reconciled : one chain of

evidence leading to the view that the group is older than, and has

been involved in, the metamorphism of the adjacent schists, while

another gives strong reason to suppose that it is altogether later.

EXPLANATION OF PLATES XV & XVI.

Plate XV.

Fig. 1 [No. 6, 1899] Jasper, from 200 yards west ofBryn Hyfryd, Llansadwrn.
The minerals shown are quartz, haematite, and a carbonate. Most of

the haematite is in fine dust, but there are many flakes of definite

eisenglimmer. The aggregates of haematite-dust which produce the

mottled appearance are contained within single optical individuals of

the quartz-mosaic. In the middle of the field is a rhombic section of a
carbonate, with a zone of opaque haematite and a crystal of eisenglimmer.
The light parts are quartz-veins. ( X 36.)

2 [91 a] Jaspery phyllite, from Bryn Mawr, south-south-west of

Pentraeth.—The rock consists of a remarkably transparent matrix
full of haematite-dust. The small clastic grains seen are quartz and
white mica. Thin quartz-veins cross the field. ( X 36.)

Plate XVI.

Fig. 1 [55a] Diabase, from Fferam-gorniog, Pentraeth.—The only minerals
shown are felspar and haematite-dust. The felspars have a sheaf-like

or imperfectly radial arrangement. This rock contains small oval
amygdules. ( X 36.;

2 [No. 5, 1899] Variolite, from Tawy Graig, south-west of Pentraeth.

—

The only well-defined mineral is a felspar. The groundmass, though
green with alteration-products, remains almost dark between crossed
nicols. ( X 36.)

[Fig. 1 in PI. XV and fig. 2 in PI. XVI are reproduced from slides kindly lent
by Mr. George Barrow. He had them cut from specimens collected on the
occasion of his visiting the ground with me, and they are now in his private
collection. Fig. 2 in PL XV and fig. 1 in PI. XVI are from slides in my own
collection.]

Q.J.G.S. No. 231. 2 k
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Discussion.

Mr. G. Barrow said that he was interested in the group of rocks

described by the Author, as they were the same group as the sup-

posed Silurian rocks along the Border of the Southern Highlands.

They here occurred in two different ways. First, along the least

crystalline margin of the Anglesey schists ; and again, faulted in

some way against a highly crystalline portion of these schists. The
second area showed that the condition of the jaspers, etc. remained

the same in both areas, and it was not credible that the pillowy

lavas and variolites could be of the same age as the hornblende-

schists and hornblende-gneisses comparatively close by. Still more
important, however, was the fact that small fragments of the well-

crystallized schist occurred in the ashy grits associated with the

lavas. It did not seem reasonable to suppose that these grits were
of a totally different age from the lavas, and it seemed clear that the

Anglesey schists were crystallized before the grits, lavas, and jaspers

were formed.

The other (Beaumaris) area was of importance, as showing that

on the outer edge of the aureole of crystallization in Anglesey

these jaspers and green rocks again occur, in a manner suggesting

their original association with the older rocks that pass into well-

crystallized schists. But in all cases here, the junction of the

jasper with the adjacent rock can be clearly seen to be due to

movement, and not an original one. The evidence already given,

however, shows unmistakably that the apparent identity in age has

been produced by these movements, and, as in the Forfarshire area,

it is a deception. The evidence from Anglesey certainly suggests

that these jaspers and green rocks may be older than the speaker

had supposed.

Prof. Bonney said that he agreed with the previous speaker in

thinking that the apparent passage from the holocrystalline schists

into the schistose rocks was more probably due to the crushing of a

holocrystalline and a sedimentary group near their junction. Also,

he did not see why a radiolarian chert should be associated over

any wide area with a peculiar form of basic lava, having a structure

which was likely to occur towards the outside of a mass of lava.

Though doubtful about some details, he fully appreciated the value

of the paper.

The Bev. J. F. Blake said that he was glad that the Author had

visited the district near jNewborough, which, though so inaccessible,

was the most interesting in all Anglesey to a geologist. The
present paper, however, dealt with only a few of the points

of interest. Although the description of jaspers and pillowy

lavas was taken from Malldraeth Marsh, the arguments for their

age was taken from Pentraeth, where the ground was so broken that

the relations of neighbouring rocks were by no means clear. He
doubted whether the material filling the interstices of the pillowy

lavas, or the folia in the crystalline schists which had been

exhibited, had the same origin as true nodular jaspers, such as did
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occur in Anglesey at Cerrig Ceinwen and elsewhere, and showed
appearances which might he taken for the relics of obliterated

organisms. In these cases they were not associated with igneous

rocks, but with limestones and umber; and these associates

occurred in every district among the Monian schists, which were
overlain at no great distance by basal Cambro-Silurian con-

glomerates and shales in an unmetamorphosed condition, and
without a sign of any such materials as limestone, umber, or

jasper. There could be no doubt as to their age.

The 'jaspers ' described by the Author seemed to be of more than

one kind. There was not, so far as the speaker could learn, any-

thing to connect them with radiolaria or with the Arenig rocks.

Prof. Sollas observed that cherts should not be accepted as

radiolarian, unless they contained undoubted remains of radiolaria.

He was far from inferring a necessary connection between radio-

larian ooze and deep-sea deposits, but here we were asked to

believe that such ooze occurred in the heart of igneous rocks. The
necessary relationship between this occurrence and the pillowy

structure of the diabase required to be proved. The slide which
was said to represent radiolarian chert seemed to him very like

ordinary spherulitic rhyolite. He congratulated the Author on the

admirable, painstaking work which he had accomplished.

Mr. Coomaraswamy said that radiolarian remains did not

necessarily imply a deep-sea origin for the formation in which
they occurred. He had recently found radiolarian remains in the

porcellanous plant-bearing shales of Upper Gondwana age, which
occurred at Sripermatur, near Madras.

Dr. Flett stated that, in the supposed Arenig rocks on the

southern border of the Scottish Highlands, many of the difficulties

with which the Author had met in Anglesey were repeated. While
in certain sections it was clear that there was a break between

the supposed Arenigs and the Highland Schists to the north of them,

in others there seemed to be no evidence of any interruption.

At Aberfoyle some of the Highland rocks were as little meta-

morphosed as any of the supposed Arenigs.

The President agreed with the previous speakers in their

appreciation of the value of the detailed geological work which the

Author was doing in Anglesey, and welcomed this fresh instalment

of the publication of his results. It was only by detailed work like

this, that problems of such complexity as those presented by
Anglesey would ever be solved. It was indeed most interesting to find

here another example of that peculiar association of certain character-

istic sediments and igneous rocks which had already been described

from Southern Cornwall, Southern Scotland, and the Southern
Highlands and elsewhere; and the same apparent geographical,

iithological, and structural gradation from unaltered, through altered,

into acknowledged metamorphic rocks. He had himself held the

opinion that this peculiar association and gradation would ultimately

be found to be due partly to the physical conditions of such
an area at the time when its later recognizable sediments were

2h2
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being deposited ; and partly to the effects of the intense crust-creep

to which the area itself had afterwards been subjected. Consider,

for example, such an area as originally forming part of a slightly

submerged continental shelf, or coastal platform, with volcanic and
archipelagic conditions, and overlooking (say) to the south-eastward

a broad and deeper sea. Suppose, further, the platform itself floored

by rocks already metamorphosed, and that this platform remains
covered by shallow waters for an extended period of geological

time, while the sea-floor in front of it is continually deepening.

Under these conditions, only such mechanical, volcanic, or organic

material could become accumulated as rock-layers on the submerged
platform, as by their original nature or rapid cementation were
incapable of being swept off by the waves and currents of the

shallow waters into the open and deepening sea beyond. Such
rock-formations as would be accumulated on the platform would
necessarily be thin, but would be iithologically varied and peculiar;

while those laid down in the deepening sea outside would be of

relatively enormous thickness, but would be Iithologically mono-
tonous. If, later on, the two regions became intensely folded,

compacted, and overthrust by crust-creep, and the crests of some of

the fold-ridges on the platform were worn down by denudation, so

as to expose their cores formed of the original basement-floor of

metamorphic rocks, most of the puzzling field-phenomena presented

by Anglesey and North Wales, and the peculiar areas of similar

character found elsewhere, might be expected to follow as a natural

consequence.

The Author felt that, at that late hour, it was impossible to reply

to the interesting points that had been raised in the discussion.

He did not, of course, claim, in the absence of recognizable radiolaria,

to have made a true demonstration of the organic origin of these

jaspers ; but he did submit that three converging lines of indirect

evidence established a very strong probability. He laid especial

stress upon the fine clastic nature of the jaspery phyllites. With
regard to the relations of the jasper-bearing group to the crystalline

schists, nothing that he could then add would better illustrate the

peculiar perplexities of this problem than the remarks of Dr. Elett

upon the rocks of the Highland Border. The interest that had
been evinced by the Fellows of the Society would be a great en-

couragement in the work that still lay before him in the remaining

parts of the island. He wished, in conclusion, to draw attention to

the photographic reproductions by the process of contact, for which
he was indebted to the kindness of Mr. J. H. Player, P.G.S.
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27. Eevision of the Phyllocakida from the Chemung and Wayeely

Geotjps of Pennsylvania. By Prof. Chaeles Emeeson Beechee,

Ph.D., E.C.G.S. (Bead April 30th, 1902.)

[Plates XVII-X1X]

It is now eighteen years since I prepared a memoir for the

Second Geological Survey of Pennsylvania, describing the species

of Phyllocarida then known from the Chemung (Upper Devonian)

and Waverly (Lower Carboniferous) Groups in that State. Subse-

quent collecting at the original locality has yielded a quantity of

material which further elucidates the characters of the original

species, and also adds two distinctly new forms to the fauna of

the Waverly Group.

The specimens described in the present paper, as well as those

on which the original descriptions were based, were all obtained in

the vicinity of Warren (Pennsylvania). The chief horizon is in the

shale-beds of the Upper Chemung Group, about 50 feet above mean
water-level in the Alleghany River. At this level, crustacean

remains are fairly abundant, and constitute a conspicuous element

of the contained fauna. On this account, the deposits have been

called by me ' the Phyllocarid-Beds.' The species thus far secured

from the horizon are Echinocaris socialis, Tropidocaris bicarinata,

and Elymocaris siliqua. Other forms are much less abundant, and
occur in a sporadic manner in the higher strata.

The following notes on the genera and species are to be considered,

not as complete descriptions, but as additions and emendations to

the original diagnoses.

Echinocaeis socialis. (PL XVII & PL XYIII, figs. 1-7.)

'Ecliinocaris socialis, Beecher, ' Ceratiocaridoe from the Chemung & Waverl3r

Groups of Pennsylvania' 2nd Geol. Surv. Penn. vol. PPP (1884) p. 10; Hall &
Clarke, ' Palaeont. of N. Y.' vol. vii (1888) p. 174.

The new material representing this species, consisting of more
than a hundred individuals, presents a greater range in size than

was originally observed, and permits of a more exact description of

the postabdomen, the ornamentation of the somites, and the number
of lobes in the cephalic areas. In addition, the position and character

of the mandibles can now be determined.

The t el son has the form of an abdominal somite, with a carinated

extension behind, forming the spine (PL XVIII, fig. 3). The rows
of spiniform nodes so characteristic of the other somites are absent.

On each side of the base of the telson-spine are the articular faces

for the cercopods, the dorsal pivotal points being marked by a node.

The cercopods are about one-fourth longer than the telson-spine,

and have a groove on their inner side, probably for the insertion of

a row of seta?, as in Mesothyra oceani, Hall & Clarke. 1

1 ' PaLseont. of N. Y.' vol. vii (1888) p. 187.
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Many of the specimens seem to have suffered little or no com-
pression in the sediments, and therefore the form and ornamentation
of the separate somites can be accurately determined. One of

the middle somites is represented in PI. XVIII, figs. 4-6. The dorsal

side (fig. 4) shows a transverse row of three nodes across the middle,
with two additional ones on the latera. The posterior edge has live

nodes occupying a space equal to the three just in front. The ventral
side (fig. 5) shows an obsolescence of the transverse row, and a
diminution to three in the number of nodes on the posterior edge.

An anterior-end view of this somite (fig. 6) is broadly elliptical in

outline, and has two nodular elevations at the ends of the long
axis, serving as pivots for the flexing of the somite. The large

straight abdomen of the individual represented in PI. XYII has the

somites in contact at the latera only, with a slight gaping on
the dorsum. During life, these spaces were covered by the inter-

articular membrane. The somites are more uniform in length than
in E. punctata, Hall, the ultimate abdominal segment being of about
the same length as the penultimate. There is a gradual shortening-

forward to the proximal segment, which is also without the central

row of nodes.

The lobation of the cephalic area differs somewhat, ac-

cording to the size and preservation of the individuals. A large

rounded node occupies most of the cephalic area in each valve, and
carries the pitted optic node on its posterior side. Between this

large node and the dorsal line there are often, in mature examples,
three more or less well-developed smaller nodes. One adjacent to

the nuchal furrow is always present, and is usually quite prominent.
In some specimens, this node has the appearance of being double.

Anterior to this, there is generally a smaller node, and a third one
occupying the anterior dorsal angle. In an attempt to construe these

characters in terms of the appendages, the largest cephalic lobe, as

will be shown presently, would correspond to the mandibles. The
anterior dorsal node may be taken as representing the first antennal
segment; the small one just behind, as the second antennal segment;
while the somewhat larger and occasionally double node next to the
nuchal furrow may indicate the position of the two maxillae.

The mandibles in this species (PI. XVIII, fig. 7) are quadrate
in outline, the oblique side forming a masticatory surface without
cusps. Several examples show the mandibles protruding in front

of the carapace, their inner ends being concealed by the valves
(PI. XVIII, figs. 1 & 2). Prom the size and position of the mandibles
in these and other specimens, it may be inferred that the large

cephalic lobes represent hollows on the ventral side, in which the
mandibles were situated.

The largest carapace observed has a length of 27 millimetres,

and a width of 17 mm. across one valve. The smallest carapace
measures 6 millimetres in length.

This ornate and beautiful species is now quite as well known as

any Echinocaris, and is a very characteristic representative of the
genus.
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Echinocakis Kandallii, sp. nov. (PI. XVIII, fig. 8.)

Three right valves represent this species in the present collection.

Two are preserved in a fine-grained sandstone, while a third is from
an arenaceous and micaceous shale. One of the sandstone-specimens
is taken as the type. The valve is broadly ovate, widest in front,

moderately convex, width more than half the length. Hinge-line
about equal to the width of the valve. The nuchal furrow starts

near the middle of the hinge-line, curving outward and forward to

the margin. Cephalic area marked by a node (the maxiliar?)
adjacent to the hinge, with triangular base, a much larger lobe (the

mandibular), about four times the size of the smaller one, occupying
the remainder of the area. One of the specimens has two minute
lobes (the antennal) in front, at the inner extremity of the mandi-
bular lobe.

The thoracic region has two subequal transverse lobes adjacent
to the nuchal furrow, between the hinge and the carina. The
carina starts near the anterior ventral angle and makes a sigmoid
curve, extending along the ventral border; then, following parallel

to the posterior margin, it turns forward over the middle of the
valve, and becomes obsolete before reaching the lobes.

The surface of the cephalic and thoracic lobes is marked by minute
pustules, and the summit of the carina has one or two rows of similar

pustules. The border of the valve is somewhat thickened and
reilexed, but is apparently without ornamentation.

Abdomen and postabdomen unknown.
The type-specimen, consisting of a right valve, has a length of

13 millimetres and a width of 9 mm.
Distribution.—In the sandstones and shales of the Waverly

Group of the Lower Carboniferous, near Warren (Pennsylvania).

This species much resembles the Devonian E. socialis, but may be
readily distinguished by the form and arrangement of the nodes and
carina, and by its less highly ornamented surface. The specific

name is given in honour of the veteran geologist of Warren County,
Mr. F. A. Randall.

Echinocakis Clakkii, sp. nov. (PI. XVIII, fig. 9.)

The only specimen of this species thus far obtained is a nearly

complete individual, with the carapace, abdomen, and postabdomen
connected. The valves seem to have been quite tenuous, except

along the margin, and have suffered from compression, so that the

precise number and form of the nodes cannot be determined.

The valves are nearly elliptical in outline, with the margins

considerably thickened, reflexed, and angulated. The outer margin
is denticulate around the entire free edges of the valves, and there

are also minute nodes along the angulation in the posterior and
anterior regions. A nodose carina extends nearly parallel to the

ventral border, and a row of granules is present in the mid-thoracic

area.
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The abdominal segments are not well preserved, but appa-
rently did not differ much in length, and were without conspicuous

ornamentation. The telson and cercopods were evidently quite

similar to the same structures in E. socialis from the Chemung
Group (Devonian).

The type-specimen has a length of 25 millimetres, of which about
6 mm. pertain to the postabdomen, 9 mm. to the abdomen, and
10 millimetres to the cephalothorax.

Distribution.—In the shales of the Waverly Group, Lower
Carboniferous, near Warren (Pennsylvania).

The denticulate border of the valves at once distinguishes this

form from any other that belongs to the genus Echinocaris. In this

character, it is exceeded by the curious Pephricaris horripilata of

Clarke,
1 which also has a postabdomen of entirely different form,

and is without the curved sigmoid carina so characteristic of

Echinocaris. This species is dedicated to Dr. John M. Clarke,

State Palaeontologist of New York, who has contributed so much
to a kuowledge of the American fossil Phyllocarids.

Tropidocaeis.

Since the present material affords a number of structures hitherto

lacking, and necessary for a consideration of the relations and
affinities of Tropidocaris with other genera, it is now possible to

define this genus quite fully.

The valves of the carapace are obliquely truncate behind,

marked by one or more longitudinal carinas, separated by a median
lanceolate plate along the thoracic region, and by an elongate rostral

plate in the cephalic region. Cephalic area not strongly marked,

but generally indicated by indistinct rounded elevations, or by a

difference in convexity from the remainder of the valve ; ocular node

usually at the end of a short carina, and with a minute pit at the

summit. Abdomen with two exposed segments, cylindrical in

form. Caudal plate short, with telson-spine shorter than the

cercopods.

Type, Tropidocaris bicarinata, Beech er.

Hall & Clarke- first showed the existence of a rostral plate in

Tropidocaris, and this, together with the recent discovery of the

median lanceolate plate, necessitates the removal of the genus

from the Echinocaridae. The same structures are here shown in

EJi/mocaris ; hence this, too, will have to be placed with Tropido-

caris in another family. In Eastman-Zittel's ' Text-Book of Palaeon-

tology' (1900) p. 657, Clarke established the suborder Ehinocarina

for Phyllocarida possessed of these distinctive features. The single

family of this suborder, the Khinocaridae (Clarke), was made to

comprise the genera Ehinocaris, Clarke, and Mesothyra, Hall &

1
' Notes on some Crustaceans from the Chemung Group of New York '

NY. State Mus. 49th Ann. Eep. 1895, vol. ii [1898] pp. 731-33.
2

' Palaeont. of N. Y.' vol. vii (1888) p. 184.
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Clarke, and, as at present constituted, may also include both Tropido-

caris and Elymocaris.

Thus far, each discovery of additional characters for the genera
now grouped in the Ehinocaridee has resulted in strengthening

their likenesses and eliminating their differences ; and it may be
reasonably questioned whether they are all morphologically distinct.

The structural elements of the cephalothorax are the same, and the

genera seem to differ chiefly in the presence or absence of carinas,

the number of these, the character of the truncation of the posterior

ends of the valves, and the number of exposed abdominal segments.

It is not within the proper scope of this paper to attempt a revision of

the generic and specific synonymy of both American and European
forms. A brief review of the literature, in connection with the

study of a considerable collection representing a large part of the

Hamilton and Chemung species, leads to the conclusion that there

are distinct groups of species to which most of the existing generic

names may be applied. A number of characters, however, such as the

presence of the rostrum and the median lanceolate plate, hitherto

serving for generic distinction, must now be considered as of patro-

nymic or subordinal value.

Dithyrocaris has been shown by Jones & Woodward l
to have a

median dorsal ridge, consisting of a carinate narrow plate apparently

superimposed over the inner edges of the valves. No rostral plate

has yet been discovered, though it is quite evident that this genus
should be included in any discussion of the members of the family

Rhinocaridse.

Tropidocaris bicarinata. (PI. XIX, figs. 1-5.)

Tropidocaris bicarinata, Beecher, ' Ceratiocaridae from the Chemung & Waverly
Groups of Pennsylvania ' 2nd Geol. Surv. Penn. vol. PPP (1884) p. 16 ; Hall &
Clarke, ' Palseont. of N. Y.' vol. vii (1888) p. 184.

The new features to be added to this species are of considerable

interest and morphological value. First among these may be

mentioned a small node or spot in each valve, a little behind the

so-called optic node, from which a number of vascular lines
extend backward radially over the surface. One line curves inward,

meeting the hinge near the posterior end ; while the others seem
to be confined between the two principal carinas, and occasionally

are branched at their ends. A similar vascular marking has been

observed by Clarke 2 in Hhinocaris columbina, var. livonensis, Clarke,

from the salt-shaft at Livonia (N.Y.), and is also present in

specimens collected by me from the Cayuga-Lake section. They
show the lines originating near the hinge, a little dorsal to the optic

node. Obviously, these vascular markings are indicative of some
important internal organ. Their position posterior to, and outside

of, the cephalic area, with their point of origin at or near the lineof

attachment of the abdomen with the carapace, is precisely the same

1 Monogr. Pal. Soc. • British Palaeozoic Phyllopoda ' pt. iii (1898) p. 131.
2

' Devon. Phyllocarida IV. New York ' [No. 3 of ' Notes on Palseoz. Crustac.']

N.Y. State Mus. Kep. State Pal. for 1900 (1901) App. iii, p. 100 & pi. iv, fig. 14.
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as that of the shell-gland or renal organ of Apus. It seems safe to

offer this suggested homology, since it invests an external character

with some definite physiological meaning, instead of allowing it to

stand as a fortuitous feature of little or no significance.

In this connection, an enquiry may be made as to the nature of the

so-called optic nodes. It maybe stated that they are most strongly

developed in members of the family Rhinocaridoe, and are well shown
in the species under discussion. Their position is at the posterior

end of the short carina lying anteriorly between the two great carinse.

The summit of the node has a minute pit, called the optic pit.

INo positive information is as yet attainable as to whether or not

these nodes are real visual organs. It is the most natural conclusion

to reach, but, as the living Nebalia (which is analogous in many
points of structure with these fossil rostrate forms) possesses inde-

pendent stalked eyes in front of the first pair of antennae, it is possible

that another interpretation should be given. As a mere postulate,

I would suggest that they are infolded points of the test to form
muscular fulcra or apodemes for attachment of the muscles moving
the mandibles.

Besides the two nodes already discussed, there is still a third and
much larger one lying outside the shell-gland, and bisected by the

large submedian carina of each valve. I can suggest no obvious

homology for this lobe, although it doubtless corresponds with some
large organ or ventral appendage.

As already noted, Hall & Clarke 1 proved the existence of the

rostrum in this species. It is a narrow lancet-shaped plate,

with a strong carina along the middle. The presence of a median
lanceolate plate is now determined, as shown in PI. XIX, fig. 5.

It extends from as far forward as the optic nodes to the posterior

end of the hinge, and is widest across the anterior fourth. Like

the rostrum, it is marked by a strong longitudinal carina, and has

a chevroned ornamentation, with the lines pointing backward.

The only specimen yet found that preserves the abdomen in con-

nection with the carapace is represented in PI. XIX, fig. 3. In this

example, only a part of the ultimate abdominal segment is exposed,

together with the telson and cercopods. Detached abdominal portions

have been found, showing two segments in front of the telson, and
this probably represents the number capable of extension beyond the

carapace, the others being unprotected by a strong chitinous test.

The ultimate segment is about twice as long as the one in front, and

is marked by a chevron-pattern, as shown in PI. XIX, figs. 1 & 2.

On the dorsal side, the direction of the lines is forward ; while, on

the ventral side, they point backward, and are considerably finer and

more numerous.

The youngest examples possess valves measuring about 6 milli-

metres in length. They are proportionately wider than in fully adult

individuals, but clearly preserve their specific features. The surface

of the valves is covered with fine, wavy, discontinuous, raised lines.

1 ' Pakeont. of N. Y.' vol. vii (1888) p 184.
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The three characteristic nodes are present, though as yet there are

no vascular lines developed from the one homologized with the

crustacean shell-gland. The largest carapace measures 35 millimetres

in length.

Teopidocaeis alteenata. (PI. XIX, fig. 6.)

Tropidocaris alternata, Beecher, ' Ceratiocaridae from the Chemung & Waverly
Groups of Pennsylvania ' 2nd Geol. Surv. Penn. vol. PPP (1884) p. 19 ; Hall &
Clarke, ' Paheont. of N. Y.' vol. vii (1888) p. 186.

When this species was originally described, but two imperfect

valves were known, and the diagnostic features consisted mainly in

the considerable number of strong alternating carinae. A single,

though quite perfect, left valve has since been found, which gives

the complete outline of the valve, as well as the number of carinae.

The general proportions and outline are not unlike those in Tr.

bicarinata, but from the ventral half of the posterior margin there

are two sharp spiniform extensions, the dorsal one being some-
what the larger. These spines are in line with the fourth and sixth

carinae, as counted from the hinge. There are seven carinae running
nearly the whole length of the valve, the fifth one extending to the

anterior apex or prora. Of these seven, three are much stronger

than the others, and are marked by a double row of minute pits

along their summits. In the cephalic region, there are four or

five short interpolated carinae, and, on the anterior ventral border,

there are two more, becoming obsolescent before reaching the

posterior end of the valve. The number and arrangement of the

nodes in the cephalic area are not easily made out, though, in their

main features, they apparently agree with Tr. bicarinata.

The specimen here described measures 34 millimetres in length
along the dorsum, and 13 mm. in width across the middle. It has
thus far proved to be a rare species in the sandstones of the Waverly
Group at Warren (Pennsylvania), and has not been noticed else-

where.

Elymocaeis.

In this genus, as in Tropidocaris,, the cephalothorax is now known
to be made up of four parts—the two valves, the median lanceolate

plate, and the rostrum. The abdomen has two exposed segments,
and three or four others are concealed beneath the carapace.

Type, Elymocaris siliqua, Beecher.

Elymocaeis siliqua. (PI. XIX, figs. 7 & 8.)

Elymocaris siliqua, Beecher, 'Ceratiocaridae from the Chemung & Waverly
Groups of Pennsylvania ' 2nd Geol. Surv. Penn. vol. PPP (1884) p. 13 ; Hall &
Clarke, ' Palaeont. of N. Y.' vol. vii (1888) p. 182.

The new material shows the detailed characters of the rostrum
and median lanceolate plate in a very satisfactory manner. The
rostrum projects slightly beyond the points of the valves, extends
backward as far as the optic nodes, and is widest at about the
posterior third of its length

; surface with two longitudinal carinae,

one on each side of the middle. The median lanceolate plate is
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widest just in front of the mid-length, and has a single carina orna-

mented with a chevron-pattern of oblique strise directed forward.

The specimen illustrated in PI. XIX, fig. 7, has the abdomen
detached, and lying along the ventral border of the carapace. The
distal somites are those which are normally exposed, the others in

front being considerably shorter, with a progressively thinner test.

Altogether, there are six somites preserved in front of the post-

abdomen. The four anterior somites have a single, deep, lateral,

longitudinal groove, which is not produced by compression as is a

similar appearance shown on the two posterior segments. On the

ventral side, there are thickenings and infoldings of the test, pro-

bably for the attachment and support of muscles.

The mandibles, or gastric teeth, are short, triangular, and
without cusps, closely resembling those in Echinoccwis socialis.

The valves range in length from 8 to 33 millimetres.

Distribution.—All the known specimens have been obtained

from the Phyllocarid-Beds of the Chemung Group (Upper Devonian),

at Warren (Pennsylvania).

EXPLANATION OF PLATES XVII-XIX.

[The specimens illustrated in these plates are in the collections of

the Yale University Museum, New Haven, Conn.]

Plate XVII.

Echinocaris socialis, Beecher.

A large and nearly entire individual : showing the form and ornamentation

of the carapace, the six abdominal somites, with the telson and right

cercopod. Enlarged 2 diameters. Chemung Group, Upper Devonian.

Warren (Pennsylvania).

Plate XVIII.

Echinocaris socialis, Beecher.

Fig. 1. A specimen preserving the carapace and abdomen entire: showing the

mandibles projecting in front. Enlarged 2 diameters.

2. A similar example, with the mandibles also exposed. Enlarged 2 dia-

meters.

3. The postabdomen, with one abdominal somite : showing the form and
length of the telson and cercopods. Enlarged 2 diameters.

4. The dorsal side of a single somite. Enlarged 4 diameters.

5. The ventral side of the same.

6. Anterior-end view of the same.

7. The mandibles, as found on the underside of a carapace. Enlarged

4 diameters.

Chemung Group, Upper Devonian. Warren (Pennsylvania).

Echinocaris Bandallii, sp. nov.

Fig. 8. The right valve : showing the form and disposition of the nodes and

carina. Enlarged 2 diameters.

Waverly Group, Lower Carboniferous. Warren (Pennsylvania).

Echinocaris Clarkii, sp. nov.

Fig. 9. The type-specimen : showing the general form and proportions.

Enlarged a little more than 2 diameters.

Waverly Group, Lower Carboniferous. Warren (Pennsylvania).
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Plate XIX.

Tropidocaris bicarinata, Beecher.

Fig. 1. The dorsal side of the ultimate abdominal segment : showing the

chevron-arrangement of the lines. Enlarged 4 diameters.

2. The ventral side of the same.

3. An individual with the abdomen and postabdomen in position : showing
the carinas on the carapace, the optic node, and the vascular lines

radiating from the supposed shell-gland. Enlarged 2 diameters.

4. The right valve of a young individual. Enlarged 4 diameters.

5. The cephalothorax : showing the same features on the valves as the

preceding, and, in addition, the rostrum and the median lanceolate

plate. Enlarged 2 diameters.

Chemung Group, Upper Devonian. Warren (Pennsylvania).

Tropidocaris alternata, Beecher.

Fig. 6. An entire left valve : showing the numerous alternating carinas and
posterior spiniform extensions. Enlarged 2 diameters.

Waverly Group, Lower Carboniferous. Warren (Pennsylvania).

Elymocaris siliqua, Beecher.

Fig. 7. A specimen with the valves closed and the abdomen detached. En-
larged 2 diameters.

8. A specimen with the valves open : showing the rostrum and median
lanceolate plate in position. Enlarged 2 diameters.

Chemung Group, Upper Devonian. Warren (Pennsylvania).
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I. Introductory.

In a paper read before this Society in the year 1896,
1
I described

a series of Glacio-Eluviatile deposits which, occurring at varying

altitudes in the Limmat Valley above, near, and below Zurich, and
being the indirect product of the first general advance of Alpine

glaciers in Upper Pliocene times, appeared to show that, at the

time of their formation, not only the great Alpine but also the

principal Subalpine river-valleys of Switzerland had already been
eroded approximately to their present depth, while the lake-basins

came into existence at a later period.

The study of a large number of other deposits in the lower parts

of the Limmat and Aare Valleys, and along the Rhine above and
below its junction with the Aare, and, further, of various deposits

of so-called ' alluvion ancienne ' in the Rhone Valley between
Lausanne and Lyons, have, however, led me to modify my con-

clusions with respect to the configuration of Subalpine Switzerland

and France towards the end of Tertiary times ; and the object of

the present paper is to lay briefly before the Society the further

evidence that I have thus collected, together with some con-

elusions which it tends to warrant.

II. Deposits in the Limmat, Aare, and Rhine Valleys. (Figs. 1-5.)

(1) In the paper already quoted, I showed that, as regards the

district immediately above and below Zurich, the deposits of

the conglomerate now generally known as ' Deckenschotter ' form

a chain along the summit-line of the range of hills on the left

of the present Limmat Valley." Beginning at the base of the

1 Quart. Journ. Geol. Soc. toI. lii, pp. 556 et seqq.

2 In that paper I mentioned, among others, several low-level deposits

embedded in the Limmat Valley, which, from the partial or surface-cementation

of the gravel to a loose Nagelfluh conglomerate, appeared to be Deckenschotter,

but which recent comparison with more extensive and conclusive exposures

similarly embedded in the lower parts of the Limmat, Aare, and Ehine Valleys,

now leads me to assign to the terrace-gravels of the two younger or Pleistocene

glaciations. This applies to the deposits near Baden and Wettingen, close to

the river-level {op. cit. pp. 560 & 563), near Hongg and Kiissnacht (p. 5Q5),

and in the Au peninsula on the Lake of Zurich (p. 567).
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Alps, the first links in that chain are the extensive deposits of the

Lorze Valley near Zug, of the Sihl Valley between the Zug and
Zurich lake-basins, and of Altschloss and Gehren near Wiidenswil,

on the hills flanking the Lake of Zurich. All these three deposits

lie in a synclinal fold or zonal subsidence which occurred subse-

quently to their formation, and to which the lake-basins along the

base of the Alps owe their existence.

The next links in the chain are the deposits on the Albis range
of hills flanking the Lake of Zurich, including the classic deposit on
the summit of the Uetliberg ; and upon these follow the deposits

on the Heitersberg hills, of Teufelskeller and Baldegg near Eaden,
and of the Gebensdorfer Horn near Turgi. Of these last-named
three deposits, that of Teufelskeller again lies in a synclinal fold of

the Molasse, which occurred subsequently to the formation of that

deposit, that is, at the time of the raising of the Jurassic Lagern
ridge as the result of the last thrusting and folding of the Jura
range, of which the Lagern is an offshoot crossing the Limmat
Valley almost at right-angles.

It is a noteworthy fact that, of all these deposits of Decken-
schotter, only those of the Lorze Valley, of the Albis, and of the

Uetliberg rest upon moraine, while those from the Uetliberg down-
ward to the Gebensdorfer Horn rest directly upon Molasse ; thus
showing that the Pliocene glaciation in that district probably did

not extend beyond the Uetliberg. 1

(2) Having thus given a short summary of the Deckenschotter
deposits already dealt with in my previous paper, I now pass to

the deposits which I have more recently examined. In briefly

reviewing these, I need not recapitulate the leading characteristics

of the Deckenschotter or Pliocene conglomerate, as distinguished

from the Miocene ^agelfluh on the one hand, and the Pleistocene

gravels and loose conglomerates on the other, since these charac-
teristics were fully described in my previous papers.

2

(3) At the confluence of the rivers Aare, Eeuss, and Limmat, near
Brugg and Turgi, there occur, opposite the Gebensdorfer Horn,
which forms a wedge between the Reuss and the Limmat, two
extensive Deckenschotter deposits— one on the Bruggerberg, on
the left of the Aare, and the other on the Siggenberg, on the right
of the Limmat. In both cases the Deckenschotter, from 30 to

50 metres 3
in depth, and overlain by moraine, rests directly upon

1 Prof. Miihlberg, of Aarau, mentions a deposit of old Grlacial gravel in the
valley of the Wyna, an affluent of the Aare, on a cliff called the ' Wandfluh,
near Zezwyl, the conglomerate resting upon Molasse and being overlain by
moraine at an altitude of 700 metres (Festschrift, Aarau, 1869, p. 96). This
deposit, which I have examined, occurs in a line with the Uetliberg Decken-
schotter, and is probably of the same age as the latter.

2 Quart. Journ. Geol. Soc. vol. li (1895) pp. 369 et seqq., & vol. lii (1896)
pp. 556 et seqq.

3 The depths of the various deposits and all the altitudes in the present
paper are given in metres, as they correspond with the Swiss contour-map
on the 1 : 25,000 scale.
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Molasse at about the same contour as the precisely similar deposit

on the Gebensdorfer Horn, that is, at the 500-metre contour, or,

roughly, about 200 metres above the present river-level. About
6 miles farther down the Aare Valley, between the villages of

Leuggern and Leibstadt, not far from the junction of the Aare and
the Rhine opposite Waldshut, there occurs, again on the left of the

Aare, another considerable deposit of Deckenschotter, about 30 metres

in depth, which rests directly upon Muschelkalk and Keuper, the

contact with the underlying rock being, as in the other cases just

mentioned, at about the 500-metre contour.

(-1) Passing from the confluence up the Rhine Valley, we find, in

a distance of less than 20 miles, and chiefly on the left of the river,

a whole series of hills capped by more or less extensive deposits

of Deckenschotter. Among these are more especially noteworthy
the deposits near Zurzach, near Siglisdorf, the large deposit on the

flat, dome-shaped hill called Egg, about 5 miles south of the Rhine
;

again, the deposits near Kaiserstuhl, on the Stadlerberg, on the

heights near Weyach and Glattfelden; and, lastly, the large deposit

which caps Mount Irschel, a conspicuous hill on the left bank of

the Rhine, about 13 miles south of Schaffhausen. 1 In all these

cases the Deckenschotter, composed of Alpine material, and in some
cases overlain by moraine, rests directly upon Molasse at contours

gradually rising from 500 to 650 metres, the maximum being

that of Mount Irschel. The conglomerate has a fairly uniform
thickness of 20 to 30 metres, with the exception of the Zurzach
deposit in the wedge between the Rhine and the Aare, where the

Deckenschotter rests upon Dogger, and has been denuded down to

Fig. 2.

—

Section across the Rhine Valley, south-ivest of Waldshut.

Black Forest or .Baden side Swiss side

S.W. of WaldshmL-

_^ Loess

500 m
"

near Leibstadt.

Deckenschotter
500 m.

.Black Forest Gneiss

Del. D.R.P. 300 metres

about 10 metres in depth. The average height of the contact of all

these deposits with the underlying rock is about 200 metres, and,

in the case of Mount Irschel, about 350 metres above the present

level of the Rhine.

(5) Several Deckenschotter-deposits, from 15 to 25 metres thick,

also occur on the right bank, or Black-Forest side of the Rhine,

1 The Kohlfirst, a hill immediately south of Schaffhausen (see fig. 1, p. 452),

is also capped by Deckenschotter, the contact with the underlying rock being

at about the 570-metre contour.

Q.J.G.S. No. 231. 2 1
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between Waldshut and Lanfenburg, near Doggern, Kiesbach,

Albbruek, and Hauenstein, the contact of the Deckenschotter with

the underlying Triassic rock and Black-Forest gneiss varying

from contour 500 near Waldshut down to 430 metres near

Laufenburg. 1 That is, they occur at practically the same altitude

as the corresponding Deckenschotter-deposit near Leibstadt and
Leuggern, on the left or Swiss side of the valley, as is shown in the

cross-section (fig. 2, p. 453). The Aarberg, a hill immediately east

of "Waldshut, is also capped by Deckenschotter resting upon Triassic

rock : and still farther east, near Dangstetten, there is another

similar deposit. The geological maps of the district designate those

deposits roughly as ' Glacial/ without discriminating between them
and the younger gravels at lower altitudes ; but their position, as

well as the fact of their being composed of Alpine material—chiefly

grey limestone, diorite, and quartzite,—leaves no doubt as to their

connection with the Deckenschotter-deposits on the left, or Swiss,

side of the valley. It is only in the deposits nearest Laufenburg

and towards Bheinfelden that Black-Forest material, easily recog-

nizable by the considerably larger size of the pebbles, begins to

be extensively mixed with Alpine material on both sides of the

valley. A notable instance on the Swiss side is an extensive

Deckenschotter-deposit on the Berg, a hill between BJieinfelden

and Kaiserangst, about 10 miles east of Bale, where the Decken-
schotter (which is overlain by moraine) rests upon Triassic rock

at about contours 360 to 370 metres, or 100 metres above the

present river-level (263 metres).

(6) The evidence thus furnished by the various deposits points to

the following conclusions :

—

(i) The deposits indicate, in an almost unbroken outline, the

former existence of a Deckenschotter-cone extending,

at the time of the Upper Pliocene glaciation, from the

base of the Alps in a north-westerly direction over a

distance of about 60 miles, and radiating from an ice-

sheet the maximum extension of which probably did not

reach beyond a line drawn from the Uetliberg to Mount
Irschel.

(ii) The Deckenschotter-cone, largely composed of retransported

material derived from Miocene Nagelfluh, had a fall of

about 6 metres per kilometre (say 32 feet per mile),

and was formed by the waters of the western branch
of the Pthine Glacier then emerging through the Walensee
defile, and reinforced by the Linth, Sihl, and Lorze
Glaciers.

2

1 An interesting monograph on the Rapids of the Rhine at Laufenburg,
showing a former canon of the river at some distance from the present bed,
has recently been published by Dr. H. Walter (' Stromsehnelle von Laufen-
burg' Abhandl. Naturf. Gresellsch. Zurich, 1902, pp. 232 et seqq.).

2 The Lorze, descending from the Rossberg, formed at a later period part of
the Reuss drainage-area.
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(iii) The fact that the oldest Deckenschotter-deposits in situ—
with the exception of two deposits now lying in a

synclinal fold— invariably and uniformly crown the

Molasse-ranges and isolated hills of the district, warrants

the inference that the Glacio-Fluviatile material Iwas

Fig. 4.

—

Section of Dec~kensehotter-cleposits, from Bruggerberg to

Mount Irscliel.
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Fig. 5.

—

Section of Decl-enschotter-deposits, from Doggem to

Mount Irscliel.
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deposited on a Subalpine plateau, which, being inclined

north-westward, determined the direction of flow of the

masses of water descending from the glaciers and their

drainage-areas.
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(iv) The fact that the Deckenschotter-deposits occur on both

sides of the Aare Vallej^, at Brugg, Turgi, and near the

junction of the Aare with the Rhine, as well as on both

sides of the latter river, warrants the further inference

that, towards the end of the Plioceue Period, when the

Deckenschotter was deposited, the Subalpine valleys of

the Rhine, Aare, Limmat, and Reuss could not have

existed in their present form and depth : the less so, when
it is considered that the contact of the Deckenschotter

with the underlying rock at those points is at about the

500-metre contour, while the present Lakes of Zurich,

Zug, Lucerne, and Neuehatel are respectively at contours

409, 417, 437, and 435 metres. Even the Lake of

Thun lies only at the 560-metre contour, that is, at a

level which, to give a minimum ratio of fall from Thun
to Turgi of 1 metre per kilometre (or 5| feet per mile),

should be at least 230 metres higher. 1 The same holds

good with regard to the Lake of Constance, in relation to

the deposits of Deckenschotter on both sides of the Rhine
between Waldshut, Laufenburg, and Rheinfelden, where
the contact of the conglomerate with the underlying rock

varies between the 450- and 370-metre contours, while the

lake-level is only at the 398-metre contour. The ratio of

fall is thus totally inadequate: even according to the

average fall of the present river,
2
the difference of level

should be at least 140 metres.

III. Deposits in the Rhone Valley. (Figs. 6-12.)

(1) In the Rhone Valley, the enormous accumulations of Glacial,

Glacio-Fluviatile, and inter-Glacial material render the distinction

between the products of the three glaciations much more com-
plicated and difficult than in the North of Switzerland; the more
so as, both in France and Switzerland, the geological maps still

designate all the Glacial deposits indiscriminately as ' Quaternary

'

or ' Diluvium/ It is due to French geologists, notably to F. Fon-
tannes 3 and Fr. Delafond,4 that the gravels and allied alluvia

of South-eastern France were classified in ' alluvions anciennes

'

or ' des plateaux ' (which were, however, regarded as pre-Glacial),
' alluvions des terrasses,' and 'alluvions des vallees

'
; a classification

which, provided the Glacial or Glacio-Fluviatile origin of the
' alluvion ancienne ' be accepted, corresponds to the Decken-
schotter, Upper- and Lower - Terrace Gravels, respectively, of

Northern Switzerland.

(2) About 5 miles north-east of Lausanne, 5 not far from the road

1 The present fall = 230 metres in about 220 kilometres.
2 The present fall = 140 metres in about 150 kilometres.
3 Bull. Soc. Geol. France, ser. 3, vol. xiii (1884-85) pp. 59 et seqq.
4 Ibid. ser. 3, vol. xv (1886-87) pp. 65 et seqq.
5 See footnote Q) p. 459.
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to Savigny, and about 300 yards south of a group of houses called

' les Cases,' there is a quarried exposure of Deckenschotter con-

glomerate about 20 metres in depth and at about the 800-metre
contour, that is, practically on the plateau. This deposit is probably

part of a much more extensive occurrence of Deckenschotter in situ,

and derives special interest and importance from the fact that it is

met with at an altitude of fully 400 metres, or about 1300 feet' above

the present Lake of Geneva.

The next important exposure of Deckenschotter occurs about

4 miles north-east of Rolle, 1 immediately below the Trigonometrical

Survey point called Signal de Bougy (709 metres above sea-level).

There a cliff of Deckenschotter, varying from 20 to 30 metres in

thickness, and resting upon Molasse, extends for some distance at

about the 650-metre contour, or 300 metres above the present

lake-level.

These two deposits exhibit all the characteristics of Decken-
schotter, and their occurrence at practically the same elevation

above sea- and lake-level as the Albis and Uetliberg deposits near

Zurich invests them with special significance.

(3) On the heights above Bellegarde l
(right bank of the Rhone),

near Chatillon, there occur, at contour 450 to 500, that is about

200 metres above the present valley-floor,2 extensive deposits of

Deckenschotter-congiomerate similar to that of Lausanne and
Kolle. These deposits thus appear to constitute the link between
the Lausanne deposits and those of the Dombes district east of

Lyons.

(4) The plateau of the Dombes, forming an irregular quadrangle
between Lyons, Thoissey, Bourg, and Meximieux, and extending to

a distance of about 25 miles north and east of Lyons, is composed
of blue marine marl of Middle Pliocene age, which is covered

by a sheet of reddish conglomerate about 20 metres thick,

generally passing into and resting upon sand of the same colour,

and overlain by clayey morainic, and, therefore, more or less

1 My attention was first drawn to these deposits by Prof. Renevier, of

Lausanne, who, however, was then disposed to regard them as either inter-

Glacial or pre-G-lacial. The extensive gravel-bank of the Bois de la Batie, near
the junction of the Rhone and Aare at Geneva, is, in my view, inter-Glacial ; and
the same applies to the Dranse deposit near Thonon, both being at low altitudes

and overlain by moraine of the third glaciation. A. Favre describes the former
as ' pre-Glacial ' ('alluvion acqueuse') and the latter as ' Glacial' in his
' Recherehes Geol. Savoie ' vol. i (1867) pp. 89 & 78.

- It is interesting to note that, as early as 1859, Venetz (Soc. Helv. Sci. Nat.
Nouv. Mem. vol. xviii) endeavoured to show that the Phone Glacier had
advanced three times. The first advance (in Pleistocene times) was beyond the

Jura, when the Bellegarde Valley was, according to his estimate, at least 200
metres higher than now ; the second, to the foot of the Jura, as far as Soleure

;

and the third, as far as Noville, at the head of the present Lake of Geneva.
A fourth local advance occurred, in his opinion, towards the end of prehistoric

times, as far as Obergestelen, in the Upper Phone Valley.
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impermeable surface-soil.
1

It is in that ' conglomerat ferrugineux
'

of the Dombes that Elephas meridionalis and Mastodon arvern-

ensis were found by Fontannes,2
to whom thus belongs the merit

of haying fixed the Upper Pliocene age of that conglomerate, and
thereby, although unwittingly, that of the first glaciation of the

Alps of which that conglomerate is the indirect product—although
he regarded it as pre-Glacial, and others (for example, A. Falsan
and E. Chantre) 3 classed it with the Quaternary Glacial alluvia.

Fig. 8.

—

Section of Alluvion Ancienne across the Dombes plateau,

from the Saone to the Rhone.

S.VT

M.5C0

5 300

Del. D.R.P.

20 30

/: 1,250,000

50 Km.

N.E.

There are a good many fairly uniform exposures of the con-
glomerate along the vine-clad slopes of the Saone and Rhone
Valleys, and also in the Valley of the Ain, the conglomerate
appearing generally about the 300-metre contour, although on the
diagonal divide of the Rhone and Saone watersheds, running in a
line from Lyons to Pont d'Ain, it reaches occasionally the 350- to 400-
metre contour. The section taken by myself at a point near Fontain es

7

on the left of the Saone, about 6 miles north of Lyons, between
Fontaines and Sathonay (fig. 7, p. 460), does not differ materially from
the section, between Meximieux and the Rhone, given by Delafond. 1

At Lyons itself, the conglomerate reaches to the high-level Croix-
Rousse quarter in the wedge between the Rhone and the Saone,

1 The Dombes is often considered as part of the Bresse district : hence Elie
de Beaumont called the Dombes conglomerate ' conglomerat bressan.' The
Bresse district, north of the Dombes, is, however, a distinct and somewhat
lower plateau (about the 200-metre contour), much more intersected and
eroded by watercourses, but otherwise of similar structure and composition,
the conglomerate being chiefly composed of Vosges material.

2 Bull. Soc. Geol. France, ser. 3, vol. xiii (1884-85) p. 60.
3

' Monogr. geol. des Anciens Glaciers ' vol. ii (1880) pp. 65 et seqq.
4 Bull. Soc. Geol. France, ser. 3, vol. xv (1886-87) p. 63.
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about 130 metres above the present level of those rivers, which is

at the 170-metre contour. 1

(5) But the most noteworthy and significant feature as bearing
on the subject of this paper, consists in the fact that extensive
deposits of the same conglomerate occur not only on the left of
the Saone, but also on the hills crowning the right bank of that
river and of the Rhone in the immediate vicinity of Lyons. It
occurs in extensive deposits on the upper flanks of Mont d'Or,
immediately north of Lyons; it overlies the gneiss of the well-
known hills of Lyons itself, that is, of Fourviere, St. Irenee, and
Ste. Foye, to a depth of about 20 metres, being overlain, in its turn,
by 20 to 30 metres of moraine ; and it is also met with west of
Fourviere, on the heights of Ecully, whence it extends to the
heights above Oullins, on the Rhone, below the junction of the

Fig. 11.

—

Section of Alluvion Ancienne, from Oullins to Sathonay,
near Lyons.

M.400

Del. D.R.P

two rivers. 2 The contour at which these deposits of the ' alluvion

ancienne ' appear is somewhat lower than that of the deposits of

Croix Rousse and of the Dombes—namely, 230 to 2.90 metres.

The material of all the deposits, both near Lausanne and near

Lyons, is derived from the Alps, that of the Dombes and Lyons
deposits being considerably more decomposed : hence the predomi-

nance of quartzite.

1 The moraine of Croix Housse and Sathonay, which overlies the con-
glomerate, abounds in Alpine blocks of enormous size, many of the excavated
blocks reaching 10 cubic metres, or 25 tons in weight.

2 A branch, if not the whole of the Rhone and Saone, formerly passed west
of Fourviere, that hill, together with St. Irenee and Ste. Foye, forming then
an island. The confluence of the two rivers appears to have been at one time
considerably above, at another time considerably below the present junction at

Lyons.
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(6) The Rhone-Valley deposits of Deekenschotter which I have

thus briefly described point to the following- conclusions :

—

(i) The deposits indicate the existence, during and immediately

after the Pliocene glaciation, of an extensive alluvial cone

of Glacio-Fluviatile material, extending from Lausanne
to Bellegarde, the Dombes district, and Lyons, that is,

over a distance of about 160 kilometres (100 miles), and
reaching to the right banks of the present Saone and
Rhone Valleys,

(ii) The cone was deposited on a plateau the altitude of which
was about 800 metres near Lausanne, 450 to 500 metres

near Bellegarde, and 300 metres near Lyons. It had thus

a fall of about 3 metres per kilometre (or, roughly, 16 feet

per mile), 1 and was formed by the waters of the Rhone
and Arve Glaciers, the maximum extension of which
probably did not reach beyond the present confluence of

those rivers at Geneva,

(iii) The fact that the deposits occur on the heights of both

banks of the Saone and of the right bank of the Rhone,

even below the junction of the two rivers, affords

proof that, at the time of the formation of the alluvial

cone, the valleys of those rivers could not have existed

in their present form and depth. The contour of 300
metres, at which the conglomerate appears both on the

Dombes plateau and at Lyons, further tends to prove

that neither the basin of the Lake of Geneva, nor that of

the Lac du Bourget, whose present altitudes are 373 and
235 metres respectively, could have existed in their present

form and at their present level, the minimum ratio of fall

requiring that their level should be at least 200 metres

higher. The same applies even to the basin of the Lake
of Annecy, the present level of which is at 443 metres,

while the deposits near Bellegarde and Chatillon appear

at contours 450 to 500, and near Seyssel (the junction of

the River Tier with the Rhone) would be about 440 metres,

the fall being thus altogether insufficient.

IV. General Conclusions.

(1) If the evidence of the two precisely analogous and con-

temporaneous phenomena of extensive Pliocene Glacio-Fluviatile

alluvia deposited on the Subalpine plateaux of North-western
Switzerland, and of the Rhone Valley between Lausanne and
Lyons, is conclusive, it follows that at the advent of, and imme-
diately after, the Pliocene glaciation, the principal river-valleys of

1 it will be noticed that the inclination of this Deckenschotter-cone is only
half of that of North-western Switzerland. Yet it is considerably steeper than
the general inclination of younger alluvial cones, and is, in this respect, charac-

teristic of Deekenschotter. The mean fall of the present Rhone from the Lake
of Geneva to Lyons (200 kilom.) is 1 metre per kilometre, or 5| feet per mile.
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Subalpine France and Switzerland, including the lake-basins, could

not have been already eroded to their present depth, but were as

yet in their initial stage of formation as shallow depressions, the

valley-floors being in the lowlands from 100 to 200 metres, and in

the upper parts as much as 400 metres higher than in our own day.

It follows, further, that a very long inter-Glacial period of erosion

must have elapsed between the Upper Pliocene and the Middle

Pleistocene or maximum glaciations, the latter of which found the

valleys excavated, as is evidenced by the products of that glaciation

which cover and fringe the slopes of, and are embedded in, the

valleys. This last-named point is of decisive importance ; for if it

be assumed that, towards the end of the Pliocene Period, the

valleys had already acquired their present outline and depth, it

would follow that they must have been filled with the products

of the Pliocene glaciation, to a depth of 100 to 400 metres—

a

theoiy which is untenable in face of the now recognized fact that

all the upper-terrace and valley-gravels are the products of the two
younger glaciations.

(2) True it is that the lowering of the valley-floor of the Zurich

and Geneva lake-basins by 400 metres (or 1300 feet) in the course of,

possibly even later than, the Ice-Age, is a startling phenomenon.
But it must be borne in mind that, apart from the greater volume

and, owing to the greater fall, the enhanced erosive power of the

then Alpine rivers as compared with those of our own day, the

lake-basins per se, as they appear at present, were formed not only

by fluviatile erosion, and by subsequent banking-up at their lower

ends, but by a zonal subsidence or settling along the base of the

Alps, which followed upon the raising of the latter as a mechanical

process. As is well known, this theory of a subsidence or 'flexure/

computed at about 400 metres on the northern side of the Alps,

was first propounded by Prof. Heim l on the evidence of the reverse-

dip of the Molasse-terraces of erosion on both sides of the Lake of

Zurich. It is further demonstrated by the fact that the Molasse-

floor of the valley itself exhibits a considerable reverse dip which,

beginning near Baden, about 15 miles below Zurich, extends up the

valley and the greater part of the lake : so much so, that, at the

outlet of the lake at Zurich, the deepest borings have failed to

reach the Molasse, and that, towards the upper end and at the

deepest point of the present basin, the old Molasse-floor is not

reached even at a depth of 140 metres (460 feet), and is, indeed,

buried below lake-deposits at an unknown depth. And further

proof is afforded by the considerable folding of the Molasse in the

low hills between the Lakes of Zurich and Zug subsequent to the

deposition of the Deckenschotter, which now appears at a level from
300 to 400 metres lower than the deposits on the original plateau

of" the Albis or LTetli range (see fig. 3, p. 454).

1 Beitrage z. geol. Karte d. Schweiz, vol. xxv (1891) pp. 475 & 476.
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(3) Even if the lowering of the Pliocene valley-floor near Zurich

and Lausanne by about 400 metres had been solely effected by the

agency of fluviatile erosion, denudation, and wastage, there would
be nothing extraordinary in such a phenomenon, when it is

considered that the Miocene material to be removed in the course

of the two inter-Glacial Periods, of which the first at least is now
commonly recognized to have been of very long duration, was, in

the main, soft Molasse, clay, and gravel. Moreover, the apparently

considerable depth of 400 metres represents barely one-twentieth of

the width of the two, even now essentially shallow valleys ; while

other valleys, as for example that of the Bhine near Bregenz, of

the Aare near Berne, of the Beuss in its lower course, and of the

Inn near Innsbruck, are all of about similar depth and width, and
therefore give similar cross-sections :

—

Mean Approx. Crass- Mean flow
width. Depth. Section. per second.

Kilo- Square Cubic
metres. Metres. metres. metres.
13-5 400 5,400,000 250
8-5 400 3,400,000 200
7-0 400 2,800,000 150
40 400 1,600,000 160
5'

5

400 2,200,000 100
60 400 2,400,000 270

Rhine Valley, near Bregenz ,

Aare Valley, near Berne ....

Reuse Valley, near Muri ....

Inn Valley, near Innsbruck .

Limmat Valley, near Zurich .

Rhone Valley, near Geneva .

(4) With reference to the altitude of 800 metres of the Pliocene

Subalpine plateaux at Zurich and Lausanne, it may be asked, how
does that elevation correspond with the then valley-floors in the

Alps proper? And further, would not a subsequent zonal subsidence

along the edge of the Alps of 400 metres (or 1300 feet) raise the

mean temperature, whereas the Pleistocene glaciations require a

.Lowering of the same ?

The answer to the first question would be that, given the altitude

of the Pliocene Subalpine plateaux as stated, that is, 400 metres

above the present Lakes of Zurich and Geneva, the fjord-like Alpine

valleys of the Bhine and the Linth (say at Sargans, Chur, and Glarus)

and of the Rhone (say at Martigny and Sion) must of necessity have

been correspondingly, that is, at least 400 metres, higher than at

present. As regards Northern Switzerland, this is confirmed by the

significant fact that certain characteristic rocks of the older Alpine

series, such as Julier and Puntaiglas granite of the Bhine drainage-

area, and more especially the well-known Sernifite or red sandstone

of the Glarner Alps or Linth watershed, are entirely absent in the

Miocene Nagelfluli, and extremely rare in the Pliocene Decken-

schotter. They abound, on the other hand, in the Pleistocene

gravels, thus showing that in the middle and at the end of the

Tertiary Age, erosion and denudation in the Alps had not as yet

reached those lower rock-formations.

To the second question the answer would be that a zonal sub-

sidence of 400 metres (or 1300 feet) is, after all, but a small fraction,

that is, less than one-tenth of the maximum elevation of the Alps

;
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and that the rise of temperature corresponding to that subsidence

would not be more than 2° Cent, or 3-6° Fahr., which is about

equal to the difference between the present mean Subalpine

temperature north and south of the Alps, 1 for example between
Zurich and Lugano (9° and 11° Cent, respectively), and would
be insufficient to affect materially the conditions under which a

general advance of the ice might take place. Whether the zonal

subsidence, and, with it, the formation of the present lake-basins,

must be assigned to the first or second inter-Glacial Period, or to a

yet later date, is still an open question with which I propose to deal

in a future paper.

(5) So far as the immediate scope of the present paper is con-

cerned, I hope to have shown conclusively that the pre-Glacial

existence of the principal river-valleys and lake-basins of Subalpine

France and Switzerland, in their present form and depth, can no
longer be maintained in face of the evidence of the extensive

Molasse-plateaux upon which the iluviatile products of the Pliocene

glaciajtion were deposited. Equally untenable appears, in face of

that evidence, the view that the Rhone-Valley conglomerate known
as 'alluvion ancienne'" is either pre-Glacial or Quaternary. Deposits

of such Pliocene Glaeio-Fluviatile alluvia abound in the whole region

between the Jura and the Cevennes above Lyons, in the Rhone
Valley below Lyons, between the Dauphinese Alps and the Cevennes,

in the Valley of the Po and elsewhere at the base of the Alps; and

it may safely be averred that the more they are studied, the more
will the formerly accepted views with regard to their character

and origin, and to the contour of Alpine and Subalpine valleys

towards the end of Tertiary times, come to be modified.

Discussion.

Prof. Bonne y expressed his regret at the absence of the Author,

for the paper required a more detailed explanation than could be

conveyed by au abstract, necessarily condensed. So, as he knew the

ground, he would venture to state to the Fellows, in a slightly

different form, the problem which this paper attempted to solve,

—

a problem which, in the speaker's opinion, was one of the most
difficult presented by the later geology of the Alps. Having done
this, he said that the hypothesis, though rather startling in the

magnitude of the denudation assigned to a single interval in the

glaciation of the Alps, did remove some difficulties which hitherto

had been most perplexing. Put he thought it possible that some
of the patches of Deckenschotter might be newer than others, and
that denudation and deposition might have gone on pari passu prior

to the second advance of the ice. If any part of the Hongg gravel

1 Or the difference between the present mean temperature of districts on the
same side of the Alps: for example Geneva, Bale, and Lucerne (d'5° Cent.), Berne
(8"3° Cent.), and St. Gall (7'5° Cent,).
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was Deckenschotter, as it was said to be when he saw it, this must
be so. In auy case, he was disposed to look upon the formation of

the actual lake-basin of Zurich as a yet later phenomenon than the

second glaciation, for he did not see how the gravels below the

town could be formed, if the lake existed, unless they were all

attributed to the Sihl, which he thought improbable. The amount
of zonal subsidence required by the Author, though large, was
not impossible, but it meant that the valley-systems above the

lake would be higher than their present elevation by 1300 feet,

and probably more. They proceed, however, from a rather low
part of the Alps, and this elevation -hypothesis explains some
difficulties—among others, the change from excavating to filling-up

the main valleys like those of the Limmat and lihine. He thought

it probable that this paper, which abandoned one very important

position taken up in the former one, might require modification in

the future ; but it was, nevertheless, valuable as supplying an
explanation of some very perplexing problems.

The Eev. Edwin Hill also regretted the Author's absence. He
would have liked to learn his views on the age of the diversion of

the Sihl channel from the Lake of Zurich, as to which his former
paper gave such interesting particulars.

Mr. H. W. Mokckton said that he had some hesitation in

criticizing a paper of which he had only heard a comparatively

short abstract. He considered the Deckenschotter of the Uetli-

berg, alluded to by the previous speakers, a very difficult deposit to

explain. The underlying glacial bed seemed to show the presence

of large glaciers, and he thought it possible that the Deckenschotter

itself might be more or less of glacial origin, and suggested the

possibility that the valley of the Lake of Zurich might have been
full of ice at the time of its deposition.

Prof. Sollab enquired whether some of the difficulties of the

Author's explanation might not be met on the supposition that the

Lake of Zurich and the Valley of the Limmat were already in

existence before the deposition of the Deckenschotter, but filled

with ice during 'this deposition. The presence of ' grundmoriine '

below the Deckenschotter pointed to the existence of a considerable

body of ice, the intra- and infra-morainic material of which would
become converted, as the ice melted away, into pebbles. The esker-

material, as seen in Ireland, showed that large quantities of rounded

pebbles might be formed during the melting of glaciers and before

their final disappearance.

Prof. Bonnet, in reply to a request from the President, said that

as, when he had visited a country, he retained in his memory what
he had seen better than what he had read, he could not undertake

to say at the moment how far the Author was in accordance with,

or differed from, the Swiss geologists. In regard to remarks which

had been made, he said that he did not think that the ' first moraine

'

.required the ice to have been thick above it, and that the Decken-

schotter had but little resemblance to the materials of an esker.

It was true fluviatile gravel, not at all unlike that now filling
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the bed of the Limmat Valley, as indeed was proved by the

difficulties of distinguishing them at Hongg and Baden. It had
once been much more extensive, the isolated patches on the map
having been, in many cases at least, formerly continuous.

Postscript to Discussion.

[The Author, in regretting his unavoidable absence, and thanking

Prof. Bonney for his kindness in more fully explaining the subject

of the paper to the meeting, observes that, no doubt, during the

long inter-Glacial (Upper Pleistocene) Period which followed upon
the first glaciation, erosion and denudation on the one hand,

and deposition on the other, went on pari passu, the plateau-

gravel being thus, by re-transport, gradually carried farther out

and deposited in the lowland valleys as these were being deepened.

In that sense, the Glacial, Glacio-Fluviatile, and inter-Glacial gravels,

deposited in the interval between two glaciations, may be said to

form groups, rather than constitute one single formation. With
regard to Prof. Bonney's view that the present Zurich lake-basin

may have been formed after, and not before, the second glaciation,

there are, in the Author's view, various reasons for and against

it ; he proposes to revert to the very complex question* of the age

of the Subalpine lake-basins in a future paper.

In reply to the Rev. E. Hill's inquiry as to the age of the

deflection of the River Sihl (by a moraine-wall) from its original

outlet into the Linth (or Zurich Lake) Valley, the Author holds

that the present Sihl Valley, running parallel to the present lake

from the point of deflection to its junction with the Limmat below
Zurich, is post-Glacial, and affords an instructive instance of the

remarkable erosive power of a comparatively small river, which has

already cut its new bed in moraine, gravel, and Molasse to a depth
of more than 100 metres, and is chiefly responsible for the rapid

denudation of the TJetli range.

In reply to Mr. Monckton's and Prof. Sollas's remarks, the

Author observes that if the evidence adduced by him of the

existence of a Subalpine Molasse-plateau at the advent of the first

glaciation is correct, the Limmat Valley could not have been filled

with ice at the time when the ITetli Deckenschotter was deposited.

He agrees with Prof. Bonney that the moraine underlying the

Uetliberg Deckenschotter does not point to the presence of a large

body of ice, such as the glaciers of the second or maximum glaciation

which filled the then excavated valleys and, passing in many
places over the Deckenschotter-cliffs, left large masses of moraine
overlying the same. 1

With reference to the views of Swiss geologists on the subject of

1 As, for example, in Northern Switzerland on Albis, Heitersberg (depth of

overlying moraine = 150 to 300 feet), Bruggerberg, Siggenberg, Mount Irscbel,

and Berg, near Rheinfelden ; and in the Bhone Valley generally, throughout

its whole length from Lausanne to Lyons.

Q. J. G. S. No. 231. 2 k
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Deckenschotter, as to which some of the speakers enquired, the

Author observes that the more recent writers on ' Cavernous
Nagelfluh,' as it is locally called, are the late Dr. Wettstein, 1

Prof. Muhlberg,2 the late Dr. L. Du Pasquier,3 and Dr. ^Eppli.4 The
first of these regarded the TJetli deposits, and generally all the

compact or loose conglomerates of the Zurich district which exhibit

cementation, as Glacial, but without reference to a Pliocene glaciation.

Prof. Miihlberg's investigations bear exclusively on the gravels of

the Canton of Aargau, and, with a leaning to the latest views of

Prof. Penck and Prof. Bruckner, he assumes five glaciations. The
late Dr. Du Pasquier examined more especially the alluvia of the

Aare and Rhine Valleys between Aarau and Bale, dividing them
into Deckenschotter, Tipper- and Lower-Terrace Gravels in relation

to the three glaciations ; and Dr. iEppli adopts the same division

for the gravel-deposits of the Limmat Valley and round the Lake
of Zurich. Thus each of these writers confines himself, in the main,

to a separate, more or less prescribed local area. So far as the Author
is aware, his paper is the first attempt to deal comprehensively with
the subject, by drawing conclusions from an examination of the

whole Subalpine region extending from the base of the Alps to the

Rhine near Bale, and the same applies to the Rhone Valley from

Lausanne to Bellegarde and Lyons.

—

May 31st, 1902.']

1
' Geologie von Zurich ' 1885.

2
' Erratische Bildungen im Aargau' Mitth. d. Aarg. naturforsck.G-esellsck.

1869, 1878, & 1885.
3 Beitrage zur Geol. Karte d. Schweiz, vol. xxxi (1891).
4 Hid. vol. xxxiv (1894).
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I. Introductory.

It is now 8 years since I commenced observations upon the

Glacial phenomena of the Cleveland area—using the term in its

broadest sense as including the whole of the Jurassic mass of

North-eastern Yorkshire, but no results were attained in the first

5 years. The investigation, however, of a tract of country on the

western edge of the Vale of York familiarized me with many
of the more patent signs of old glacier-lakes, especially the pheno-

mena of abandoned overflows, and this experience enabled me to

recognize the great JSTewton-Dale valley as belonging to this

category. Following this clue backward, I discovered the great

system of lakes and related phenomena now to be described.

The progress of the investigation of the area west of the Ouse
has been briefly recorded in papers submitted to the British Asso-

ciation,
1 and on various occasions has been communicated to the

Yorkshire Geological & Polytechnic Society.
2 A new stimulus to

these studies was given by Prof. W. M. Davis, who accompanied me

1 Rep. Brit. Assoc. 1896 (Liverpool) p. 801, & ibid. 1899 (Dover) p. 743.
- Proc. York. Geol. & Polyt. Soc. n.s. vol. xii (1893) pp. 306-18, & ibid.

vol. xiii (1895) pp. 89-91.

2r*2
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in the examination of a tract of country round Knaresborough, where
an extra-morainic diversion of the River Nidd and some other lake-

overflows are well displayed. Prof. Davis on that occasion mentioned

some work of a like nature which was engaging the attention of

Prof. G. K. Gilbert ; and I am impelled to mention the fact, as

this statement of Prof. Gilbert's views undoubtedly aided me, to

how great an extent I am unable to say.

II. Modeen extra-Mobainic Lakes.

Whenever a glacier or ice-sheet advances against or across the

general slope of a country which is not occupied by ice, there will

be a tendency to impound the natural drainage and to produce

lakes. Such lakes, from their position, have been termed extra-
morainic lakes, 1—a term not wholly free from objection, as some

ice-masses are not margined by any recognizable moraine; and,,

again, some such lakes lie between the lobes or ridges of a moraine.

But, with a reservation to cover all these cases, the term may
be conveniently adopted.

The Alps furnish few examples of these lakes, as they are best

developed where the relief of the country is low and the ice-streams

are large. The Mtirjelen See is the best known, though not the only,

glacier-lakelet of the Alps. It has been admirably described by
many writers, the best description in English being that given by
Dr. Du Riche Preller.2 The present writer has also published some
notes upon the lakelet and its floor-deposits. 3

Norway, with its more extensive ice-fields, furnishes more
numerous and varied examples, such as the Dsemmevand described

by Capt. A. F. Mockler Ferryman 4 and Dr. P. A. (Even. 5
It is, how-

ever, to the gigantic ' piedmont ' glaciers of Arctic America and the

ice-sheet of Greenland that we must look for our best illustrations of

this class of phenomena. These great ice-floods must, in the nature

of things, more frequently oppose and impound the drainage of the

ice-free country than could be the ease with greatly-crevassed glaciers

flowing for a few miles down steep mountain-valleys.

The chain of lakes held up in the Chaix Hills by the ice-stress

of the Malaspina Glacier are of great interest, and geologists will

welcome a fuller description of them than that contained in

Prof. I. C. Russell's masterly memoir. 6

The great ice-sheet of Grinnell Land sustains marginal lakes

of large size, described by Gen. Greely in his ' Three Years of

Arctic Service *
; but around the lobes of the Greenlandic ice-cap

ihey are to be found in the greatest number and perfection. 7 I would

1 Carvill Lewis, Eep. Brit. Assoc. 1887 (Manchester) p. 691.
2 Geol. Mag. 1896, p. 97.
3 Glac. Mag. vol. hi (1895) pp. 127-28.
4 G-eogr. Journ. vol. iv (1894) p. 524.
8 Bergens Museums Aarbog (1894-95) no. iii.

,J 'Glaciers of North America' Boston, 1897, pp. 118-21.
7 T. C. Chamberlin, ' Glacial Studies in Greenland ' Journ. of Geol. vols, ii,

iii, & iv (1894-96).
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refer especially to Prof. R. S. Tarr's brief but highly interesting

account of the lakelets that fringe the Cornell Glacier on the

Nugsuak Peninsula. 1
Prof. Tarr furnishes a description of the

deltas and floor-deposits of these lakelets, which will be found
of great value for comparison with the relics of similar lakelets in

Britain.

III. Pleistocene Lakes, and the Criteria eor their Recognition.

It might have been predicted that proofs would be forthcoming

that extra-morainic lakes of Pleistocene age had prevailed over areas

extensive in proportion to the great magnitude of the ice-sheets.

Traces of several such lakes have been recognized, the most important

of which is, undoubtedly, the gigantic Lake Agassiz, the waters of

which covered half a million square miles in North America. This

lake has a claim to consideration, apart from its mere magnitude, as

it appears to have been first in order of discovery as well as in point

of size. Keating inferred the presence of a lake on this site so

long ago as 1823, but probably to Gen. Warren should belong the

credit of clearly demonstrating its existence. A noteworthy series

of lesser lakes in the neighbourhood of Rochester (N.Y.), has

been well described by Mr. H. L. Fairchild,'
2 and the investigations

of Prof. G. K. Gilbert upon a similar series have been referred to.

Many other examples in North America have been described. The
only lakes having such an origin that have been recognized

in this country, so far as I am aware, are :—a lake enclosed in

the valley of the Black Cart, behind (south of) Glasgow, identified

by my lamented friend the late Mr. Dugald Bell of Glasgow, 3 and
independently by Prof. James Geikie 4

; another in the valley of the

Tweed, also discovered by Prof. Geikie 5
; the Glen-Roy Lakes,

the lacustrine nature of which was first conclusively shown by
Mr. T. F. Jamieson 6

; a great lake in the Yale of Pickering,

postulated upon very inconclusive grounds by Phillips and other

writers, but demonstrated in a very clear and convincing manner
by Mr. C. Eox-Strangways 7

; and a great series of extra-morainic

lakes described by the late Prof. Carvill Lewis. 8

The criteria by which ancient extra-morainic lakes can be
recognized are mainly four:—(1) beaches; (2) deltas; (3) floor-

deposits ; and (4) overflow-channels. But to these might be added
the a priori arguments of Prof. Carvill Lewis, who considered that

the existence of lakes could be deduced from the ascertained position

of the ice-front, a process of deduction upon which I have never

relied, except when reinforced by the direct testimony of one or more

1 Amer. Geol. vol. xx (1897) pp. 150 et seqq.
2 Am. Journ. Sci. ser. 4, vol. vii (1899) pp. 249-63.
3 Trans. Geol. Soc. Glasgow, vol.'iv (1874) p. 66.
4

' Great Ice Age ' 1st ed. (1874) pp. 186 et seqq.
5 Ibid. 2nd ed. (1877) p. 144.
G Quart. Journ. Geol. Soc. vol. xix (1863) p. 235.
7 Mem. Geol. Surv. ' Jurassic Kocks of Britain' vol. i (1892) p. 423.
" Rep. Brit. Assoc. 1887 (Manchester) p. 69.2. .
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of the phenomena mentioned above. Mr. Warren Upham, in his

masterly monograph upon the glacial Lake Agassiz, 1 has reviewed

these criteria with his customary clearness ; but, although his

descriptions may be confidently recommended for study by British

geologists, they deal with phenomena upon a scale of magnitude so

far transcending that upon which such features are developed in

Britain, that I am constrained to furnish a brief account more
applicable to experience in this country. Moreover, Mr. Upham
addresses a scientific public which is practically unanimous in

accepting his premises of great con fluent glaciers, and in rejecting

the suggestion of marine action as a cause of the bulk of the

Pleistocene deposits, whereas, in Britain, these views have not as

yet received unanimous sanction.

(1) Beaches.—The occurrence of beach-lines, whether con-

sisting of detrital accumulations or of mere shore-scarps, is clear

proof of the former presence of static waters; but no absolute

proof, apart from included organisms, can be adduced to show
whether sea- or fresh-water was the agent.

The little Miirjelen See is margined by an excellently defined

beach, consisting for the most part of an arrested talus of

large angular blocks which have rolled or crept down the adjacent

mountain-sides, with some blocks rafted out by floating ice. The
upper level of the beach coincides with that of the col across which
the overflow takes place, or did formerly take place (that is, before

the great drainage-tunnel Avas made by the Cantonal authorities).

The series of lakes in the Glen-Boy district was recognized solely

by the evidence of such beaches, which form a series of sensibly

horizontal benches along the mountain-sides, so conspicuous as to

have become the subject of a popular legend. Mr. Jamieson

demonstrated that they were the strand-lines of ice-dammed
lakes, chiefly by the evidence of the coincidence of their respective

altitudes with those of the cols across which drainage could hav^

occurred* The beaches of Lake Agassiz are upon a vast scale, and
show a noteworthy deformation in a vertical sense : they do not

consist of arrested talus merely, but are composed of sand and

well-rolled shingle. Mr. Fox-Strangways found few signs of the

beaches of his Lake Pickering ; and I am unable to cite a single

well-marked example in the Cleveland area, where, if the conditions

had been favourable, there should be hundreds, each representing

either a separate lake or a separate phase of a particular lake.

Shore-scarps are quite common, but they are (with two or three

exceptions) impersistent. I have seen in several places sections in

these scarps, and these will be mentioned in the sequel. Some
show well-bedded dirty gravel, and in others a rubble of angular

and rounded fragments of local rock with some foreign stones,

all resting against a greatly-shattered face of sandstone. Occa-

sionally the hillsides are seen to be furrowed by many scarps

half-obliterated by weathering or by the action of the plough,

1 Monogr. U.S. Geol. Surv. vol. xxv (1896).
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and running at different levels for 1 or 2 furlongs. The reason

for this general absence or imperfect development of beach-lines in

the Cleveland area admits of a very simple and natural explanation.

For their production, stability of the water-level during a consider-

able period is one of the great requisites, abundance of beach-forming

material the other. The occurrence of successive sea-beaches

round the coasts of Scotland and Norway does not imply that the

land rose per saltum, but rather that there were protracted periods

of comparative repose and beach-formation, followed by periods of

movement, slow, yet sufficiently rapid to prevent the accumulation

of a recognizable beach. Again, the beaches are not horizontally

continuous, but are interrupted where the supply of beach-making

material was deficient.

In the case of a glacier-lake, the stability of the level will be

determined by the constancy of the position and altitude of the

ice-dam, and the rate of erosion of the channel by which the over-

flow takes place. The former factor cannot in the generality

of cases be evaluated, but the latter is much more easily deter-

mined. It will depend upon the volume of water to be carried,

the fall, and the nature of the rock at the overflow. In the cases

of both the Marjelen See and the Glen-Roy Lakes, the overflow takes

place (or took place) over hard crystalline rock, which is very slowly

eroded, and consequently the lake-levels were very stable and the

beaches are large and well-defined. The overflows of the Cleveland

Lakes were over Jurassic rocks, for the most part soft shales ; hence

they were cut down rapidly, and little or no beach-formation

resulted. In a few cases the sills were cut down on to hard beds

of grit; and it is at levels coincident with these that the best-defined

strand-lines occur.

(2) Deltas.—When a stream carrying sand or gravel enters

standing water, the detrital materials are cast down in the form of

a fan, the surface of which is just below the highwater or flood-level.

If debouching into the sea, the fan shelves off into the deep with
a continuous slope, while a lake-delta usually terminates with an
abrupt face.

Mr. Jamieson, and observers who preceded him, found that the

deltas of streams flowing into the Glen-Roy Lakes were very well-

defined at the point where they coalesced with the beaches. In the

Cleveland area such deltas are rarely seen, but .some examples
exist, especially in the valley of the Esk. They occasionally exhibit

the fanlike form and steep scarp of lacustrine deltas, but more
often they are simply patches of current-bedded sand and gravel

occurring isolated at the beach - level where some stream has

debouched, generally the overflow from another lake.

(3) Floor-deposits.—The late Mr. Dugald Bell and Prof.

James Geikie have alluded to the deposits which accumulated
upon the floor of the Black-Cart Lake ; and the late Prof. Carvill

Lewis made reference to the nature of the deposits accumulated in
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the extra-rnorainic lakes identified by him. I shall endeavour to

show that he was correct in the ascription of the Warp-clays of the

Vale of Pickering to a lacustrine origin as well as the older Warps
of the Vale of York. On the other hand, I was impelled, some years

ago, 1 to dissent from his identification of the great Chalky Boulder-

Clay with lacustrine deposits, an opinion which he shared with, the

Rev. Edwin Hill. Recent experience has greatly strengthened

my conviction that that remarkable deposit was laid down by the

direct agency of land-ice. Mr. Fox-Strangways expressed the

opinion that the Warp and other alluvium of the Vale of Pickering

was either of lacustrine or estuarine origin.

It will be seen that, in this country, considerable uncertainty

prevails regarding the materials which might be accumulated under
lacustrine conditions ; and I may well at this stage define my own
position upon the question, with specific reference to the accumulations

in glacier-lakes.

I have had the opportunity of examining the deposits of two
well-known lakelets held up by glacier-ice in the Alps, namely, the

Gorner See and the Marjelen See. The former of these is mainly
super-glacial in position : it lay in 1894 in the angle formed by the

confluence of the Grenz and Monte Rosa Glaciers, tributaries of the

Gorner, and its floor was composed chiefly of ice, though along one

of its free sides it abutted upon a spur of Monte Posa, and the right

lateral moraine and rock-train of the Grenz Glacier descended beneath

the water. The waters of the lake are prone to rapid lowering of

level at very irregular intervals, dependent upon the production of the

crevasses by which they are drawn off. I have at one season seen

the shallow basin filled almost to the point at which it would flow

off over the ice, and at another season have found the icy bed almost

completely exposed, with large blocks of ice lying stranded near

the old margin. On both occasions I observed that, besides the

large masses of rock from the rock-train which were strewn promis-

cuously about, the deserted bed was covered with a deposit of very

fine mud, perhaps glacier-meal washed in by a stream flowing

beside the Grenz Glacier.

At the time of my visit to the Marjelen See, the lakelet was
approaching the condition of repletion which would bring into

action the new artificial drain, but there was still a large area of

its floor exposed. This was mainly composed of a bouldery-rubble

covered with a film of fine mud, but in some hollows I found a

gritty clay with stones, resembling ordinary moraine-stuff.

Thus far only extends my personal experience of the deposits of

modern glacier-lakes ; but Prof. Chamberlin, in his valuable papers

on the Greenlandic glaciers, and Prof. Tarr, in his description of the

Cornell Glacier of the Nugsuak Peninsula, have furnished data

of the greatest value relative to the floor-deposits of some of the

countless glacier-dammed lakes of the Arctic regions. Reference

1
' Man & the Glacial Period,' by G. F. Wright, Interriat. Sci. Series, 1892,

p. 159.
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must also be made to the fjord-muds so well described by Rink and
others, for these muds, though accumulated under tidal conditions,

must have many features in common with the deposits of glacier-

lakes.

The study of lacustrine formations other than those of glacier-

lakes is also germane to the present enquiry, for the differences

will be only in the details, and especially in two of them—the

amount and character of the mud, and the presence and character

of included organic remains. Reference may therefore be made to

the extensive literature of limnology, and especially to Prof. F.

A. Forel's monograph ' Le Leman' vol. i (1892) pp. 101-139;
Dr. H. R. Mill's valuable description of the English Lakes 1

; and
Mr. Upham's monograph on Lake Agassiz.2

The Lake of Geneva, which differs from the largest of British

Pleistocene lakes chiefly in the absence of any direct contact with
the glaciers that feed it, might be taken as a typical area of

lacustrine accumulation, and a general description of its floor-

deposits will be helpful to our understanding of the general

conditions of deposition.

At the point where the Rhone debouches into the lake, near

Villeneuve and Bouverie, the river casts down its great load of

shingle, and is gradually pushing its mouth forward into the lake.

Beyond the gravel, finer materials are cast down within a short

distance of the mouth of the river ; and beyond this again the fine

glacier-mud, with which the Rhone is so heavily charged, is wafted
on and laid down over a wide area as a deposit of impalpable mud
of exceeding fineness. The seasonal and diurnal augmentations of

volume which affect the Rhone, must carry sediments of a different

grade out to the regions of finest sediment, and so it might be

anticipated that the fine clays would show interlaminations of

coarser material. Interlaminations of materials differing more in

colour than in texture must also occur. The bed of the Lake of

Geneva is not sufficiently well exposed to enable me to support

these generalities by actual observation, but fine laminated muds
have been found in the exploration of lake-dwellings in seasons

of exceptional dryness, when the lake-levels were lowered.

If the Lake of Geneva were held up by an ice-dam, as the Marjelen
See is, we might expect to find stony clays, resembling those of the

Marjelen See, and perhaps actual moraine, accumulating near the ice;

while farther away laminated clays might be expected to prevail,

and to contain occasional stones, large and small, which had been
rafted out by bergs breaking off from the ice-front or by shore-ice.

Such sporadic boulders and pebbles do occur sparsely in some of

the Warps of Yorkshire.

Some means of distinguishing, however, between the flood-alluvium

of rivers and these lacustrine deposits seems to be a desideratum,
and as the result of the examination of a large number of sections

of river-silt in the magnificent exposures opened in the excavation

1 Geogr. Journ. vol. iv (1894) p. 237.
2 Monogr. U.S. Geol. Surv. vol. xxv (1896).
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of the Manchester Ship-Canal, and the comparison of the materials

with the Warps of Yorkshire, I have obtained, as I believe, a means
of discrimination.

Flood-alluvia are cast down upon meadows through which the

streams meander, and consequently the area occupied by them
presents very little relief : hence upon our geological maps we find

these flat meadows marked as alluvium, the boundaries following

the feature against which the deposits halt. The flood-alluvium is

cast upon a surface well covered with herbage, and consequently

any bedding which it may display is irregular, and is liable to

obliteration by penetration of roots and by other agencies.

Take, now, the case of a lacustrine deposit— it is dropped over the

whole floor of the lake, which may have a greatly diversified and
undulating surface, upon which the mud will lie as a nearly uniform
mantle. There may be absolutely no vegetation upon the lake-

bottom, either to produce any original irregularity, or to efface

eventually the laminations ; consequently such limnal muds maybe
expected frequently to display close and regular laminations, which,

being parallel to the subjacent surface, may be highly inclined. 1^ *

Fig. 1.

—

Section at Dauby Brick-and-Tile Works.

1

i.—Gravel,

2.—Red clay with blue joints

3.—Blue clay without visible bedding ...

4.—Leaf clay, clay finely laminated with

Anyone who has studied the ancient Warps of Yorkshire will

know how generally these characters, which I have regarded as

indicative of lacustrine origin, are present. The late Canon Atkinson

in his fascinating book, 'Forty Years in a Moorland Parish,

describes a sort of prophetic vision of a great lake in Upper Eskdale

(where, as I shall show in the sequel, a glacier-lake of large

dimensions probably existed); and he justifies his vaticinations by

one piece of geological evidence, the exceedingly close and regular

laminations of the Warp-clays of the district. The exposure to

which he refers certainly furnishes me with my clearest and best
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illustration. This section is exposed in a pit at Danbv Brick-and-Tile

Works (fig. 1, p. 478).

The red and blue clays display no visible bedding, but the leaf-clay

(that to which Canon Atkinson referred) contains interlaminations of

exceedingly fine sand. He mentions between 24 and 30 alternations

in 4 inches, but this is an underestimate. A specimen which I

took shows 24 coarser layers to the inch, and each of these includes

about 8 finer laminse, making in all about 200 laminae to the inch.

The laminations at one side of the section show a high north-easterly

dip. Occasional stones, flat, and ' as large as a tile,' are said to occur.

One such large stone yielded, when broken up, about half a cartload

of fragments. The leaf-clay unfortunately has not been penetrated

by the excavation ; and at the Tile-Works in Little Pryup, a boring

was put down 60 feet in laminated clay without reaching the Lias.
1

A section (fig. 2) in the brickyards at Dringhouses, west of York,
gives an instructive view of similar beds with the underlying

deposits. The section was drawn in my notebook in 1895, before

I had recognized its significance. The brickyard is situated

between the reticulated northern series of morainic hills, and the

single sharply-defined moraine-ridge that is so conspicuous a feature

for 4 or 5 miles to the westward of York.

Pig. 2.

—

Section in the brickyard at Dringhouses, Tori:

iimn ilii un yiluillto in tit Ufa
•."" m "' "- | - m

[1= Gravel; 2= Laminated clay (Warp).]

My notes state that the laminations are parallel to the surface of

the grave], to the height of 10 or 12 feet above it. A visit paid to

the section a few days before the reading of this paper, showed
that the gravel-mound had been cut away to the floor-level of the

pit, but the steeply-inclined laminae of the Warp could be observed

dipping into the face of the section.

1 Mem. Geol. Surv. ' Eskdale & Bosedale ' 1885, p. 51. It is important to

observe that this is mapped as Boulder-Clay, no doubt because of the absence
of alluvial features.
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(4) Overflow-channels.—The overflows of glacier-] akes have
attracted but little attention in this country. Those of the Glen-

Roy Lakes, so far as can he gathered from descriptions, present no
marked features of eroded channels, but are merely scoured cols

which have been swept fairly clean by the effluents of the lakes.

Nevertheless I think that one or two of them show features of

particular interest, judging by the maps and the behaviour of some
streams related to them. Dugald Bell appears to have been the

first geologist to have recognized that an ancient lake might be

postulated from its overflow with as great certainty as by any other-

sign ; and as I have already remarked, he described * a lake-overflow

at Dairy, enforcing his conclusion by the evidence of floor-deposits.

Prof. James Geikie made similar observations quite independently. 2

In America such phenomena are among the regular data of

glacialists. The most noteworthy in the whole continent is no
doubt the great overflow of Lake Agassiz, known as the Warren
River, which is described at length by Mr. Upham in his monograph
already cited. Mr. Upham, in allusion to these phenomena, says that

he regards them as evidences of glacial lakes ' the most invariably

recognizable and the most definite in their testimony/ an opinion

which I most cordially endorse.

As these features are but little known to British geologists, and

my experience of them extends to over three hundred examples,

chiefly in Yorkshire, but also in Northumberland, Westmoreland,

Lancashire, Cheshire, and Lincolnshire, it seems desirable that I

should describe the general characters with some care, the more so

as I have placed my chief reliance upon them in the identification

of the series of lakes which form the subject of this paper.

When an ice-sheet or glacier obstructs the drainage of a country,

the water is impounded so as to form a lake, which will find

an escape either through, or over, the ice ; or, by overflowing, by
some col or spur in the surrounding watershed.

In the former case, the evidence remaining to the geologist after

the disappearance of the glacier will consist solely of beaches,

deltas, and lacustrine deposits ; but in the latter, and in such a

country as ours, the more common case, of overflow across a col, or

spur, the water proceeds to cut for itself a channel. The deepening
of this channel may be swift or slow according to local conditions.

Uponthe withdrawal of the ice, it may be that a morainic obstruction

may be left across the valley of such a height that a lake may
persist for a considerable period, until, in fact, the overflow has
cut far enough down to drain it, and then remains as the permanent
course of the drainage. Or the overflow-channel may have cut

1 Trans. Geol. Soc. Glasgow, vol. iv (1874) p. 66.
2

' Great Ice Age ' 2nd ed. (1877) p. 146. I ought, however, to point out
that a consideration of the peculiar conditions prevailing in the Clyde area at

the close of the Glacial Period seems to forbid the ascription of any considerable

part of the excavation of the valley in question to a lake-overflow of the same
date as the deposits.
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down during the persistence of the ice-barrier ; and when this

happens, we find the events recorded in the form of a river-gorge of

a breadth disproportionately small as compared with the magnitude
of the stream, and an abandoned valley of a normal form obstructed

near the deviation by the moraine.

Such a gorge is that of the River Nidd near Knaresborough, de-

scribed by me in a paper presented to the British Association in 1896. ]

In other cases, it may happen that upon the retreat of the obstructing

ice the drainage may be resumed upon the original lines, though

perhaps over a raised floor of Drift. When this is the case, the

temporary overflow-channel will be abandoned, and will thereafter

carry only such small amount of drainage as belongs to its own
very limited catchment, sometimes even none at all.

Here now are two distinct types of anomaly in valleys both

bearing the canon-like aspect that tells of rapid erosion : but in one

case the valley is narrow out of proportion to the stream that

occupies it ; in the other the stream, if stream there be, is

disproportionately small for the valley In every district in which
I have found these evidences, both types occur ; often, where a

chain of parallel lakes existed draining one into another, the two
types of valleys occur in rough alternation, as in the country between
the Ure and the Wharfe from Hackfall to Tadcaster.

The anomalous valleys which at present constitute the main
drainage-channels of Cleveland, present no special features to which
I need devote attention here. Their recognition is easy, and their

characters simple ; but the deserted channels, having remained

practically unchanged from the time of the departure of the ice>

with all their characteristics unimpaired, are of singular interest

and demand careful consideration. They appeal to me as perhaps

the most impressive memorials of the Ice-Age that our country

contains.

1Y. General Character oe the Abandoned Channels.

These valleys conform to four principal types in regard to

position.

(1) Direct overflows.—Those which trench the main water-

shed of a country so that the overflow is directly away from the

ice—these may for convenience of reference be termed direct
overflows. The finest example in the Cleveland area is Newton
Dale. Direct overflows are usually found to trench only the lowest

cols of a given watershed, except where the obstructing ice has

approached very near to the watershed. They generally occur

singly, one overflow serving for the drainage of a considerable area

of the iceward side of the country ; but when the watershed is

very uniform in height, and' the ice has at one stage actually sur-

mounted it, then several parallel overflows may be developed out

of the gutters which are trenched in the outer slope by water

1 Rep. Brit. Assoc. 1896 (Liverpool) p. 802.
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flowing off the ice itself. The overflows, four in number, which cut

through the Northern Cleveland watershed above the village of

Egton are typical of this arrangement.

(2) Severed spurs.—I have applied this name to those cases

where the drainage of minor valleys has been carried across spurs

of a main watershed. Such cases arise where the ice-front, being

opposed to a main watershed, has impounded the waters of valleys

descending towards it at an elevation such that a direct overflow

is not available. The waters of the lake then discharge, either

across a depression of the spur, or by a channel cut on its outer face

along the edge of the ice. The former case differs in no essentials

from a direct overflow, but the latter constitutes my third type.

(3) Marginal overflows.—These are at first merely shelves

cut in the hillside, and developed subsequently into actual gorges.

Some marginal overflows cease to operate before reaching the
4 gorge stage,' and in the Cleveland area every stage is represented.

In some instances a marginal overflow had its iceward side com-
posed of moraine, and in other instances entirely of ice. The marginal

overflows and severed spurs often are arranged in series, which may
be of two kinds—the aligned sequence and the parallel
sequence.
An aligned sequence is one in which several valleys may be

obstructed, and drain from one to another by severed spurs, until

free escape is offered either laterally or directly. These aligned

series will all have their fall in the same direction, and the lake-

levels will be successively lower along the series until the main
escape is reached. When considering the evidence of any direct

overflow, I have only in rare instances admitted the validity of the

proof where no related severed spurs could be found to corroborate

the available data.

In studying the severed spurs, with their variants, in an aligned

sequence, no surprise need be felt if two spurs are severed, while

an intervening one of equal prominence remains intact. The ice-

margin has commonly been very sinuous, and even lobate, and a

lakelet might stretch across two valleys or more. Very often it has

happened that an aligned sequence has been modified by a differential

retreat of the ice-margin, causing one lake to persist longer than

another. Thus a retreat of the ice-front near the lower end of a series

may throw some intermediate channel out of operation, while its

neighbours, above and below, continue to fulfil their functions and

to cut lower.

Upon a comparison of levels, we find that the intermediate

channel is at a higher altitude than its neighbour up stream. The

same statement may apply to a marginal overflow that has an ice-

wall in the middle part of its course. A retreat of the ice up to

this point may allow of a ' lateral escape ' being formed, and the

upper segment of the overflow may cut deeper than the lower.

An example of this is afforded by the Murk-Mire-Moor channel.
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A retreat from the upstream segment of a marginal overflow

will produce a ' lateral intake.'

The other kind of serial development I have termed a parallel

or successive sequence. These series, which frequently have

also an alignment, consist of repeated trenchings of the same
spur by parallel overflows. They are produced by an intermittent

retreat of the ice-front, uncovering successively lower slopes of a

hillside. It is satisfactory in these cases to find that the level at

which each overflow commences to be cut is below the intake-level

of its antecedent. This is beautifully illustrated by the interesting

little pair of valleys on Moorsholm Rigg which I have termed ' the

Double,' and even better by the splendid series cutting the hills

above Hayburn Wike.
Sometimes a parallel sequence may be observed, in which the fall

of the channels is in opposite directions in successive valleys of the

sequence. This is found in cases where there are two main over-

flows at opposite ends of an aligned sequence, or where ice-streams

from opposite quarters have successively invaded an area.

The clearest case of the latter kind known to me, I observed in

the Cheviots between the valley of the Breamish and Roddam Dean ]

;

but in Cleveland the former phenomenon is to be well seen near

Stanghow, and in a most perplexing development between two main
escapes north and south of Scarborough.

(4) In-and-out channels.—These are crescentic valleys

excavated in the face of a hill by water flowing round a projecting

lobe of ice. Two admirable examples are known to me in Cleveland,

one detaching the hill known as Stony Ruck near Preeborough,

and the other the Sunny Brake Valley near Glaisdale (see

fig. 20, p. 530).

I may now consider some peculiarities of form displayed by these

valleys.

The first feature that strikes the observer is their entire inde-

pendence of the natural drainage. They cut across the natural

watersheds, and frequently are deepest just where they pass through

it. This feature it is which appears most decisively to point, not

merely to obstructed drainage, but actually to the existence of

bodies of standing water.

The fall of these overflow-valleys is usually very small near the

head and steepens rapidly down stream, a feature which is rarely

observed in normal valleys. The small fall in the upper parts of

these channels usually results in the accumulation of peat (to the

depth, in some instances, of more than 20 feet), and this produces

often a drainage out at the top end which obscures the character-

istics of the intake.

The transverse sections of the overflow-valleys are very cha-

racteristic: they invariably exhibit exceedingly steep sides, and,

1 P. F. Kendall & H. B. Muff, Geol. Mag. 1901, p. 513.
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where unmodified by subsequent stream-action, possess very broad
flat floors. These features are exhibited in their highest perfection

in those cases where the valleys have been excavated in very soft

rocks, such as the shales of the Lower Estuarine Series : they

indicate rapid cutting by a large stream.
The same deduction may be drawn from the character of the

' meanders.' In a large valley of normal drainage, the sinuosities

of the valley bear little or no direct relation to the meanderings of

the stream, and this independence is the more conspicuous the

flatter the floor of the valley is. It is only the banks of the

stream that show such a relation, the well-known one that the

steep bank is on the outside of a bend, while a gently shelving bank
is on the inside. The reason for this is obvious, and need not be

enlarged upon. Now, in the valleys which I am describing, the

glacial stream fitted the valley so closely that the valley-walls were
also the banks and follow the rule just cited.

In each meander of one of these valleys the outer curve is steep,

sometimes precipitous, while the inner curve has a more gentle*

slope. These features are nowhere more beautifully displayed than

in the upper portion of Newton Dale above Raindale Mill. Here,

for several miles, the railway from Pickering to Whitby runs

through a superb canon having a depth of 300 or 400 feet, and
occupied through a part of the distance by a small stream, the

Pickering Beck. The outsides of the meanders here are in many
places so precipitous as to be unscalable.

It is a noteworthy circumstance, that at Raindale Mill a tributary

stream of large size belonging to the normal drainage enters Newton
Dale, and below tbis point the valley takes a nearly rectilinear

course without meanders. This may imply that the valley above

this confluence has been produced mainly by the lake-overflow,

while below it a pre-existing valley of considerable size has simply

been deepened and perhaps broadened, its main lines being pre-

served. The neighbouring normal drainage-valleys on each side of

Newton Dale exhibit no such features as the upper part of that

valley.

The head of an overflow-valley generally shows some very cha-

racteristic features, which maybe well studied by the aid of contoured

maps where the contour-lines are drawn every 25 feet.
1 As a rule,

in ascending such a valley, the sky presently shows through the

clear-cut notch of the intake, and on the map successive loops of

the lower contours are replaced by lines of the higher elevations

passing right through and round the hillsides. On the lakeward

1 I would here remark that the extremely detailed work which I have been able

to do in Yorkshire has been rendered possible only by the very perfect 6-inch

contoured maps of the Ordnance Survey. In this favoured county the contours

are drawn every 25 feet, whereas in such counties as Northumberland, Cheshire,

Westmoreland, and Norfolk, they are drawn at each 100 feet. In comparatively

flat Norfolk there are doubtless sheets without a single contour-line. The
counties that I have mentioned can never be satisfactorily studied by glacial ists,

unless a new survey be made.
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side the lower contours of a hillside pass unindented across below

the intake (see Lady-Bridge Slack, PL XXII).

The outfall often displays analogous characteristics, and a valley

will open out inconsequently upon a steep hillside. The level at

which the debouchure takes place is approximately the level of a lake,

but it is often rendered obscure by subsequent cutting on the part

of a small stream ; the Murk-Mire-Moor and Ringing Keld valleys

are, however, practically intact. The intake frequently presents

modifications of interest, which corroborate the views here set forth

regarding their origin. The head of the valley often makes a sharp

turn towards the quarter whence the main overflow took place.

For example, the head of Ewe-Crag Slack looks directly westward

towards the chain of lakes drained by it, although the main

valley runs nearly due north and south. The same feature was

observed by Mr. Muff and myself in an overflow at North Bierly,

Bradford.

In other cases, a marginal shelf and scarp runs up to the intake,

produced, evidently, by the ice being thrust forward against the

lake-outflow, just in the
Fig. 3.

—

Map of the Marjelen See. same way that the
'"--,. Aletsch Glacier swells

^.t "":•-... forward against the

Eggischhorn (fig. 3).

J^ This feature is shown
in a very marked manner
by the intake of the

Moss-Swang Yalley at

Lords Seat.

At the outfall there is

at times to be seen a

mass of gravel consti-

tuting the delta. The
materials usually consist

of a preponderance of

the materials eroded from
the valley, where these

are of a sufficiently dur-

able character to form
pebbles, together with
erratics washed over from
the ice -front. Some-
times these deltas are of

very large size, and are
J generally proportioned to

the magnitude and duration of the overflow. The largest that I

have seen in the Cleveland area are those of Newton Dale, Ewe-
Crag Beck, Tranmire (or Stonegate), and Forge Valley.

In connection with this I may mention a minor though interesting

feature of outfalls, their bifurcation. Two quite distinct causes

must be assigned. In an example in Cleveland at Smeathorne, a

Q. J. G. S. No. 231. 2 l
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marginal overflow has bifurcated in consequence of a slight recession

of the ice permitting the water which was flowing in contact with
it along a hill slope to take a lower course. The other cause of

dichotomy at the outfall I have observed only in the Cheviots. The
<5ase is that of a pair of lakes, with an intervening spur terminated

near the ice-margin by a bold knob. The spur is cut behind the

knob by a deep overflow-channel, at the outfall of which a great

gravel-delta has been thrown down. The outlet was at first pro-

bably over the convex fan of deltaic material, but with a shrinkage
of the ice and corresponding lowering of the lake-level, the flow
took place along each side of the delta ; then a further recession of

the ice allowed the lower lake to drain off through a marginal
channel, and this gave an advantage to the outfall nearest to the

ice, which therefore became the sole outlet. These features are

precisely repeated in two adjacent valleys, Monday Cleugh and the

gorge behind Hambleton : the marginal outflows can be seen, and
I therefore feel some confidence in the explanation. 1

A remarkable and striking effect of fluctuations in the edge
of the ice, both in advances and retreats, is the production of

deserted oxbows. These features are peculiar to marginal
overflows, never occurring in direct overflows. When the
advance of a lobe of ice causes an obstruction of a marginal outflow

at one point, then an ' in-and-out ' crescentic valley is carved in

the opposing hillside to connect the two portions of the valley. This
new portion may be cut to such a depth as to become the permanent
channel : the part obstructed by ice will therefore never come into

use again, and on the withdrawal of the ice may appear as a high-
level loop many feet (50 or more) above the functional channel.

Such a case is to be seen at Brown Kigg, near Robin Hood's Bay.
The more frequent case, however, is that in which the new channel
has not been cut so deeply as the old one. In these instances, the

withdrawal of the ice has reopened the main channel, and the new
bow has been abandoned. The main valley continues to deepen so

long as it is in use, and the abandoned bow will remain in singular

isolation. Evan-Howe Slack, a quarter of a mile from Brown Rigg
(see PI. XXYI), and the channel which isolates Castle Rigg, in the

Moss-Swang overflow near Goathland (see fig. 8, p. 510, & PI. XXII)
present examples of this type.

The last feature which it is necessary to mention, is that these

deserted channels, as well as the other type of anomalous valleys

(those which now carry one of the main streams of the district), never,

or very seldom, receive any considerable tributaries ; and when they

do, there are usually manifest signs that the tributaries belong to a
drainage which was on a much higher plane before the time when
the anomalous valley was cut.

Newton Dale, which has served so often as an illustration, may

1 Details of these will be found in a paper, by Mr. H. B. Muff and the author,

read to the Edinburgh Geological Society on March 20th, 1902.
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conveniently be taken as typical of this feature also. Above Rain-

dale Mill several tributary streams come in, but they are all very short

and of small volume, and it is clear that the main valley could not

have been produced by confluence of such elements ; moreover, they

enter the main valley with a plunging slope, almost every one pro-

ducing waterfalls, and sometimes sheer drops. They come out on the

flat moor-tops 300 feet above the main valley, a few hundred yards

above the confluence. It is right to point out that, for a considerable

distance, the moor is a plateau corresponding with the top of a hard

bed of rock (Kellaways), and therefore the small streams would find

it difficult to cut through ; but this condition is not general, while

the peculiarity of the lateral valleys is.

An alternative possibility which I have had also to keep constantly

in view is, that in limestone-rocks streamless valleys may occur

which have been produced by normal drainage during the Glacial

Period (when all rocks were frozen, and therefore impervious to

water), whereas now no streams are possible in consequence of the

porosity of the limestone. Such valleys I know well ; they abound

on the Chalk Wolds, but their characters are quite different from

those of Glacial overflows : they do not cut watersheds.

Y. Pke-Glactal Level oe the Land.

The pre-Glacial level of Yorkshire appears to have been consider-

ably above its present elevation, for borings and mine-workings have

proved in many places Drift-filled hollows descending far below sea-

level; yet in no case has anything like a sea-bottom or marine
deposit been encountered, except in Holderness, to which reference

will be made later.

Borings close to the coast prove nothing very definitely, as we
do not know the exact form of the pre-Glacial coastline ; so tbat the

borings near the mouth of the Tees, stated by Mr. Barrow x to prove

Drift down to 90 feet below sea-level, do not yield much enlighten-

ment on this particular point ; and the borehole at the Grand Hotel,

Scarborough, which proved the presence of Boulder-Clay to a depth

of 100 feet below sea-level,
2 may well have been outside the pre-

Glacial shore-line. Right down the great valley from Newcastle to

Doncaster, however, there is abundant evidence of a convincing kind.

The great wash along the Learn depression described by Nicholas

Wood & E. P. Boyd 3
is an old river-valley, Drift-filled at present,

which at Gateshead is 140 feet below sea-level.

Prom the Tees southward, borings indicate a great depth of

Drift, until a line connecting Northallerton and Bedale is reached.

Here the Drift is shown by boreholes at Northallerton, Thornton-le-

Moor, Leeming Lane, and other places to be very thin ; and, as it

1 Mem. Geol. Surv. * North Cleveland ' 1888, p. 68.
2 Mem. Geol. Surv. ' Oolitic & Cret. Rocks South of Scarborough' 1880, p. 31.
3 Trans. N. of Engl. Inst. Min. Eng. vol. xiii (1863-64) p. 69.

2l2
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thickens again to the southward with a falling surface, it is clear

that an old watershed extends across the valley.

In the neighbourhood of York, the Drift has in many places been
proved to rest upon a rock-floor about 50 feet below sea-level

:

southward it descends lower still, namely, to 74 feet at Cawood^
and in a boring at Barnby Dun, near Doncaster, I saw Drift-clay

being brought up from a depth of about 170 feet below Ordnance-
datum. 1

In the Yale of Pickering, according to Mr. Fox-Strangways, 2 the

superficial deposits reach a thickness of 107 feet, and
' if the superficial deposits were removed, the sea would again enter this

valley to beyond Malton.' (Log, c'd. footnote.)

The foregoing facts, especially those regarding the country about

York and the Yale of Pickering, show that in pre- Glacial times the

land must have stood very much above its present level, the

Barnby-Dun boring indicating a minimum of probably 170 feet

;

but there is a most perplexing complication introduced by the

evidence obtainable in Holderness, to which I purpose reverting

on some future occasion.

The researches of Mr. Lamplugh have shown that the ancient

coastline south of Flamborough Head swept in behind (that is, west

and south-west of) Bridlington, and he has admirably described the

contents of an old sea-beach, clearly of pre- Glacial age, as it is

covered by the oldest Glacial deposits of the district, which lies at the

foot of a buried seaworn cliff at Sewerby. This cliff can be traced

by borings and other excavations round to the Humber at Hessle

;

and the whole district of Holderness consists of Glacial deposits

resting upon an old plain of marine denudation extending out from

the foot of the cliff. The beach is practically atthelevelofthe
existing beach. 3 What relation in time this level of the land

bore to the period of elevation, when the deep valleys were excavated,

it is not easy to ascertain : but the Sewerby-beach stage seems to

have been a long one, judging by the magnitude of the denuded

floor under Holderness. The excavation of the broad Yale of

York must also have been a very slow operation.

No marine or estuarine fossils have been discovered in the super-

ficial deposits of either the Yale of York or that of Pickering, but

near Speeton an estuarine deposit of pre-Glacial or early Glacial age

occurs at an altitude of 90 feet above eea-level.
4 This, however, is

outside the Yale of Pickering, or at least on the seaward face of the

Chalk-escarpment which swings round out of the Yale. Moreover,

if its present position is due to any general earth-movement, and

1 I have prepared a map showing the depth of the rock-floor from Seaton

Carew to Barnby Dun, which will be published in the Proceedings of the Yorks.

Geological & Polytechnic Society,
2 Mem. G-eol Surv. ' Jurassic Rocks of Britain ' vol. i (1892) p. 432.
3 The maximum difference of level does not exceed 5 feet. See G. W.

Lamplugh, etc' Report on an Ancient Sea-beach' Rep. Brit. Assoc. 1888 (Bath)

p. 336.
4 See G. W. Lamplugh, { Drifts of Flamborough Head ' Quart. Journ. Geol.

Soc. vol. xlyii (1891) p. 384.
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not, as Mr. Lamplugh thinks, to a local deformation, it proves a

lower land-level at that period, not a higher.

The blown-sand and landwash resting on the Sewerby beach do

not necessarily imply even a temporary elevation, of however small

an amount ; for, as the obstruction upon the eastern coast of Britain

of the great Scandinavian ice-sheet would be exercised progressively

from north to south, and it is probable that the Straits of Dover had
not been opened at the beginning of the Glacial Period, the nar-

rowing strait to the northward would admit so little tidal water

that the North Sea would become practically tideless, and the highest-

beaches (namely the ' storm-beach ' and springtide beach) would be

abandoned by the sea. I think it quite probable that the blown-

sand and landwash of the Sewerby section represent this phase,

which must have intervened between the abandonment of the beach

and the onset of the ice that deposited the Basement Boulder-Clay.

Briefly, the evidence of the Yale of Pickering and the Vale of York
indicates a long period of pre-Glacial elevation ; while the evidence of

the Sewerby beach and cliff, with the wide plain of marine denuda-
tion which confronts them, shows very clearly that for a long period

of time (pre-Glacial or early G-lacial) the land-level was practically

identical with that of to-day.

How these apparently conflicting results are to be reconciled I

cannot undertake to suggest, beyond saying that the different levels

were probably successive.

VI. Glacial Deposits and Glaciation of the Cleveland Aeea.

The Glacial deposits which fringe the Jurassic hill-country of

Yorkshire, and penetrate at a few points into the interior of the

system, present few features special to the region, save in the matter

of distribution and the nature of the included erratics.

Most writers on the subject have recognized a threefold division

of the Drift, namely :

—

Upper Boulder-Clay ;

Middle Sands and Gravels ; and
Lower Boulder-Clay.

Few sections exist which show the three divisions superposed,

and it appears to be mainly by its relation to a bed of sand or

gravel—assumed to be the middle member of the series—that a mass
of Boulder-Clay can be pronounced to belong to the Upper or Lower.

In the Geological Survey Memoir on the country round North-

allerton, Mr. Fox-Strangways speaks of the ' reddish Upper
Boulder-Clay,' and later of the ' Boulder-Clay,' maintaining

throughout this region ' its usual character of a stiff clay having a

dark colour when unweathered.' He further remarks that ' foreign

rocks occur principally in the lower Boulder-Clay, the upper clay

is almost stoneless.' It may be gathered from this, that there are

two beds of Boulder-Clay—a lower, which is blue, and contains

many boulder3 ; and an upper Boulder-Clay, which is red, and
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almost destitute of included stones. This distinction has not been
noted in the area to the south, but Mr. Barrow found that in the

Northern Cleveland area the Upper Boulder-Clay was of the same
character ; while the lower bed differed from that described by
Mr. Fox-Strangways only in being of a dark chocolate-colour,

varying at Whitby to reddish purple. The same divisions, similarly

characterized, are mentioned in the Geological Survey Memoirs on
Eskdale & Rosedale, and on the country between Whitby and Scar-

borough, but in that on the country south of Scarborough no
attempt at such a classification is made.
At Flamborough Head and in Holderness, however, the two

Boulder-Clays appear with their normal characteristics. I may here
remark that a relatively stoneless Upper Boulder-Clay has been recog-

nized by Hull, Mackintosh, and others in Lancashire and Cheshire
;

but I am not convinced that the distinction is a constant and valid

one. The Middle Sands and Gravels form a very unsatisfactory

division ; and while in some sections they appear to be entirely

absent, in others there are several beds intercalated between successive

sheets of Boulder-Clay (as, for example, in a boring at Stokesley).

Regarding the relative altitudes which these subdivisions are

said to attain upon the hills, there appears to be complete accord

among the officers of the Geological Survey. Both Mr. Fox-
Strangways and Mr. Barrow remark that the Lower Boulder-Clay is

found at much greater altitudes than the Upper Clay, and that the
4 Middle Sands and Gravels range still higher.'

Apart from the general statement that foreign stones are more
abundant in the Lower than in the Upper Clay, little has been
recorded regarding any differences between the erratics contained in

the Boulder-Clays. However, information of value has been supplied

respecting the boulders contained in the Lower Clay at Whitby,
They include Carboniferous Limestone, Magnesian Limestone,

Yoredale cherts and sandstones and Shap Granite, along with patches

of Lower Liassic shale. These records are of great importance, as they

enable us to say that at the time when the oldest Drift-deposits of

the district were being accumulated, a transport of erratics from the

westward or north-westward had already set in. My own notes

record the following stones from the 'Middle Sands and Gravels'

in the same cliff:

—

Jurassic and other sandstones, Magnesian Limestone, Carboniferous Lime-
stone (not very abundant), basalt, greywacke sandstone and. conglomerate

('sparagrnite'?), jasper, alum-shale (a large block), Gryphcea incurva, and a ball

of red Boulder-Clay.

This assemblage is very similar to that in the Lower Clay. Taking

the whole of the erratics in the district without particularizing

the beds in which they have been found, the following groups may
be recognized :

—

1. Sedimentary Rocks.
' Greywacke ' sandstones and conglomerates

;
jasper-pebbles ; Carboni-

ferous basement-conglomerate (Roman - Fell type) ; Carboniferous
limestones, cherts, grits, and sandstone ; Brockram (Permian) ; red
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sandstone (perhaps Triassic)
;

grains of red marl (perhaps Triassic)

;

Liassic rocks and fossils representing every division ; Jurassic sandstones

«

and limestones ; Chalk and flints (generally black, and not of the

indigenous Yorkshire type).

2. Metamorphic Rocks.
Gneisses and schists.

3. Igneous Rocks.
Granites from the South-west of Scotland (Criffel, etc.) ; noncrystal-

line rocks (including Shap Granite), lavas, and ashes from the northern

and eastern portions of the Lake District and the Yale of Eden ; the

Whin Sill, and Cleveland Dyke
;
porphyrites from the Cheviot Hills

;

ekeolite-syenite, laurvigite, and rhomb-porphyry from the Christiania

Fjord. Quartz-porphyries, granites, etc., the place of origin of which i&

at present doubtful.

The rocks may be grouped, according to the probable or ascertained

place of origin, in the following manner :

—

I. South-western Scotland.

Criffel Granite.

II. The Lake District and the Yale of Eden.
Shap Granite, lavas and ashes of the Borrowdale Series,.

Brockram, Carboniferous conglomerate, vein-quartz.

III. Teesdale or other valleys of the northern part of the Pennine
Range.

Carboniferous limestones, grits, sandstones, and cherts.

IY. South-eastern Scotland (Yalley of the Tweed) and Cheviot Hills..

' Greywacke ' sandstones and conglomerates, jasper,

porphyrites.

Y. Eastern Durham.
Magnesian Limestone (botryoidal type of Roker, near

Sunderland).

VI. Christiania region.

Rhomb - porphyries, laurvigite, elasolite-syenite, and
perhaps some of the ' greywacke ' sandstones and
conglomerates (' sparagmite'), many metamorphic

VII. Gulf of Bothnia.

Post-Archaean granite of Angermanland, and probably
some quartz-porphyries.

VIII. Denmark, or bed of the North Sea.

Black flints.

These series may be arranged again in three sets, to indicate the

possible routes by which they travelled. Series I, II, & III may
well have travelled together in a movement from the Irish Sea by
way of the Solway Firth, the Yale of Eden, Stainmoor Pass, and the

Tees, probably with a loop-line via the Tyne. This may be termed

the Western Group.
Series IY and Y have probably travelled in company, as the coast

of Durham lies immediately in the path from the Cheviots to the

Cleveland area. It is possible that some of the Carboniferous rocks

and the Whin Sill may have come by this route from Northumber-
land; but, except the Cheviot porphyrites, no distinctive Northum-
brian rock such as the ' Pea-Pos"t ' (Saccammina-limestone) has yet

been found in Yorkshire. It should, however, be pointed out that

the Pea-Post is generally an extremely friable rock, unlikely to
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withstand much rough usage in transport. This may be termed
the Northern Group.

Series VI, VII, & VIII, constitute a natural Eastern Group.
The Jurassic rocks and Cleveland Dyke are native to the Cleveland

Hills. Mr. Barrow has noted several cases, in which large masses

of Lias have been lifted and deposited at a higher level than the

adjacent outcrops.

Reference has already been made to the relative distribution in

altitude of the different members of the Drift Series. I may now
briefly describe the distribution of the Drift as a whole.

The Drift-deposits, including in the term all deposits of Glacial

age without reference to the mode of their formation, completely

surround the Cleveland area, and extend through the two valleys, the

Vale of Pickering and Eskdale, which run in a westerly to easterly

direction across the Jurassic outcrop ; but, except on the north, they

extend only a short distance into the hill-country, and the great

valleys which trench the Jurassic dome on the south side of the

watershed, as well as the dome itself, are entirely Driftless.

Regarding the northern slopes of the Cleveland area, Mr. Barrow
remarks, c The Drift becomes very thin at 600 feet above sea-level,

and disappears altogether above 850 feet.'
1 My own observations in

the main confirm those of Mr. Barrow, but as, throughout this work,

I have freely used a hand boring-tackle, I have in a few instances

been able to rectify his lines in unimportant details of boundaries.

Commencing at the western end of the great Cleveland escarp-

ment above Ingleby Arnecliff, the Drift is found to run up the slopes

to an altitude of about 400 feet ; and, though this appears to be the

general level to which the continuous sheet of Drift attains along

the steep face of the escarpment, in embayments, such as Scugdale,

it extends to over 700 feet, and on a few spurs, as at Busby Wood,
to over 800 feet, and a similar elevation is reached near the ascent

to Chap Gate. Beyond this point the levels fluctuate considerably,

and the maximum is attained on the Lockwood Hills, where a

spread of gravel forms a capping at 867 feet. Farther eastward,

the boundary varies slightly above and below 800 feet, until at

Robin Hood's Butt the watershed falls at one col to the Drift-level,

760 feet. From Stonegate eastward, the Drift crosses the
watershed in an almost continuous sheet as far as Whitby, inter-

rupted however by Kempston Rigg, which forms a narrow Driftless

strip at altitudes above 800 feet.

While the actual Drift-deposits are thus limited to levels not

exceeding 867 feet, there is a sporadic scattering of small erratics

reaching at three or four places upon the brow of the escarpment to

higher levels : thus at Carlton Bank, pebbles of foreign rocks were
found up to 1000 feet. Similar phenomena have been observed in

other parts of the district : for example, scattered pebbles, mainly of

white quartz, were noticed by the officers of the Geological Survey

1 Mem. Geol. Surv. ' North Cleveland ' 1888, p. K.
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on High Moor near Peak at 850 feet, and I have found in the

same district a thin deposit of gravel at Green Dike at 825 feet,

which yielded pebbles of granite, quartz-porphyry, porphyrite, and
flint. I do not think that in all cases these scattered pebbles can

be accepted as evidence of a wider extension of actual Drift-deposits.

Still less do I consider that it would be safe to infer that they

necessarily imply the invasion of the area by ice to so great an
altitude.

Along the strip of country from Robin Hood's Bay to Seamer, the

maximum altitude reached by the Drift falls from about 700 feet at

Gate Hills, and 825 near Pye Rigg, to 600 feet on Scarborough

Racecourse ; but the general level between the two points declines

fairly steadily from 700 down to about 400 feet. Some authors

have experienced a difficulty in understanding how deposits laid

down along the edge of a sheet of land-ice should show such varia-

tions as these, but it should be observed that higher grounds upon
which such deposits could be laid do not exist continuously along a

line connecting the two extreme points. At the southern end, it is

noticeable that the Drift simply touches the front of the moor, and
does not extend down its gentle westerly slope. Along this strip of

seaboard, the Drift, except for a small patch in the bottom of the

valley near Hackness, nowhere extends more than 4 miles from

the coast, and the hill-country within is quite destitute of Drift.

Drift-deposits in the Vale of Pickering do not attain a greater

altitude than about 350 feet. The patches of gravel and of Boulder-

Clay at the western end of the Vale are worthy of a more extended

study than I could devote to them ; but Mr. Fox-Strangways records

that the patch of Boulder-Clay near Thornton Dale contains local

rocks exclusively, and I have recently examined two areas mapped
as Boulder-Clay near Helmsley, at the Acres and at Sprotten

respectively, and such scanty traces as I could find yielded local

rocks solely.

The Drift-deposits along the escarpments overlooking the Vale of

York, though outside the area dealt with in this communication,
may nevertheless be mentioned, as they have an important bearing

upon the mode of origin of the Glacial deposits and features herein

to be described.

Mr. Fox-Strangways says, 1

' Taken as a whole, the Glacial deposits never rise much above the 600-foot
contour-line, and only attain this elevation along the northern escarpment of
the Oolites ; in the south they are not usually more than 400 feet above sea-

level, except at Oulston, where the gravels rise to nearly the 500-foot contour.*

The Drift extends for a long distance to the southward, and,

excluding some small patches marked as Boulder-Clay and gravel

along the edge of the hills, it may be said to terminate in the two
splendid moraines at York and Escrick respectively.2 The summit-

1 Mem. Geol. Surv. 'Northallerton & Thirsk' 1886. p. 53.
2 Carvill Lewis, tiep. Brit. Assoc. 1887 (Manchester) p. 692, & ' Glac. Geol. of

Gt. Britain & Ireland ' 1894, p. 188 ; P. F. Kendall, Proc. Yorks. Geol. &
Polyt. Soc. n. s. vol. xii (1893) p. 306.
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altitude of the highest of these moraines at Bilbrough is rather over

150 feet above sea-level.

Glacial Striae.

Down to the time when the geological maps and memoirs of the

district were published, no Glacial stria? upon the bed-rock had been
discovered ; but Mr. Barrow, in his memoir on North Cleveland,

stated that at Hob Hill, near Saltburn, when the Drift was cleared

away, ' the Ironstone was found to be deeply grooved, the direction

of these hollows running roughly north-west and south-east/ 1 The
Drift here appears to have been recognized by him as Lower Boulder-

Clay, an important fact. Mr. Barrow also mentioned that, ' as a

rule, where the clay is thin it is so largely made up of the underlying

rock, or the rocks a little to the west' (pp. cit. p. 65) etc.

Since that time, the geologists of the East Hiding have taken up
the study of the Glacial deposits with great earnestness, and the

following observations of striated surfaces have been recorded :

—

Filey, Carr Naze (south side). G. W. Lamplugh. N. 20° E.

Do. Do. (north side). J. W. Stather. N. 24° E.
Bayness (north of Robin Hood's Bay). H. B. Muff & T. Sheppard. N.
Sandsend, near Whitby. J. W. Stather. N. 35° W.
Roker, near Sunderland. P. F. Kendall. E.N.B.

Reference should also be made to the striations observed in the

coast-region of Northumberland, as they bear directly upon many
of the problems relating to the glaciation of Yorkshire.

The distribution of local materials in the Drift of the area under
consideration is very significant, as Mr. Barrow has shown for

the area north and west of Whitby. South of that town, I have
observed the frequent occurrence along the coast of masses of

Jurassic rock to the south of their native outcrop ; but I have heard

of only a single example that might be interpreted as indicating

movement in the opposite direction, namely, Mr. J. W. Stather's

record of blocks of Chalk at Scalby Mills, near Scarborough.2

Occurrence of Shells ;n the Drift.

Shells, mostly fragmentary, have been recorded from the Drift-

deposits of various localities in the area under notice, except

the western end of the Vale of Pickering. Mr. Fox-Strangways,

speakiug of the gravel which fringes the great escarpment to the

east of Ingle by Arncliffe and runs up the dales opening off it, alludes

to ' hinges of Tellina balthica being very plentiful in this gravel/ 3

Mr. Barrow, in the North Cleveland Memoir, mentions the occur-

rence of the same shell at Rye Hill near Great Ayton (I also have

found several fragmentary shells at this place) ; at Stanghow Moor,

in sand resting on Lower Boulder-Clay (at an altitude of about 800

feet) ; and at Whitby, in Lower Boulder-Clay. In the Eskdale

1 Mem. Geol. Surv. ' North Cleveland ' 1888, p. 66.
2 Rep. Brit. Assoc. 1898 (Bristol) p. 554.
3 Mem. Geol. Surv. ' Country around Northallerton ' 1886, p. 54.
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& Eosedale Memoir the species is recorded in Eskdale at Egton, at

Far Carr Wood, and at a pit near Egton Church with other shells,

aDd again in the Lealholm moraine (see p. 506). In the Memoir
on the country between Whitby and Scarborough, Tellina balthica

is recorded as occurring in the Middle Sands at Robin Hood's Bay

;

and in the Memoir on the country to the south of Scarborough, it is

stated that great numbers of shell-fragments occur in gravels on the

north side of the Yale of Pickering, about Wykeham and Ayton.

YIL The Ice-Sheets.

It will greatly facilitate the line of argument which I propose to

develop in the following sections, if I state at the outset the con-

clusions to which my studies have led me regarding the course and
distribution of the ice-currents that operated about the margins

and, to some extent, over the ridges of the Cleveland area. I may
first remark, that I have been unable to detect any signs of the

presence of the sea in the area at any time during the Glacial

Period ; and the occurrence of fragmentary and a few whole shells I

ascribe to the invasion of the country by the edge of an ice-sheet,

which advanced on to the land after traversing a sea-floor strewn

with shells. I have elsewhere stated pretty fully the reasons

which have weighed with me in arriving at this conclusion, and
it is satisfactory to find that many of the a priori objections urged

against the possibility of glacier-ice picking up, transporting,

and redepositing marine shells derived from deposits over which it

has passed, have been dissipated in a decisive way by the obser-

vations of Profs. Garwood & Gregory upon the Ivory-Gate Glacier.
1

The same observers also proved in a conclusive manner that shells

and other materials picked up by a glacier could be transported

to a higher level than the bed from which they were
obtained.

The principal facts with which I started out were—firstly, the

occurrence of three groups of erratics derived respectively from the

west, the north, and the east ; secondly, the distribution of the Drift

as a continuous sheet on the west, north, and east of the Cleveland

Hills, and not in the central part, except in the Esk Yalley ; and,

thirdly, the striations and the nature of the deposits.

I will consider the western group first.

It has long been known, mainly thanks to the accurate researches

of Mr. J. G. Goodchild, Mr. W. Gunn, and the late Prof. Carvill

Lewis, that at one stage of the glaciation of England, so great a

condition of congestion existed in the Irish-Sea basin, that a great

volume of ice bore in upon the Solway, and being joined on the one
hand by ice from the Southern Uplands of Scotland, and on the

other by that from the Lake District, it filled the Yale of Eden to

overflowing. One immense stream swept over the Tyne watershed
and invaded Northumberland, while at the other end of the Crossfell

1 Quart. Journ. Geol. Soc. vol. liv (1898) pp. 205, 206, 219, etc.
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Range a great overflow took place by the Pass of Stainmoor, at

altitudes ranging from. 1435 feet (the lower pass) to 1800 near
Roman Fell. This latter glacier entered Teesdale just below
Middleton, where (as I am informed by Mr. Dwerryhouse) it was
joined by a native glacier having its source in Upper Teesdale. It

was charged with igneous rocks from the Lake District, most notable

of which is the Shap Granite. This glacier made its way down
into the low grounds, where it seems to have deployed considerably,

and it reached the sea-coast, which was probably not very far

distant from its present position. How far the glacier extended

seaward has not been, and I think probably never will be, definitely

ascertained ; but a belt of very rough sea-bottom, known to fishermen

as the ' Rough Ground,' strewn with large boulders, among which
are many of Shap Granite, lies a few miles off the mouth of the

Tees, and this was interpreted by Carvill Lewis as the moraine.

It is not to be supposed, however, that the boulders of Shap
Oranite were in all cases borne to their ultimate resting-place by
the ice of the Teesdale Glacier—they are scattered right down the

coast of Yorkshire, and even into Lincolnshire ; and it seems to me
most probable that those at least which are found to the southward
of Robin Hood's Bay were carried by a later ice-movement. The
advance of the Teesdale Glacier I believe to have effected the

grooving of the rocks at Hob Hill described by Mr. Barrow (see

p. 494), and the general west-to-east transport of local material

associated with the Lower Boulder-Clay.

At some stage of the Glacial Period, the advance of the Scandi-

navian ice-sheet barred the access of the Teesdale Glacier to the

coast-line—whether at an early or a late stage will be discussed

subsequently ; and the Teesdale Glacier was compelled to turn from
its direct seaward path. Two courses lay before it—to turn north-

ward into the Wear Valley, or southward into the Vale of York.

The northerly route was preoccupied, however, by the native Wear-
dale Glacier, which was perhaps already much encumbered by the

pressure of the Tyne Glacier on the north, and consequently the

route down the Vale of York was adopted. The watershed, which
in pre-Glacial times separated the Tees drainage from the Ouse, was
a very low one,

1 lying about on a line joining Bedale with Northal-

lerton, where the Drift is now very thin, and over this the glacier

passed. It received a great tributary from the Ure Valley, and
possibly one from the Valley of the Swale, but I am rather disposed

to agree with Carvill Lewis in thinking that Lower Swaledale was
not occupied by a glacier. The western edge of the Teesdale

Glacier, where it swept over into the Vale of York, surmounted hills

600 feet above sea-level, and may be presumed to have been of

greater altitude. It stretched down to Escrick, where it left a

splendid terminal moraine, and a second terminal moraine spans

the Vale at the city of York itself.

1 There was no doubt a very great sub-glacial denudation of the soft Triassic

sandstone, but no attempt can be made to evaluate it. I think, however, that

no material change was made by it in the position of this watershed.
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The characteristic erratics of the western series occur throughout

the Yale of York, and in particular the Shap Granite is found from

side to side of the Yale, and even, on the western edge, to within

2 or 3 miles of the outermost lateral moraine, as at Lindrick Farm
near Ripon.

The northern group of erratics was brought by an ice-movement,,

which may for present purposes be regarded as having originated

in the Tweed "Valley. The ice generated in the head of that

valley appears to have flowed without hindrance as far as the

neighbourhood of Coldstream, where, at one stage, instead of

pursuing its direct course down to the sea at Berwick, it turned

sharply round the projecting end of the Cheviots through an angle

of about 140°, and took a course almost directly southward.1

What the constraining agent was, which bent a great glacier 20
miles wide through so rapid a turn, is not quite so clear as in the

case of the Teesdale Glacier. When we observe, however, the way in

which the whole of the Eastern Scottish glaciers suffer deflection,

either northward or southward, as they approach the coast-line, it

seems impossible to resist the conclusion pressed upon us with such

skill and force by the late Dr. Croll and Prof. James Geikie, that it

was the overmastering influence of a Scandinavian ice-sheet filling

the North Sea, and bearing down upon the whole coast-line of

Britain, from Norfolk to Caithness. The Tweeddale ice was un-

doubtedly driven to the southward over the seaward portion of

Northumberland, and, to judge by the great profusion of the

porphyrites among the Yorkshire erratics, and the large proportion

which they bear to the other erratics in certain deposits and in

particular districts, I think it highly probable that the ice which
swept the belt of porphyrite-lavas fringing the Cheviots, did actually

invade the Cleveland Hills and much of the coast-line farther

south. The Cheviot porphyrites form a notable element in the

Drift as far westward at least as Scarth Nick, near Ingleby

Arnecliffe, and I am disposed to regard them as the natural

associates of the fragmentary marine shells, with the distribution

of which theirs very closely agrees.
2

It appears to me not improbable that the Tweed-Cheviot ice

passed off the land on to the bed of the North Sea somewhere
between the mouth of the Coquet and that of the Tyne, and that

it re-invaded the land, under pressure from the east, somewhere
about Boker, or perhaps a little to the northward of that place.

The striations at Boker clearly indicate a movement in from
seaward, and at several places on that coast worn flints have been
found in the Drift.

3
I have found them abundantly myself at

West Hartlepool, and I think that they must have come from the
sea-floor.

1 P. F. Kendall & H. B. Muff, Geol. Mag. 1901, p. 513.
2 For many important facts regarding the distribution of these rock?, see

J. W. Stather, Geol. Mag. 1901, p. 17.
3 E. Howse, Trans. N. of Engl. Inst. Min. Eng. vol. xiii (1863-64) p. 173.
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The last of the great ice-flows to be considered is the Scandinavian

ice-sheet. The evidences of the approach of this great ice-sheet to

the coast of Yorkshire are both direct and indirect. Scandinavian

rocks of unmistakable character are found in Glacial deposits both

on the coast-line and far inland. Mr. J. W. Stather found in my
presence a beautiful specimen of rhomb-porphyry, in a deposit of

Boulder-Clay at an altitude of 810 feet above sea-level, on the hills

above Lockwood : this is both the greatest altitude and the most
westerly situation in which these rocks have been found in the

district. The augite-syenite of Laurvig I have found on the shore

between Saltburn and Redcar: this is the northernmost known
occurrence of a Scandinavian rock in Britain.

Evidence is furnished by the consistent direction of the Glacial

striae along the Yorkshire coast of the operation of an ice-sheet

invading the country from the north-east, and the distribution of

the Drift strongly reinforces this evidence.

I must reserve for later discussion the question of the order in

which these three ice-movements took place, but it will render my
description of the special phenomena of the ice-margin more intel-

ligible if I say at once that the general order appears to have been :

—

(1) the Teesdale Glacier's unobstructed access to the coast
; (2) the

arrival of the Scandinavian ice-sheet and diversion of the Teesdale

Glacier into the Yale of York ; and (3) the invasion of the

Scottish ice.

VIII. The extra-Moralntc Lakes.

I have found it convenient to deal with the mass of complicated and
mutually related detail by the adoption of an arrangement of the

facts partly geographical and partly chronological. I shall describe

hrst Lake Pickering—the lowest lake of the sequence, and the

one which for a long period received practically the whole drainage

of the northern, central, southern, and eastern parts of the area

under consideration, leaving, perhaps, the western margin to drain

independently. I shall then deal with its great affluent Newton
Dale, and so pass up into the Eskdale drainage. Here it will be

necessary to recognize and describe two distinct periods or phases.

These two phases will be dealt with separately, and between them
it will be convenient to treat of the lakes of the outer face of the

Northern Cleveland Hills. The next area to be considered will be

Iburndale and the Sneaton-Stainsacre recess, two indentations of

the southern side of Eskdale, east of Goathland ; then the coastal

strip from Whitby to Filey, in order from north to south in four

sections—Eobin Hood's Bay, Peak to Cloughton, Burniston to

Scalby, Scalby to Filey. This arrangement will follow closely the

actual course of the investigation, and, while the first portion, from

the Vale of Pickering to the outer face of the Cleveland Hills,

will ascend from lake to lake through a continuous system of

drainage, the second portion, from Iburndale to Filey, will descend
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through another chain of lakes in the direction of a continuous

drainage, finally reaching Lake Pickering again.

(1) The Vale of Pickering.

The geological and physical structure of this valley is simple. It

is a long faulted synclinal trough of Kimeridge Clay, lying

between the dip-slope of the Corallian Series on the north, and
the Chalk-escarpment on the south. On the west, it is to a large

extent shut in by a much-faulted tract of Jurassic rocks, from the

Corallian down to the Lias ; while on the east, along the strike of

the Kimeridge Clay, it opens out into Filey Bay. This structure

of the solid rocks would naturally give rise to an eastward-flowing

river carrying the whole drainage of the basin ; but this simple

hydrographical arrangement no longer obtains. Drift-deposits

of great thickness occupy the seaward end of the valley, and con-

stitute the materials of the cliffs for a considerable distance to the

south of Filey. They rise to a ridge which extends quite across

the valley, and attains a minimum altitude of 130 feet.

At the western end of the valley there are two gaps in the

Jurassic barrier—one broad and flat, via Coxwold and Gilling,

having a summit-altitude of almost exactly 225 feet, at the village of

Coxwold. This valley coincides with a couple of faults which bring-

down the soft Kimeridge Clay between harder rocks. The other

gap is the narrow deep gorge of the River Derwent. This latter

valley cuts through a watershed from 200 to 225 feet in height,

and it bears all the characters of a lake-overflow of the first type

—

a direct overflow (see p. 481). The existing water-level

in the gorge is well below 50 feet O.D. The floor of the

Yale of Pickering is occupied by alluvium, consisting in part of fine

laminated clay (Warp), and in part of sand with a little gravel.

The Glacial deposits extend up the valley only a short distance from
the seaward end, but a few small patches of gravel and small hill-

cappings, mapped as Boulder-Clay, are near the western end.

The whole drainage of the country south of the Esk, except a

strip a mile or two broad north of Scarborough, enters the Yale
of Pickering, and instead of taking the simple and direct course

to the sea at Filey, is all diverted, against the slope of the rocks

and the grain of the country, and passes out into the Yale of York
by the gorge at Kirkham Abbey.

The first suggestion that this anomaly was due to Glacial agency
must, I believe, be accredited to Carvill Lewis, who made Lake
Pickering one of the examples of extra-morainic lakes in his paper
read at the Manchester meeting of the British Association in 1887.
Mr. Fox-Strangways appears to have arrived independently at the
same conclusion, and has supported it by new and valuable evidence
in his paper on the ' Yalleys of North-east Yorkshire,' x and in his

Trans. Leicsst. Lit, & Phil. Soc. vol. iii (1894) p. 333.
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great Memoir ou the Jurassic Eocks of Yorkshire. Mr. Fox-Strang-
ways suggests that there was an original depression on the site

of the present overflow, occupied by a small stream flowing towards
Malton (Mem. Geol. Surv. ' Jurassic Eocks of Britain ' vol. i r

1892, pp. 423-24) :—
' Now, if we suppose the eastern end of the Vale of Pickering to be blocked by

Boulder-Clay, the drainage must naturally find its way out at the lowest point

;

this appears to have been at the head of the little valley which we suppose to

have occupied the position of the present course of the Derwent below Malton.
By gradually lowering the higher part of this valley, it would in course of

time change its slope to the opposite direction, and eventually drain the Vale
of Pickering, which during this period must have been a lake

' The edge of the escarpment, where it is cut by the present valley at Kirkham,
is between 200 and 250 feet above sea-level; the level of the Boulder-Clay
which now blocks the Vale of Pickering near Filey is 130 feet ; so that it only
requires the Glacial deposits along the seacoast to have been about 100 feet

thicker, to have sent the water over the depression to the south of Malton.'

Mr. Fox-Strangways recognized that such a lake should have
left traces of its strand-lines, and made the following observations

on that point :

—

'The most marked terrace at the present time is that on the north side of

the valley at Hutton Bushel, the level of which is a little more than 200 feet

above the sea, tbat is, exactly at the level that a beach would be formed when the

exit from this lake was across the hills south of Malton. Below this there are

two minor terraces, not so well marked, at about the 100- and 140-foot contour,

which probably denote periods during which the denudation of the Malton
gorge was for a time checked. Besides this there are no distinctly marked
terraces, but there is a considerable amount of gravel here and there, all of

which is below the 250-foot contour.'

While in thorough agreement with Mr. Fox-Strangways as to

the main lines of his explanation, and very grateful for the valuable

data which he has furnished, I am compelled to differ from him
regarding three points—small points indeed, but, in view of my work
in other areas, important.

The first relates to the nature of the barrier which held up the

waters of Lake Pickering. Mr. Fox-Strangways considers that it was

a barrier of Boulder-Clay, which has since been lowered by denu-

dation to the extent of 100 feet. Such an amount of pc-st-Glacial

denudation, except in the erosion of a valley or gorge, is quite

unparalleled. Everywhere we find moraines, drumlins, eskers,

and kettle-holes preserving their sharpness of form in great per-

fection ; and I find it much easier to believe that the ice which laid

deposits upon the tops of the hills, at altitudes of 450 to 600 feet,

both north and south of the Filey barrier, was the obstruction. I

think that Mr. Fox-Strangways will himself accept this explanation,

which indeed he offers for a similar case at Scalby, only a few miles

to the northward.

Another point of difference is very similar. I have mentioned

that there are two breaches in the hills which shut the Vale of

Pickering to the westward—the one by which the Derwent makes
its escape, and the Coxwold-Gilling depression. The difference

between their respective summit-levels is very small, but in the
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event of a lake overflowing this way the advantage of even 5 feet

would be decisive ; it is, however, by no means certain that the

Kirkham-Abbey route had the initial advantage. Mr. Fox-Strang-

ways is of opinion that it had, and that the Coxwold-Valley
erosion has no connection with the river-systems of the country,

and is probably of later date than any of these river-gorges.

I am unable to accept his explanation, which is, moreover, rendered

unnecessary, in my judgment, by this consideration, that the Coxwold
Valley itself was blocked by ice. The great glacier which descended

the Vale of York obstructed the drainage of the western edge of

the Cleveland area, and produced upon a small scale phenomena
similar to those which are displayed in the east and north. It

extended for more than 10 miles, perhaps much more, down the

Vale of York below Coxwold, and its terminal moraine at High
Catton attains an altitude of more than 100 feet. It therefore

seems reasonable to suppose that at Coxwold the ice rose quite as

high as the watershed. More than this, the officers of the Geological

Survey have mapped Boulder-Clay at an altitude of 279 feet in the

Coxwold-Gilling Valley, which was, I believe, invaded by a lobe

of the glacier.

The third point of difference is as to the exact nature of the

gravel-bench at Hutton Bushel. Mr. Fox-Strangways regards it as

a lake-beach, but reasons fully stated later have led me to conclude

that it partakes more of a deltaic nature, and that it came into con-

tact with the static waters of Lake Pickering only at the western
extremity.

Mr. Fox-Strangways has referred in his Memoir to a singular

abandoned valley entering the Vale of Pickering in the south-west,

near Settrington. He remarks that the cause of the alteration of the

drainage is not very clear. I would, however, point out that this

valley is excavated in the eminently porous and absorbent Corallian

rocks, in which deserted valleys abound, as they do in the Chalk-area

of the Wolds. Two general causes of these deserted valleys may be

here noted:—(1) the dry valleys of the Chalk Wolds, and certainly

many of those in the Corallian limestones, were excavated during

the Glacial Period, when the rocks w7ere in a frozen state, and there-

fore were impervious to water ; and (2) many valleys in the Corallian

limestones have been abandoned by streams which have found their

way into subterranean courses, in the manner so common in areas of

compact limestone. I have visited the spot, and have no suggestion

to offer : but, so long as the phenomenon is unexplained, it remains

a possible exception to generalizations respecting the intimacy of

the association of deserted valleys with evidence of ice-action.

The evidence adduced by Mr. Fox-Strangways may, I think, be

regarded as placing Lake Pickering among the well-established

tacts of Glacial geology ; and we may proceed to consider one of the

affluent streams, and see what conclusions may be drawn from its

features. There are many large valleys opening into the Vale of

Q..J. G. 8. No. 231. 2 m
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Pickering, some of which cut through the cover of the Oolites and
produce singular inliers of Lias. These all lie in the western half of

the area, and are probably due to the flatness of the top of the Cleve-

land anticline. Streams rising near the axis find difficulty in pene-

trating the harder beds of the Oolite, and so take an uncertain course

over the high flat moorlaud. Hence some stream-heads, as Mr. Fox-
Strangvvays has pointed out, have been captured by the Esk with its

shorter course to the sea, and consequent steeper fall. When these

moorland-streams pass away from the anticlinal axis, the dip of the

rock increases, the fall steepens, and the increased cutting-power

so obtained enables them to carve through the hard Lower Estuarine

Sandstone and make a slash in the underlying Lias.

In the eastern region, the beds have not been thrust up so high,

and the streams do not penetrate to the Lias. With the exception

of the anomalous valleys near the coast, to which reference will be

made in a later section of this paper (p. 535), these valleys are mainly
cut in the Middle and Upper Oolites, and are of comparatively small

dimensions. One, however, Newton Dale, has long been an object

of interest to me and of wonderment : because of its immense depth,

and the way iu which it passes completely through the watershed.

Reflecting upon these characters, with the light obtained by studies

of Glacial overflows near Ripon and Knaresborough, I was brought

to the conclusion that Newton Dale must be the overflow of a

glacier-dammed lake in the Eskdale country. An inspection of a

map showed that if the normal outlet of the Esk were closed, this

would, by its altitude, be the outlet. This clue led to the unravel-

ling of the whole chain.

(2) Newton Dale.

I have used this valley to illustrate so many features of overflow-

valleys, that comparatively little remains to be said. From
Pickering, where it debouches into the Vale of that name, it quickly

assumes a gorge-like character, the very steep sides rising to 300 feet

or more, according to the magnitude of the successive Oolitic escarp-

ments which are cut through. Above Raindale, where the largest

tributary valley enters, the Dale exhibits a series of bold windings,

as already mentioned, which display the characters of the ordinary

meanders of a stream, having steep outer curves and comparatively

gentle inner curves.

The amount of drainage passing down Newton Dale is very small,

especially above Raindale, and for 2| miles at the upper end there

is no continuous stream, but a bog, with an occasional strip of

running water. For half a mile at the actual summit there is a

great peat-bog, and no stream whatever except artificial drains.

This final half-mile is the most significant part of the valley, and

must therefore receive a rather detailed description. The water-

shed is here cut completely through by Newton Dale as a broad,

flat-floored trench, more than 50 feet deep, with steep sides. The

peat is evidently of great depth. I spent some hours here, in
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January 1900, boring the peat with a set of rods. I found that

at the apparent sill or intake at Fen-Bog Houses, there was a

depth of 16| feet of peat below the level of the water in a drain,

the water-level being about 4 to 6 feet below the bog- level. Another
boring touched rock below 13 feet of peat ; and a third reached gritty

clay at between 13 and 14 feet. The actual altitude of the rock-

floor in these cases was almost exactly 525 feet above sea-level.

If the peat were removed, the channel through the watershed would
appear as a clean cut, 75 feet deep. I was informed by a signalman
on the railway that the peat was much deeper to the southward, and
that piles were driven into it to a depth of 60 feet in the construction

of the railway. This part of the valley, known as Fen Bogs, is a

true lake-overflow, as pronounced as any of the 300 or more which
I have seen.

On the northern side of the watershed the valley inosculates with
that of Eller Beck, the normal valley of a stream which takes a

rather aberrant course. It flows in from the eastward, receiving

tributaries of about equal volume from the north and south ; when
it reaches the head of Newton Dale, a little over the actual sill of

the intake, it turns northward and flows through a Y-shaped
valley to join the Murk Esk (see fig. 4, p. 504 and Pis. XX & XXI).
Mr. Fox-Strangways, in the works quoted, suggests that Eller

Beck originally flowed through Fen Bogs, and that it was captured

by the headwaters of an active tributary of the Murk Esk, in the

fashion since made familiar to English readers by Prof. W. M. Davis.

Mr. Fox-Strangways regarded the great trough at Fen Bogs as a

reach of the Eller-Beck valley, which had lapsed into disuse by
the diversion of the stream. 1

A comparison of the sections of the two valleys will show that

this explanation is inapplicable, the Fen-Bogs channel being far too

large to have been cut by such a stream as Eller Beck, and it

belongs to a type wholly different from that which such a stream

would produce. The water-level in Eller Beck, at its nearest

approach to Fen Bogs, under conditions of heavy rainfall is only

about 6 feet at most below the sill of the Fen Bogs-intake, but
it flows over a bed of large boulders. It must have very narrowly
escaped capture by Newton Dale.

At the outset of this enquiry, I recognized that, if Newton Dale
were the overflow of a glacier-lake and subject to torrential rushes

of water, then a vast quantity of detritus must have been carried

into the Yale of Pickering to form a great gravelly and bouldery

delta. Reference to the maps of Pickering showed that such a fan

of gravel, the only one on the north side of the Yale, does exist

1 Since this was written (in August 1900), Mr. F. E. Cowper Eeed has
published a full discussion of the evolution of the rivers of East Yorkshire.
With most of his conclusions I am disposed to agree, indeed, geologists in

Yorkshire have for some years employed like explanations ; but, as to the history

of the Fen-Bogs channel and a few other similar cases, I am compelled to dissent,

as the sequel will show.

2m2
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there ; and an application to my friend Dr. Thornton Comber, of

Pickering, elicited the following valuable notes :

—

' The gravel-deposit is only marked as of a small area at Pickering. As far

as I know, the breadth is accurately recorded, but the deposit really extends
all the way to Bisborough, and is found about 6 feet below the present surface

whenever any digging has been performed. The stones are chiefly large, 1 to

2 feet in diameter, and rounded. They chiefly consist of hard moorland-grits.

Occasionally I have found pieces of whinstone—a large boulder of this, weighing
about a quarter of a ton, was found embedded some 6 or 7 feet deep in the

clay, when the men were baring the surface of the limestone, in one of the

quarries at New Bridge, at the mouth of Newton Dale.'

Here, then, appears to be a delta composed mainly of the harder

rocks out of which Newton Dale was excavated, with some foreign

rocks, notably a whinstone, which Dr. Comber identifies with the

Fig. 4.

—

Comparative series of sections across the valley of Eller Beck
and Newton Dale.

No. 2.—Section a'cross Ellerbeck, 250 yards below

confluence with Fen Bogs.

No. 3.—Section across Fen Bogs at the intake. «

No. 4.— Section across Fen Bogs

hb (S. of) intake.

40ir
IB

No. 5. £ Section across Ne
c en Bogs intake

(In section No. 3 the peat is represented to scale.)

Cleveland Dyke that crosses the hills about 2 miles north of the

intake at Fen Bogs. The coarseness of the material agrees well

with the expectation founded on the steep fall of the valley.

The area of gravel mapped as surrounding the Pickering outfall

is about '2 square miles, but Dr. Comber's data indicate that there
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is a much greater mass of gravel buried beneath a layer of Warp.
The appended map (fig. 5) shows the surface of the ground at

Pickering, which is seen to have the form of a digitated fan, precisely-

similar to an Alpine cone de dejection, but with a lower slope.

It will be shown in the sequel (p. 531) that Newton Dale ceased to

act as an overflow long before the close of the Glacial Period,

and the layer of Warp which partly covers the delta is seen to

have considerable significance.

Fig. 5.

Contour Map- of Pickering Delta.

[The gravel-covered area is copied from the 1-inch map of the Geological

Survey.]

(3) The Eskdale System of Lakes.

The existence of an overflow at Newton Dale clearly implies a

lake on the northern side of the watershed, and this could be pro-

duced only by an ice-dam blocking some part of Eskdale at an

altitude exceeding 525 feet, the level of the overflow.

Direct confirmation of this implication was obtained from a first

inspection of the maps. A series of ' severed spurs ' forming an

aligned sequence of overflows was found to extend from Eskdale

across the spurs separating the Valley of the Esk from that of the



506 MR. P. F. KENDALL ON A SYSTEM OF [Aug. I902,

Murk Esk and Eller Beck. These channels all indicated a flow

towards Fen Bogs. Details, with the field-observations, will he given

later. The distribution of the Drift furnished equally clear evidence

of the ice-invasion which would produce such a series of barriers.

Boulder-Clay and other Glacial accumulations extend completely

across the Northern Cleveland watershed from Whitby westward to

Stonegate ; and they not only extend far up the Yalley of the Esk
itself to Lealholm, but also follow closely the boundary that might
be assigned, solely on the evidence of the overflow-channels, to the

ice in the valley of the Murk Esk. Indeed the precision with which,

upon this evidence alone, I have been able to delimit the ice-margin

convinces me that, in lake-overflows, we have a means of defining

Glacial boundaries of the greatest value.

At the maximum extension of the ice, the Northern Cleveland

watershed, as I have stated, was completely overridden as far west as

the Stonegate Yalley ; but the lobate ice-margin appears never to have
crossed Lealholm Rigg, or at least to have left no clear trace either

as overflow, moraine, or any very definite Drift-deposit, though, in

the village of Lealholm at 625 feet, clay with foreign stones is

exposed, and scattered pebbles occur above the 700-foot contour.

An ice-lobe must have ascended Eskdale for a mile above the

village of Lealholm, and laid down a moraine extending quite across

the valley, obliterating the old course of the Esk.

This moraine has been cut through by the railway at its lowest

point, and consists apparently of stony Boulder-Clay with fragmentary
shells, but without admixture of sand or gravel. On the southern

side of Eskdale, much Drift is observable up to altitudes of about

700 feet ; but no recognizable moraine which could be referred to

this stage is to be seen until Glaisdale is reached, where a great

ridge of Drift extends across the valley with a minimum altitude

of 450 feet, and a height above the valley which it obstructs of

over 1 00 feet. In similar relation to the main valley is another

morainic barrier across the Butler-Beck (Egton-Grange) valley.

The continuation of the line of maximum extension is much
more definitely indicated from this moraine (which may not

represent the extreme limit of the ice, and on the other hand
may represent a later phase when the ice-front extended in a more
westerly direction though not at so great an altitude) onward by a

splendid series of overflow-channels. The first of these is a great

trench deepening and falling towards the south, which cuts across

the edge of Murk-Mire Moor. The sill of the intake is at an
altitude of 714 or 715 feet (Ordnance Survey B.M.), and it extends

for a distance of 1| miles as a deep groove of characteristic section,

filled with moss and swamp so as to be impassable in the winter,

when alone I have seen it.

After this stretch of complete trough, the channel is continued for

another mile to Hazel Head by a marginal channel, which for the

greater part of the distance is a mere shelf lacking an iceward

retaining-wall, but in some parts that function is performed by some
gravel-mounds. This shelf runs out, and disappears near the
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Hollins just below the 675-foot contour
; and as it fails to indent the

650-foot contour, it is clear to me that it reached the quiet waters

of a lakelet at 670 feet or thereabouts.

Where this overflow terminates, a mass of gravel obstructs the

valley of West Beck, which cuts over into the solid rock to avoid

it, and so forms Nelly-Hay Force. This is probably both delta

and moraine.

Between the West-Beck valley and the valley of Eller Beck, on

this parallel, there stands forward a bold spur, Two-Howes Bigg,

against which the ice must have abutted, ponding up the drainage

of West Beck ; for there is a beautiful marginal overflow, Moss
Slack, cutting round the shoulder of the hill and just getting through

the 675-foot contour. The precise correspondence of level between
the Murk-Mire outfall and the Moss-Slack intake cannot be

fortuitous.

The Moss-Slack overflow at its outfall-end cuts contours as low
as the 625-foot contour, but below that an existing stream may be

responsible. The way thence is open to Fen Bogs. (See PL XXII.)

The evidence of these overflows proves that at the maximum
extension of the ice a lake was held up in Eskdale to an altitude of

over 725 feet, lowering to 714 feet ; and assuming that it extended

no farther than the gap at West-Bank House (near Kildale), it would
have been about 11 miles long and not less than 400 feet deep: it

would have had ramifications up all the tributary valleys. I

propose for it the name of Lake Eskdale.
Lake Eskdale drained by the Murk-Mire-Moor overflow into

Lake Wheeldale, which stood at an altitude of 675 feet and was
about 3 miles long. Its extreme depth was about 225 feet.

Lake Wheeldale drained over Moss Slack at 675 feet into a small

lakelet in the Eller-Beck valley, the extreme altitude of which,

determined by the top of the Fen-Bogs notch, 1 was about 650 feet.

This lakelet, which I have always called the ' Vestibule,' but which
it may be more convenient to particularize by a geographical name,
Eller-Beck Lake, was probably 150 feet deep.

The period of occupation of the Hollins channel was very brief,

and a slight retreat of the ice-front caused the production of the much
more important channel consisting of two segments—Lady-Bridge

Slack and Purse-Dyke Slack.

A further retreat of the Cxoathland lobe of the ice-sheet had for its

first effect the withdrawal of the margin from Purse Moor, whereby
a ; lateral escape ' was opened in the Murk-Mire overflow so that the

distal portion, Purse-Dyke Slack, was abandoned, and the outfall of

the proximal half, Lady-Bridge Slack, was cut down below the

700-foot contour. I do not think that this affected the Moss-Slack

1 In determining tbe site of an original watershed, it should always be borne
in mind that an overflow cuts back as well as cuts down. I think that the

original water-parting between Newton Dale and Eller Beck was at least as far

back as Scar Nick, and Tback Sike was a tributary of Eller Beck.



Fig. 6.

—

Intake of the Castle-Hill oxbow viewed from Moss Siva»(/.

( The sill is SO feet above the -floor of the main valley.)

Fig. 7.

—

Randay-Mere valla/ viewed from the south.

[The above figures are reproduced from photographs by Mr. Godfrey Bingley.'J
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•overflow. The next shrinkage was a much more considerable one

—

the ice-margin withdrew to a position about a quarter of a mile from

the Murk-Mire-Moor channel and parallel to it, and a new channel

was commenced at the 675-foot contour. The channel ran round
the edge of the moorland, and for a long distance was bounded on
one side by ice. Traces of the scarp into the hillside are well seen

above Struntry Carr, indenting the 650-foot contour.

Its continuity was interrupted across the middle of its course by
the natural valley draining the moorlands, known as Oakly Beck, so

that this, like the higher channel, was in two segments—one, the

more northerly, Moss Swang, and the southerly, Randay-Mere valley.
1

The next shrinkage took place when Lake Eskdale was lowered
by erosion of the overflow at Moss Swang to about 625 feet.

This opened a low gap in the side of the channel at Castle Hill, and
led to the abandonment of the oxbow there. The main channel

continued to be eroded, and the oxbow, a splendid example of an
overflow, stands more than 50 feet above the main channel." The
view of this deserted channel from the main Moss-Swang valley is

very striking. (See figs. 6 & 7, p. 508.)
The last stage of ice-retreat traceable in this region is repre-

sented by a deepening and deviation of the Moss-Swang channel,

showing that the Banday-Mere segment was the first portion

abandoned. This is clearly shown by the lower level of the Moss-
Swang outlet, as compared with the Banda37-Mere intake.

JNo overflows corresponding with these are to be found on the

end of Two-Howes Bigg, and it is clear that the ice did not abut
against that hillside at such an altitude as to maintain a barrier

between Lake Wheeldale and Eller-Beck Lake. The two became
continuous, and may now be called Goathland Lake. During
the succession of events here described the Fen-Bogs outlet was
being lowered, but at a diminished rate, due to the fact that the
overflow had cut down to a bed of hard grit out of which the sill

came to be formed.

There is a shallow groove running behind the church at Goathland,
which may have been cut at the final stage of this lake. It is

a few feet, probably not more than 5 or 6, below the level of

the Fen-Bogs overflow; but there is another interest altogether

attaching to it, in the form of a scarp in hard grit, the same which
forms the sill at Fen Bogs, fronted and covered by bedded gravel

1 The last-named valley contains the reservoir that supplies Whitby with
"water. In the course of some repairs executed upon the floor of the reservoir,

a great thickness of superficial deposits was encountered. Mr. G. B. Williams
makes the following remarks upon them :

—
' At the bottom of the reservoir there

is a deposit of clay and silty sand, mixed with detritus from the surrounding rocks,

and interstratified with layers of peat, the whole being 60 feet to 70 feet deep
'

(Troc. Inst. C. E. vol. cxxxvii, 1899, p. 357). The author gives no diagram of
the section, and I suspect that some disintegrated rock in situ is included in

his description.
2 It is quite possible that the oxbow was produced by a slight re-advance of

the ice blocking the lower end of Moss Swang. There are signs elsewhere
of such an oscillation.



Pig. 8.

—

Serial sections across the overflow-channels
Murk-Mire Moor.

Fig. 9.—Map of the Eskdale system of lakes, at the levels corre-
sponding with the Ladij-Bridge-Slacl- and Moss-Swang
overflows.

v;,,'/
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with a few foreign stones. The level at which this is seen is about

560 feet. This is about the level of the top of the Moor Grit at

Fen Bogs.

At several points along the approach to Fen Bogs, a similar scarping

is observable. For example, at Thorn-Hill House it can be seen

extending across four fields ; and farther on, at Moss Dyke, where
the feature is very marked, there are clean sections visible, which
show that although the scarp coincides in altitude with the outcrop

of a hard rock, it is really due to an excavation in a facing of Drift-

material, perhaps the delta of Moss Slack. At Thorn-Hill House
the surface is Boulder-Clay with erratics, and at Moss Dyke the

section is as shown in figs. 10 & 11.

Fig. 10.

—

Section through the feature at Moss Dyke.

w

Fig. 11.

—

Section 10 yards upstream from jig. 10, showing gravelly

rcinwash bedded against grit.

A well-marked scarp is also visible about Hollin House, near the

Banday-Mere outfall, for a distance of fully half a mile. It is at

the same altitude as that mentioned above, namely, 550 to 560 feet.

Two features must be mentioned in conclusion, the deltas. At
the outlet of the Murk-Mire-Moor channel, from Hollin House to

Hazel Head, there is a considerable accumulation of gravel which
may represent the delta of that overflow, but the erosion of the

gorge would not supply a very large amount of material.

The lower Moss-Swang and Eanday-Mere overflow, however, is

on a gigantic scale, much of it being at present 100 feet deep by
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200 yards wide : we accordingly find at each outlet a vast accumu-
lation of gravelly debris. That at the end of the Eanday-Mere
segment has, with the Boulder-Ciay and other material thrown
down directly by the ice, completely filled the old valley of West
Beck, probably to a depth of 250 feet, and has compelled the stream

to cut a new channel for itself at Scar Wood, in the form of a great

rocky ravine nearly 200 feet deep.

About Julian Park, near the llanday-Mere outfall, great quantities

of boulders are found in the fields. The separate outlet of the

Moss-Swang valley at the lateral escape is also strewn with large

boulders.

Fig. 12.

—

Section from Julian Pari; to Two-Howes Rigy.

N.

>W O.D.

Scale ? '^ '
no
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We may now consider the conditions prevailing in Lake Eskdale
during the formation of the Moss-Swang outflow. The intake itself

presents some features of interest. Like the Fen-Bogs intake, the

last stages of cutting were through, or into, a hard bed of grit, which
forms a conspicuous platform in front of the actual sill. Along the

hillside to the westward there is a very steep and strong scarp, prob-

ably due to the ice thrusting forward and confining the inflowing

waters against the hillside.

Of beaches in Lake Eskdale I am unable to cite a clear example.
At many places the hillsides are notched, but there is only one level at

which the signs are at all widely prevalent: this is at about 560 or

575 feet. 1 have observed scarping at approximately this elevation

at the following localities :

—

Bramble Carr, near Danby Parsonage : about 560 feet.

Scale Foot, near Castleton : 560 feet.

Hornby House and Winsley Hill, Danby : above 575 feet.

Foul Green, Commondale, just above the old mine-shaft, two scarps

at 575 and 600 feet.

At the same levels are two very pronounced terraces in the gravel-mass in

Bellman Lane, Dauby-Dale End, and along the hillside above Lealholm,

especially near Hole-i'-th'-Ellers lor a considerable distance, at about 575 feet.

There are also remarkable benches of gravel at Stonegate at 560 and 575 feet

respectively, to which more particular reference will be made later.

These scarps, although in some instances clearly connected with

outcrops of hard rock, are in others, as for example at Scale House
and at Danby-Dale End, cut in gravel ; and I think that they may be
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regarded as marking the level of Lake Eskdale at the stages of

cutting represented by the grit-outcrops at the Moss-Swang intake.

The remaining phenomena of Lake Eskdale can be understood

only by reference to the conditions which prevailed in the country

outside the watershed of Northern Cleveland.

(4) The Lakelets of Northern Cleveland.

The evidence already adduced has made it clear that a great

press of ice bore upon the northern face of the Cleveland Hills.

At the western end denudation has almost completely swept

away one side of the Cleveland anticline, and left in its place a

deep rectangular recess overlooked by a serrate escarpment, which
exposes the sections of a number of beheaded valleys. Whether
marine denudation has had any part in this, or whether it has

been brought about solely by the action of rivers which have en-

croached by their headwaters and by the capture of tributaries,

I am unable to say ; but the cases of Lonsdale, the Leven, and
Sleddale, to be presently mentioned, seem to indicate that subaerial

denudation may have been the sole agent.

The distribution of erratics and other signs show that, at the

maximum extension of the ice, an overflow of water may have taken

place by every notch in the escarpment, though only of three places

can this be positively asserted.

The Whorlton Recess.

At the western extremity of the escarpment there occurs the

only example of a valley opening to the northward. This valley,

Scugdale, is hemmed in by lofty ridges rising to upwards of 1000
feet except at one point, where a gap occurs in Stony Ridge on the

west side of the valley. Here a narrow, sharply-cut notch breaks

through the 1000-foot contour, and forms the intake of a deep

channel, Holy-Well Gill, which has all the characteristics of a lake-

overflow.

I have examined this valley on two occasions, and though I felt that

there seemed to be an inherent improbability in the occurrence of

an overflow at such an altitude—the highest that I have observed in

the Cleveland area— at this particular place, yet the character of the
valley compels me to include it. The Drift in Scugdale does not

extend, or is not traceable, to so high an elevation. At Sparrow Hall
there is gravel with erratics up to over 600 feet above sea-level, but
along the hillside near the overflow, though traces of gravel are visible

up to 925, 1 found no erratics above 875 feet. When this overflow

was in operation, the valley must have been quite blocked with ice.

Simultaneously with the operation of this overflow, a small lakelet

was formed in a minor recess above Scarth Wood, which cut a weli-

marked channel through the watershed into the valley leading down
to Osmotherly ; but its operation seems to have been of brief duration,,

and a slight recession of the ice-front opened a lower notch, the
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fault-valley of Scarth Nick, which now carried off the waters both
of this lakelet and of Lake Scugdale.

Scarth Nick is a fine example of an overflow ; the valley is 100
feet deep, with a breadth of only about 150 yards at the top of the

cutting, narrowing to about 30 yards, or less, at the bottom. The
floor is flat, and contains much peat. Near its confluence with
Crabdale, a valley of normal shape, there is an immense accumula-
tion of gravel standing as a mound in the middle of the valley.

Lake Scugdale was, at its maximum, about 400 feet deep. When
Scarth Nick was opened, the level fell nearly 200 feet, but the area
of the lake was not greatly affected, for the hillslopes are steep, and
the recession of the ice-front would compensate for the loss.

Carlton Bank.

This, the next opening to the east of Scugdale, is a valley of the

southern slope which has been beheaded.

The intake-notch is very broad, and there is abroad flat sill at an
altitude of about 930 feet. The watershed is almost on the extreme
edge of the escarpment. I have found erratics right across the sill

and on the hills a little above it, so that the ice here must have
attained as great an altitude as in Scugdale ; but though there was
probably some wash of water over into the Hye drainage, there

cannot have been much, as the escarpment is very straight along

here, and there is no recess which could have held a lake.

The breach at Donna Cross has a double head a little over the

1000 -foot contour. It shows no definite signs of overflow, and the

same may be said of Carlton Bank ; but the next opening, the last

in the series, is of a different type altogether.

The Ingleby-Greenhow Corner.

The re-entrant angle of the Cleveland escarpment at the eastern

end is breached by a splendid overflow-channel, which had been

identified as such (before I saw it) by my friend, the Hev. J. H.
Hawell, M.A., P.G.S., who has accompanied me over much of the

Cleveland area. It is a deep, square-cut notch, carrying no stream

at present. Probably it drained a considerable part of the ice-

margin for a long period. It has no complications, and is a simple

example of the ' direct overflow.'

Kildale.

This remarkable valley is as interesting to the geographer, and

especially to the student of river-action, as to the glaeialist.
1

,

Its trough is a nearly direct prolongation of the axis of Eskdale,

and whatever cause is responsible for the selection by the Esk of its

valley must also have determined the formation of Kildale. The

1 The following remarks were written in their present form in August 1900,

before I had any
t
knowledge of Mr. F. E. Cowper Reed's work in the district.
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River Leven, which flows down Kildale, takes its rise in the moorland

to the south, and makes two turns nearly at right angles, so that its

upper course is actually parallel to Kildale, but in the opposite

direction. Here is very clearly a case of river-capture ; and this

conclusion is greatly strengthened by the fact that a tributary,

in Lonsdale, similarly flows eastward and turns abruptly into the

westerly drainage of Kildale. I think that these cases of capture

belong to a pre-Glacial time. Lonsdale certainly was incorporated

with the western drainage before the Glacial Period, but the head-

waters of the Leven are not so clear a case. It is possible that both

the Leven and its neighbour Sleddale Beck were captured by the

western drainage before the Glacial Period, and that Sleddale Beck
returned to its original direction.

Kildale is obstructed at its western outlet by a moraine,

which has compelled the Leven to make a new cut, the fine

gorge at the Bleach Mill. The moraine is 100 feet above the

floor of the valley, and the lowest part is at the northern end

where the gorge is cut. The upper part of the valley is largely

occupied by Drift-deposits, consisting mainly of sand and gravel,

which cover the central part of the valley, and Boulder-Clay is

mapped along the margins.

Lonsdale, a valley long attached to the western system of drainage,

opens into it on the northern side. Its high watershed is notched

slightly at the top, at Gribdalegate, by what I take to be a small

Glacial-lake overflow. The head of Kildale contracts in a very

marked fashion before reaching the point of entry of the Leven,

which is a very small and insignificant stream ; then it expands to

the watershed at West Bank. The watershed is broad and flat,

and is occupied by an extensive bed of peat. Sleddale Beck
comes in as soon as the watershed is passed, and is a large and swift

stream, many times the volume of the Leven. It flows at first

through a deep bed of alluvium, and then enters a more gorge-like

region with steep rocky sides composed of the hard grit, instead of

the Lias which formed the upper part of its course. It was early im-

pressed upon me that some extensive overflow must have taken place

across this pass during the Glacial Period, and I have taken some
pains to form an idea of the exact order of events. The altitude

of the Bilsdale overflow, wThich at the maximum extension of the ice

is the only one by which an escape could be found to the westward
for water in Eskdale and Kildale, is so much above the highest

level of the Eskdale Lake (725 feet), that an inflow must have taken

place from Kildale during that stage : and I can discover no evidence

of reversal of this flow, though it might have occurred as a temporary
episode, and left no sign. There is, however, such an uninterrupted

series of overflows into the Goathland area from the highest

(725 feet) down to the lowest phase of Moss Swang (560), which
is below the level of the West-House watershed, that I do not think

a reversal of flow at all probable. This being so, there must have
been a flow of water through the West-Bank pass into Eskdale. At
the higher levels of Lake Eskdale (725 to 715 feet) there would have
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been a depth of about 150 feet of water over the pass ; but as the

Moss-Swang overflow was deepened, the "Kildale pass became awash,
and at the lowest level the overflowing stream would actively cut its

way across. The evidence of this stage is very clear. Any overflow

through the pass in either direction would, of course, be checked by
the tranquil waters of a lake, and such coarse detritus as it carried

would be cast down in the form of a delta. Now, at Commondale,
where the narrow valley of Sleddale Beck expands, there is a great

mass of gravel extending up the southern slopes to about the

600-foot contour, and forming a very well-defined plateau at 550
to 575 feet O.D. It has a very steep face looking eastward, due
perhaps to the winding of the beck against it. The gravel consists

mainly of Jurassic sandstone, but there are also many foreign stones,

the most significant of which is a small boulder of Shap Granite.

I infer that this material constitutes the delta of an overflow down
Sleddale Beck, which was arrested by standing water at levels from
600 feet down to about 560 feet.

The gravel extends down Eskdale for about 2 miles, as an
infilling of the floor in which the river has cut a new valley. At
Holme Bank it lorms a barrier across the valley, and the river has
cut through the live rock on the north side. Here the top of the

gravel-mass is flattened off at an altitude of between 525 and
550 feet, which I think represents a stage of Lake Eskdale when
the withdrawal of the ice-barrier at Moss Swang opened a free way
to the Fen-Bog overflow, the level of which is about 525 feet, a

sufficiently close correspondence to be worthy of observation.

This second plateau is very distinctly lower than the one at

Commondale, and I regard it as evidence of a partial redistribution

of the materials of the upper delta when the lowering of the lake

caused an extension of the stream across its delta. A third stage is

represented by a gravel-flat extending to the eastward of the Howe
at Dauby, at an altitude just above 500 feet. Thi3, however, belongs

to a phase of the later history of Lake Eskdale which cannot be

described at this stage.

I may now say a few words about the post-Glacial history of the

West-Bank drainage.

Whether Sleddale Beck was ever captured by the Leven drainage

or not I am unable with any confidence to affirm ; but if, as I have

surmised, it had been, then the great flow of water which took place

eastward to Lake Eskdale must have had the effect of cutting back

the watershed and recapturing it. This shifting of the watershed

would gradually begin to operate upon the channel between Sleddale

and the Leven across West Bank. If the erosion were arrested at

this stage, we should find that the Leven would remain a constituent

of the western drainage ; but if, on the other hand, the erosion

proceeded farther, we might have the Leven in its turn recaptured.

This view I held at one time, but subsequent investigations have

somewhat weakened my confidence, and I am content to state the

facts and the alternatives, and draw no deductions.
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I have ascertained by levelling, that the watershed on the peat-

bog at West Bank is 584 feet 6 inches above O.D. I made an

almost complete traverse of the valley here, by a series of seven

boreholes, extending from the edge of the valley on the south to the

railway which is close to the north side of the valley. The first

boring gave :

—

Feet. Feet.

Peat 1H 4th. 20 yards N. Surface 585|

Clay, soft clay or Peat 17

peat. Hard blue —

'

sand in lower part. 6£ 5th. 20 yards north.

—

-

Peat 16
18 or 566^ Gritty clay.~ feet O.D. —

16

2nd. 15 yards to N. Surface 585£ feet. .„ „. , L.

6th. 20 yards north.
Peat 15

Pea J. 13
Clay, gritty clay . .. .7*

Impenetrable obstacle

22^ or 563
of wood,

= feet O.D.

7th. At the railway.

13

3rd. 13 yards to IS'. Surface 585£ feet. peat jg
Peat 164 Buttery blue clay with
Gritty clay 0| particles of grit-

stone 1

17 —= 17

These borings, which were made by me, with the kind assist-

ance of Mr. Robert R. Turton (of Xildale), show that, even if, as

seems probable, the boreholes, with the exception of Nos. 4 & 6,

actually reached the Lias, the rock-floor of the valley here is below
the level of the Leven, and it is very hard to understand why
that stream does not flow eastward to the Esk. 1 Pour possible

explanations suggest themselves :

—

1. That the Leven has been diverted by human agency.

2. That it has been obstructed by peat growing over a flat too broad to

permit of free drainage.

3. That it threw down a delta where it reached the flat, and that it sub-

sequently flowed round the margin of that delta.

4. That its old channel, now built up by peaty accumulation, is actually

deeper than the rock-barrier at West House.

The first of these has little to commend it, though the Leven

is now controlled by an artificial embankment. Between the

other explanations, in the absence of the necessary data, I do not

attempt to judge.

1 [Other borings, made in January 1902, show that sandstone-rock comes to

within 5 feet of the surface along the road between the watershed on Peat

Carr and the River Leven ; but borings beside the Leven were carried to a depth
of 11 feet 8 inches in gritty clay.]

Q J. G. S. Ko. 231. 2 x



Fig. 13.— View looking up Ewe-Crag Slack. (The white objects

are boulders of grit.)

Fig. 14.— View looking down Ewe-Crag Slack. (The bluff on the

right is the feature shown on the left ofJig. 13.)

[The above figures are reproduced from photographs by Mr. Godfrey Bingley.]
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Kildale to Girrick Moor.

To return now to the consideration of the outer face of the

Cleveland Hills. The country between Kildale and ftoseberry

Topping is of complicated form, and though I think it probable that

lakelets with their overflows may have existed, I have seen in

the course of a rather imperfect examination no clear traces. At
Pinchinthorpe a small overflow is, I think, traceable out of the head

of High Bonsdale, but I attach no importance to it.

Passing eastward, two comparatively low gaps are met with, in the

great escarpment to the east of Hutton, formed by the two heads of

Sleddale. The higher of these, Highcliff Gate, is below 950 feet O.D.,

but there is nothing in the arrangement of the contours to suggest

an overflow, and I have not examined it. The other, known as

Bold Yenture, is a flat about a quarter of a mile wide, im-

mediately below the 800-foot contour. Though its aspect on a

contoured map is unpromising, I examined it, and was rewarded

by some interesting observations.

On the eastern side ,of the gap (at 800 to 825 feet) are

abundant erratics, among which I observed Cheviot porphyrites
;

and on the western slopes I also found many pebbles, including

porphyrite and ash. The broad gap itself is encumbered with

gravelly material of considerable thickness, cut into a close-set series

of mounds with their long axes running down the valley. To the

south of this Drift-barrier is a great tract of peat. Some overflow

must have gone across here, both from the actual drainage of the

ice, and also from a temporary lake in its advance and retreat, but no

definite channel can be traced.

From Bold Yenture iu an easterly direction the watershed, save

for Highcliff Gate, is hi^h and unbroken for a distance of about

6 miles measured in a straight line. Then ensues a region of

great interest, where the watershed is traversed by a succession

of direct overflows, three in number, diminishing in altitude from

west to east.

The first of these is Ewe-Crag Slack, a great winding valley

which for the first half-mile has a very slight inclination ; then it

rapidly steepens after cutting through a thick bed of hard grit, and
enters the valley of Black Beck x

a normal moorland stream-course.

The intake of Ewe-Crag Slack is turned sharply to the west-

ward, and opens out in a great swampy area. The first half-mile of

the slack is occupied by a deep accumulation of peat. In order to

ascertain the exact form of this part of the valley, I made a series of

fifteen transverse sets of borings or probings (54 in number) into

the floor, and found that, agreeably to expectation, the greatest

depth of peat was at the point where the peat-moss sloped up stream

as well as down. Here a depth of 21 j feet was attained, and the

boring ceased in tough deposits, not rock (see PI. XXIII & figs. 13,

14, p. 518).

1 So named on my maps. It should be Haw-Rigg Slack, as on the Ordnance-
Survey maps.

2x2



e»

SQ

fee



Vol. 58.] GLACIER-LAKES IN THE CLEVELAND HILLS. 521

The overflow first came into operation at an elevation of a little

over 800 feet, and it cut down to below 775 feet, probably about

750 across the watershed. There is no stream at present flowing

in the upper half-mile, but where the slope steepens a small stream

emerges from the peat-moss and trickles down through the dried

peat of the steeper regiou, sometimes in an open channel. Often

for considerable distances, however, it is arched over by peat, and

down to the confluence with Black Beck it can be bestridden at any
place. The usual features observable in the meanders of overflow-

channels are seen in this gorge, and there are lofty crags along the

west side for a considerable distance. JNear the confluence with

Black Beck, at 625 feet O.D., is a great mass of gravel which has

yielded many erratics, including Cheviot porphyrites, and one

example of the Norwegian rhomb-porphyry.
This gravel-mass then spreads out and forms two distinct terraces

(see p. 512), at 600 feet and 575 feet O.D. respectively. These

represent the two halts in the lowering of Lake Eskdale.

So great an overflow as this, might be expected to bear some
relationship to a correspondingly extensive lake-area on the north-

ward, and this expectation is fully realized by an examination of

the outer slopes of the hills. Not only is the intake connected with

a large recess in the hills, but a suite of ' severed spurs ' show that

upon it converged the drainage of a considerable chain of lesser

lakelets. The evidence of the distribution of Drift-deposits is

consistent with that of the overflows. Mr. Barrow x remarks

'There can be no doubt that this high ground [above Guisborough, on Moors-
holme High Moor, and on Danby Low Moor] at present more than 850 feet

above sea-level, has not been glaciated, as not a single foreign pebble can be

found .... Briefly, the Drift becomes very thin at 600 feet above sea-level, and
disappears altogether above 850 feet.'

On the Lockwood Hills, up to 867 feet, I found a great spread of

gravel forming a fringe to a lower area of Boulder-Clay ; and at the

entrance to Ewe-Crag Slack, Drift-sands and gravels reach the

watershed. These gravels yield fragmentary marine shells and
many foreign stones, especially Cheviot porphyrites, and out of a

small patch of Boulder-Clay on West Bigg at 810 feet, Mr. J.

W. Stather obtained the specimen of rhomb-porphyry already

mentioned (p. 498). Scattered erratics may often be found on the

moors above the limit of the continuous Drift-sheet, but except on the

Lockwood Hills I found none above, or even up to 850 feet O.D.
The overflows aligned to the Ewe-Crag-Slack overflow are few in

number, but of great interest.

On the Lockwood Hills (Stanghow Moor) there is a shallow and
rather obscure channel falling eastward into Seavy Sike. It barely

indents the 850-foot contour. This carried, for a very brief period,

the overflow from a lake at the head of the Boosbeck Valley, into a

lesser lake, with which it later became confluent, held up by a lobe of

ice that stood against the spur called Moorsholm Bigg (see fig. 15,

p. 520). The Moorsholm lakelet was of long duration, for its over-

1 Mem. Geol. Surv. 'North Cleveland' 1888, p, 66.
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flow behind the spur is of considerable magnitude. This channel

probably commenced to be eroded at a little above 825 feet, and
continued to cut down almost to the 800-foot contour, though the

valley now called the Peat Holes is so deeply filled with peat as

to conceal the 800-foot contour where it passes. A small projection

of the hillside known as Middle Heads, near the Ewe-Crag-Slack
intake, is trenched by a small parallel series of marginal channels.

The upper one is a little above the 825-foot contour, the next

between 800 and 825 feet, and the lowest, perhaps the best marked,
runs a little above the 775-foot contour. These belong to the

aligned sequence falling to Ewe-Crag Slack ; and it is interesting

to observe that the single large channel at the Peat Holes is the

equivalent in time of these three small overflows. The lowest

overflow is at a higher altitude than Ewe-Crag Slack. A period

of somewhat rapid retreat of the ice-margin seems to have ensued,

and this area was, by means of a series of marginal channels,

placed in communication with a great direct overflow at Stonegate,

4 miles to the eastward. Before considering this, I will briefly

mention a temporary direct overflow that possesses some features of

especial interest.

On the Eskdale side of the watershed near Doubting Castle, just

1 mile east of Ewe Crag, a small patch of gravel occurs exactly

on the 725-foot contour. This gravel is well-bedded, and contains

foreign stones, such as porphyrite, granite, flint, and basalt. Its

position and contents alike render it probable that it has washed
over the watershed, and it is seen that it lies in a small valley which
rises to a depression in the watershed on Girrick Moor, only 760 feet

above sea-level. The actual passage through is a broad swampy
tract marked at Danby Peat-Pits. I have probed the peat at many
places up through the depression, and found about 8 feet of peat

resting on gravel. On the outer face of the hills, a thin covering

of Drift extends quite to the watershed. The explanation of these

phenomena appears to be that, at the maximum extension of the ice,

one lobe of its very much indented front reached for a short time

far enough to impound water in a small recess of the hills. The
overflow passed over into Eskdale, and the gravel which it carried

was arrested at the level of Lake Eskdale (725 feet), the exact
height at which the Murk-Mire-Moor overflow com-
menced its action. This w^ould indicate that the maximum
extension of the ice at Girrick synchronized with its farthest advance
into the Murk-Esk Valley : such coincidences are, I conceive, neither

necessary, nor usual (see fig. 15, p. 520).

The Stonegate Direct Overflow and its Related Phenomena.

I now come to one of the most complicated and difficult

problems that has yet engaged my attention. I have already

stated that the Cleveland watershed was overridden by ice from
the seaward end as far as Stonegate, and the overriding mass
not only pushed for 1| miles up the Esk Valley and formed a
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moraine above Lealholin Bridge, but it also extended across the

valley and up beyond Goathland. Hound the margin of this in-

vading sheet, a deep overflow-channel was soon initiated, running

down the Stonegate Valley. This channel, upon the retreat of the

ice from the Moorsholm watershed, took the whole drainage

from the Lockwood Hills, and probably the Boosbeck Valley, east-

ward.

The Drift-maps of the Geological Survey show an extension of

the gravels on Black-Dyke Moor, for which there is no corresponding

overflow. This was laid down at the maximum extension of the

ice, and no definite channel would be produced, as Lake Eskdale

would be at its highest level (725 feet). The gravel is mapped at

an altitude exceeding 725 feet, but below 750.

The first clear indication of a channel to carry drainage from the

westward is Hardale Slack, an immense trench cut in the plateau

of Koxby Old Moor and running quite through it. This is a

typical example of a severed spur. Its upper end cuts through the

700-foot contour, and there is a long stretch of peat-swamp which
conceals a deeper channel. (See map, PI. XXIV.)
A beautiful example of a deserted oxbow is found on the south

side of the channel, immediately west of Black-Dyke Slack. It

isolates a small conical hill, and was no doubt produced by a

temporary forward movement of the ice-front, which compelled

the water flowing past it to cut a small marginal ' in-and-out

'

channel round its edge.

A seconcf, and much greater intake, Tranmire Slack, comes

directly through the plateau from the north-west ; and a third,

Moses Slack, of lesser size, from the north. These two latter

originated as mere gutters to carry water flowing directly off the

ice itself. Their arrangement and disposition is what I have
generally found in cases where the ice came quite on to, or over-

rode, the watershed.

AVe may now consider the series of channels carrying the water
through to Tranmire Slack, first describing those of the Moorsholm
area. Hardale Slack seems to have been a channel formed during

or near the maximum extension of the ice, for the marginal

drainage of the country from Danby Peat-Holes eastward. There

is a fine gravelly moraine, which extends from Great Dinnond
through Little Dinnond, Middle Rigg, and Good-Goose Thorn.

Plow seems to have taken place along the outside of this moraine,

and there is a more or less defined channel all through. It is best

seen at Good-Goose Thorn, where its position is marked upon the

6-inch maps by two ponds. At the upper end it lies between 725
and 750 feet, but to the eastward the 725-foot contour is cut com-
pletely through.

A slight retreat of the ice-front opened another series of channels

in this region. Three small marginal channels cut across a spur

of the hill marked '• "Water Dittins (B.S.) ', above the 700-foot

contour, and open into a valley of the same name. The line of flow
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is continued by a valley round an isolated patch of ground at

Easington High Moor, whence it passes into Hardale Head by a

iine valley at the Xan Stone, each of these cutting the 700-foot

contour.

The westernmost channel of which I can be certain is a small

one which crosses Smeathorns Road, and cuts sharply the 750-foot

contour ; it falls eastward into Swinsow Dale, and has already

been mentioned as affording an example of ' down-stream dicho-

tomy :
' as the ice withdrew to the northward, a new outfall was

produced on the northern side of the earlier outfall. Examples such

as these are very impressive, for they enable the observer to

picture vividly to himself the exact margin of the ice.

Of about the same age is a remarkable little ' in-and-out

'

channel called Spring-Head Hole, at the edge of Moorsholm Bigg.

A lobe of the ice-sheet appears to have stood against the smooth
hillside here, and caused the impounded waters of Hare Dale to the

westward (as well as all flowing from the Lockwood area) to sweep

round the edge of the ice, and excavate a loop in the face of the hill,

leaving a central block intact. The cutting of this loop commenced
above the 725-foot contour, and continued down nearly to the 700.

It is possible that this may belong to the final stages of the Hardale-

Slack (Eoxby Peat-Holes) overflow.

Xear Spring-Head Hole is a singular valley cutting round Haw
Eigg, which must, I think, have been shaped by alternate flow

to eastward and to westward. The westerly escape was the

last, and took place subsequently to the formation of the Spring-

Head overflow.

An exceedingly clear and well marked pair of marginal

overflows, which I have called the Double (see PI. XXV), marks
a further slight shrinkage of the ice-margin from Moorsholm Eigg.

The upper one, marked on the maps by the appropriate name of

Hole Skew, is a sharply hooked channel opening out 'of Hare
Dale by a square-cut intake 50 feet above the floor of the valley ; it

falls rapidly towards its eastern end, and cuts through the 700-foot

contour, but not down to the 675. Its twin companion, distant from
it about 75 yards, just cuts the 675-foot contour except at the intake

where there is a considerable accumulation of peat. It is interesting

to observe that the top of the lower valley is immediately below
the intake-level of the upper one.

I have not been able to study with sufficient care the country to

the north of Eoxby High Moor and Wapley, so I cannot say which
of the overflows in that area continues the alignment indicated by
the contoured maps of the overflows at Moorsholm. The head
of Tranmire Slack ends in a great expanse of swampy ground,

Tranmire itself, which forms the common head of Birch Hill Beck,
flowing northward, and a minute stream that flows down the

Slack and joins Stonegate Beck; the two streams actually
anastomose at their common head.

The swamp scarcely rises above the 625-foot contour, and I believe

that the actual rock or Drift-floor is well below that elevation. If
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this be so, it wil] explain the occurrence of a well-defined overflow-

channel at Stanghow, 6 miles away, which cuts the 625-foot contour

throughout its course. It occurs in a morainic country, and at one

point east of the village it appears to have been choked by a sub-

sequent deposition of gravel. This is the lowest channel possessing

an easterly drainage that I have been able to trace in the area

north of the Cleveland Hills; and I would particularly emphasize

the critical relation of its altitude to that of the Tranmire overflow,

which is the lowest breach in the main watershed. Within 200
yards of the intake of this Stanghow channel, and a few feet lower.

Fig. 17.

—

Map of the Boosbecl- valley, showing the deviation

of the stream at Sla/pewath.

we fiud the head of another valley running through Bushy-Dale
Wood with a steep fall to the westward. It cuts deeply into the

600-foot contour (see fig. 16, p. 524). It seems quite clear that in

the same way that the direct overflow at Ewe-Crag Slack ceased its

operation because of the opening of the much lower Tranmire series

of direct overflows, so Tranmire in its turn was abandoned in favour

of some overflow to the westward. The steep fall of the Bushy-
Dale overflow shows that the main overflow to which it was related

was at a low level, and I feel assured that it was into the Vale of

York. Other westward-flowing channels exist on the lower slope of
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the Cleveland Hills, and the constant westerly aberration of the

courses of the existing streams proves to my mind conclusively that

in the closing stages of the retreat of the ice in Cleveland, the

only escape for the water was into the Vale of York. (Some further

deductions I shall draw in my conclusions.) A very notable instance

of this aberration is the anomalous behaviour of Boosbeck, which,

instead of pursuing its course straight down the great open valley

to which it clearly belongs, swerves westward through the gorge

at Slapewath to join Eller Beck (see fig. 17, p. 526).
x

The conditions of drainage set up in Stonegate Beck during the

maintenance of this overflow are very complex, and it is necessary

now to return to the Valley of the Esk to obtain a new set of data.

(5) The Low-Level Phases of Lake Eskdale.

I suspended my description of the Glacial history of Eskdale at

the stage at which, by the shrinkage of the ice-lobe which invaded

the valley of the Murk Esk, Lake Eskdale became confluent with the

Goathland Lake (p. 509). The overflow would now be by way of

Een Bogs, and the lake-level would gradually fall by the cutting of the

sill down to its actual level, about 525 feet, or perhaps a little lower.

The discovery of the subsequent events proved a great surprise to

me. There are along the south side of Eskdale several rock-gorges

excavated by lake-overflows, some of which are still occupied by the

Biver Esk, 2 made in such relation to the moraines or to the open

valley as to show that the ice-lobe overriding the northern hills

must have persisted here after, not merely the mouth of the Esk,

but practically the whole coast-line of Yorkshire down as far as

Scarborough, was free of ice.

Now, just as it will, 1 think, be conceded^that a lake-overflow is

ipso facto proof of a clear fall at or below the level of the outlet,

similarly a deviation-channel to avoid a moraine-barrier must have

1 Since these lines were written I have, with the help of my lamented friend
the late Mr. J. A. Ridgway (of Beverley), put clown a series of boreholes over
this area. Within the great Tranmire Slack we made a series of four borings
from south-west to north-east, beside the peat-holes near Roxby-Moor House.
The first two indicated rock at 11 feet below the surface ; the next passed through
about 8 feet of peat, and penetrated 4 feet into gravel ; and the fourth, beside the
stream (on the outer curve of the valley), passed through 10 feet of peat, and
stopped in gravel at 18 feet beneath the surface. As the ground-level is

about 630 feet, the rock -floor must lie at an elevation below 612 feet.

Another set of three borings was put down on the fiat watershed, which is at
about 635 feet O.D. Two of these were beside the stagnant drain which
connects the northern and southern streams : they were both stopped by
something hard, after passing through 5 feet of peat and 4 feet of clay. The
third boring, 25 yards to the east of these, gave peat, sand, and gritty clay, and
the boring was abandoned in the last material at 17 feet from the surface and
about 618 O.D. These observations, so far as they go, are in complete corro-
boration of the conclusions drawn from the two overflows at Stanghow :

namely, that overflow by way of Tranmire was possible at 625 feet, but not at
600 feet.

2 This fact is referred to by Mr. Barrow in Mem. Geol. Surv. 'North
Cleveland ' 1888, p. 70.



Pig # 18.— Contoured map of the Lealholm moraine and the

gorge of the Eslc at Crunkley Gill.
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been cut below the level of the lowest part of the moraine, while the

ice still stood against it. I have mentioned that a moraine, the

highest in Eskdale, extends across the valley near Lealholm. The
lowest point in this moraine is at most 433 feet above Ordnance-

datum
;
yet there is a pair of channels, giving twofold proof that

water was flowing from a diminished Lake Eskdale round the end
of the moraine at altitudes exceeding 500 feet.

The highest channel is a small, but very definite overflow, known
as "Wild Slack, which cuts the southern limb of the moraine

immediately south of Crunkley Gill; it is not more than 20 feet deep,

but is very well defined. It notches slightly the 525-foot contour,

although from the gentleness of its slope I am convinced that the

fall was very small beyond this : indeed the Slack dies out at the

500-foot contour. It is just possible that the lake into which
this drained overflowed by Een Bogs, although the facts next to be
mentioned render it very improbable.

A small shrinkage of the ice opened a slightly lower gap in the

moraine on the site of Crunkley Gill, where a spur of rock was
covered by about 50 feet of Drift. A new notch was started here,

and the level of Lake Eskdale was lowered from about 500 feet, the

original level, down to 450 feet, when the outlet began to cut into

live rock. By this time it had probably passed the critical level of

the moraine, and any further withdrawal of the ice could not affect

the position of the overflow. Subsequently, perhaps in post-Glacial

times, the final drainage of Lake Eskdale was achieved, and the

great gorge of Crunkley Gill, 125 feet deep, completed.

Eig. 19.

—

Section across CrunMey Gill and the Lealholm moraine.

It may be objected that a simpler explanation would be to

suppose post-Glacial denudation to have removed 100 feet of Boulder-
Clay from the central part of the moraine. It appears to me
exceedingly improbable, however, that such excessive denudation
has taken place, judging by the remarkable perfection in which
many small features of the Glacial deposits have survived.

Moreover, the small overflow at Wild Slack demonstrates the

existence of a constraining mass of ice. Whatever defect or
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uncertainty may be found here, is entirely absent from the next

case to be described.

About a mile below Crunkley Gill, the steep hillside on the south

of Eskdale is ex-

Fig. 20.

—

Map and section of Sunny-Brake cavated by a very

Slack ' in-and-out.' perfect example

„, of an ' in-and-

t .. out ' channel.

Sunny - Brake
Slack, the chan-

nel in question,

is about 75 feet

deep, with sharp-
'

0D
ly cut sides and
a broad peaty

floor falling to

the eastward.

The excavation

was commenced
above the 475-

foot contour, and

it cuts through

the 425 nearly to

the 400 - foot

contour.

The main Esk
Valley here de-

scends to 275
feet, and at the

475-foot contour it is three-quarters of a mile wide, so that it will

hardly be believed that the post-Glacial denudation could have
achieved all this ; but besides this, it is not the habit of rivers to

forsake a rock-gorge on account of the difficulty of cutting in it.

The levels show, I think, that the ice-barriers stood simultaneously

here and at the gap in the Lealholm moraine, for the cutting

commenced at Sunny Brake at a level above- that at which the

Lealholm gap would have been open. Between Crunkley Gill

and Sunny Brake a narrow marginal lake probably extended,

much of it more river than lake ; and at several places scarping is

observable, especially in the fields south of Low-Wood Lane,

where there is a very pronounced feature between the 450- and
475-foot contours.

A third significant gorge occurs at Glaisdale, less than half a mile

below Sunny Brake. Here the Esk has cut a deep gorge into the

rock to evade a morainic obstruction, although the moraine is of less

height (325 feet O.D.) than the top of the gorge, which is distant

only 300 yards. (See map, PL XXIV.)
Other rock-gorges, always, as Mr. Barrow has remarked, on the

south side of the valley, may be seen at East ArnclifFe and Bank
"Wood, but their testimony is not decisive. They may be due merely

Scale.
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to the impartial cutting of the river into a Drift-filled valley,

although that leaves unexplained the coincidence of its invariable

preference for the south bank.

The three examples, Crunkley Gill, Sunny-Brake Slack, and
Glaisdale, show, I believe, that an ice-obstruction extended across

Eskdale at the same time that a free fall for water could be obtained

at the levels which I have indicated, namely :—for Crunkley Gill,

500 down to 450 feet ; Sunny Brake, 475 down to below 400 feet

;

and Glaisdale, about 350 down to 325 feet.

Where, now, was the actual escape to the southward ?

One of the peculiarities of the Fen-Bog overflow which, at the

outset of this enquiry, convinced me of the significance of its features,

is that it is the lowest outlet from Eskdale, saving only Whitby
Harbour. The 500-foot contour is intact right along the southern

watershed until Bay Ness is reached, half a mile from the coast at

North Cheek, Robin Hood's Bay. The 400-foot contour extends to

about the same distance from the cliff-edge at Hawsker: and the 300-

foot contour is unbroken up to within 100 yards of the cliff at

Whitby High Light, 1| miles from the town. There is, moreover,

no sign of an overflow-channel at any level from Bay Ness

to Whitby Harbour ; at the latter place, however, there is a great

rock-gorge 100 feet deep running along a line of fault.

It is quite possible that the form of the ice-front was such that a

broad way existed, a narrow marginal lake, across the space between
Whitby Harbour and the High Light, but I have seen nothing to

suggest it ; and I think it more probable, taking into consideration

facts presently to be adduced regarding the next stage of retreat,

that the gorge at Whitby Harbour was the actual outlet. This, of

course, need not imply that the coast at Whitby was free from the

edge of the ice, for the cutting of the gorge may have been merely
commenced at this stage, and marine erosion on this coast has no
doubt removed a broad strip, perhaps a mile or two in breadth,

since the Glacial Period. But there must have been a free fall to the

southward, and this can have been obtained only by low-level

channels in a coast-tract since carried away, or by actual open
water.

The stages of retreat in Eskdale here described are indicated

imperfectly by a series of moraines. I have not succeeded in tracing

any between the Lealholm moraine at Crunkley Gill and the series

of successive ridges that descend from the northern moors across

Eskdale at Glaisdale. These last differ in composition considerably

from that at Lealholm, consisting mainly of sand and gravel, while
the Lealholm moraine is almost entirely composed of Boulder-Clay.

The difference is probably due to the latter having been accumu-
lated wholly under water.

I have already indicated that there are some signs that, at the
period represented by the Wild-Slack and Crunkley-Gill overflows,

a large volume of water was entering Lake Eskdale by way of Kildale

and West Bank. For, just as a higher level of the lake is attested by
the deltaic spread of gravel at Commondale, so a fragment of a lower
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delta is found at Hell Hole or Holme Bank, near Castleton. It

has been much cut into by the Esk and its tributaries, but at

its termination at Hell Hole it extends quite across the valley,

except for a narrow gorge-like gap cut by the river through hard

rock. There is not much to distinguish this diversion from that

produced by a moraine, except the form of the gravel-mass. The
surface-level of the delta is about 525 or 550 feet.

It is quite possible that an ice-dam obstructed portions of the

lower valley of the Esk long after the stage represented by the

Glaisdale moraine ; but no definite evidence would remain, as the

morainic barriers have not, like the Lealholm and Glaisdale moraines,

any gap below the top level of the gorges cut by the Esk in evading

them. The Stonegate valley presents some features of exceptional

interest, which belong apparently to a transitional stage between the

high-level and the beginning of the low-level phases of Lake Eskdale.

The head of this valley at Tranmire has already been referred to,

but not its intermediate course nor its outfall.

At the lower end of the Tranmire Slack, from its confluence with

Hardale Slack the valley is excavated through a flattened floor of

gravel, which forms a very notable terrace, especially on the eastern

side of the valley— or rather a pair of terraces one above the other.

Their structure is admirably displayed in the cuttings of a railway,

partly made and then abandoned. The lower terrace about the

village of Stonegate is a shelf of hard sandstone in which the stream

has cut a splendid gorge, but just above where the road to

Whitby crosses the stream, the old railway-cuttings begin, and they

show about 30 feet of very coarse gravelly clay, containing so many
fragments of Upper Liassic shale as in parts to make up a large pro-

portion of the mass. Blocks of Jurassic sandstone, rounded, sub-

angular, and angular, are abundant ; some attain a length of 3 or 4
feet. Among the stones are many foreign to the district, of which a

list has been published in the Report of the Erratic Blocks Committee. 1

The most noteworthy fact is the comparative rarity of Carboniferous

rocks, and the abundance of Magnesian Limestone with botryoidal and
other concretionary structures. These gravels continue up the valley

above Low Whin. A second terrace at about 575 feet shows a

marked rise as it runs up the valley.

The explanation of these features which seems to me at present

most satisfactory, is that they were produced as a kind of marginal

delta between the hillside on the west and the ice-margin on

the east of the valley. The phase seems to coincide with the

stage when the Lealholm moraine was being formed. The ice-

margin then swept round the angle of Lealholm Moor, and past

Hole'-r-th'-Ellers to the terminal moraine. The gravelly material,

very imperfectly washed, was laid dowrn alongside the ice in the

Stonegate valley, while the flowing water cut a marginal shelf in the

face of the hills overlooking Eskdale.

1 Eep. Brit. Assoc. 1899 (Dover) p. 400 & 1900 (Bradford) p. 345.
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Lower down the Stonegate Valley, some features are seen which arc

connected with the stage of retrocession marked by the lower phase

of Lake Eskdale. At Stonegate-Gill Wood, just south of the hamlet

of Stonegate, there is a mass of Drift, mainly gravel, but apparently

more clayey in its lower part, which has evidently blocked up the

original valley and caused a deviation to the western side, where a

fine gorge nearly 200 feet in depth has been cut, the lower 100 to

125 feet in solid rock. The fact that this deflection is to the west-

ward, while the southern tributaries of the Esk are thrown to the

eastward, is interesting, as it indicates very plainly the position of

the ice.

The last chapter in the Glacial history of Eskdale and Northern
Cleveland which I have deciphered is very clearly recorded by a

series of overflow-channels cutting through the northern water-

shed above Egton Bridge. The northern face of the hills here forms

a great amphitheatre about Ugthorpe and Hutton Mulgrave, and is

prolonged in the great spur extending due northward parallel with
the Stonegate-Tranmire channel for about 3 miles. On the east-

ward, another spur runs in a northerly direction. The main water-

shed rises into a fairly sharp crest, culminating at 850 feet above
Ordnance-datum in Kempston Rigg. The central portion of the

amphitheatre is broader and lower, and for a space of about a mile

is only about 700 feet above O.D. (See map, PI. XXIV.)
The retreat of the ice from Eskdale carried the melting front,

step by step, backward up the northern slopes of the Esk Valley,

until it fell entirely behind the crest. It withdrew similarly from
the Stonegate Valley in an easterly direction, and halted on the

watershed, where a series of gravelly mounds are seen with
strongly-channelled fronts overlooking the valley. In the retreat,

many trenches were cut by streams flowing from the melting ice :

some of these, as the ice-front drew back behind the watershed,

cut steadily backward through the crest, and produced a set of over-

flow-channels for the discharge of a series of small lakelets formed
along the margin of the ice. One or two failed to cut through the

watershed, and therefore their share in the system of extraglacial

drainage was simply to carry off water flowing down the front of

the ice. An example of the latter type slightly notches the water-
shed on Egton Low Moor immediately above the 700-foot contour.

Three true lake-overflows cut the watershed more deeply. These
are, in order from east to west:—(1) Middle-Carr Slack, which makes
a slight trough through the watershed near Lady- Cross Gate, but
deepens to a pronounced feature in its lower course. (2) Stonedale
Slack, a very fine ravine which now cuts the crest in a very marked
fashion. A curious cross-channel connects these two valleys near
their head. The two channels probably were of brief occupation,
and their strong development in their lower parts, as compared with
the heads, is consistent with the view here adopted, that they were
primarily channels carrying the direct drainage of the glacier.

(3) The third overflow is of a very different type—it is a great

Q.LG.S. No. 231. 2o
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gorge 30 to 40 feet deep, which forms a very conspicuous breach in

the line of watershed at Barton 'Howl.' 1 The overflowing stream

commenced to cut at about 680 feet, and ceased at about 665. These,

then, may be regarded as the approximate water-levels of a small

lakelet on the iceward side of the watershed. This lakelet had a

maximum area not exceeding 3 or 4 square miles.

At the easternmost extremity of the Hutton-Mulgrave amphi-
theatre,just above the village of Aislaby, two small valleys cut through

a spur at about 630 and 580 feet respectively. The former of these,

Galley-Hill Slack, has much the appearance of a lake-overflow, but

so large a volume of water at present descends from springs and
surface-drainage, as to suggest the possibility that the valley may be

the product of normal drainage. The latter valley displays features

so lacking in distinction that, without the corroboration of other

members of a related series, I should not venture to include it in my
enumeration of Glacial overflows.

The last evidence of constrained drainage in Eskdale that

demands notice, is the actual outlet of the Kiver Esk at Whitby.
The river here flows through a rock-gorge about 100 feet deep, and
so narrow as to forbid the supposition that this was its ancient

course. Landslips frequently take place, and it is evident that the

channel is very modern. Mr. Barrow has called attention to this

case in his fine Memoir on Northern Cleveland, and has drawn the

same conclusion. He says
-

:
—

' The River Esk at Ruswarp is approximately in the centre of its old course

and shows no rock. But further north it begins to flow between steep rock-

banks, which, near Whitby, are nearly vertical. Its pre-Glacial course was to

the west of the town and into the sea, where the cliffs are entirely composed of
Glacial deposits. A deep well sunk in this old line of flow went down a great

depth without meeting with any rock, but the exact details we were unable to

obtain.'

Whether this deviation was due merely to the fact that the old

valley was packed with Boulder-Clay and other Glacial materials

so as to be completely obliterated, or whether the post-Glacial Esk
was, like so many other streams in the district, constrained to take

a course along the outer edge of the ice, I am unable to say. Many
facts could be cited in favour of either view.

The drainage of that part of the south side of the Esk Valley

which lies east of the Murk-Esk Valley must now be considered.

It has already been explained that a lobe of the great ice-sheet at

the maximum extension overflowed the northern watershed, and
welled up the Murk-Esk Valley as far as the moorland south of

Goathland. I have remarked that the evidence that Kempston Rigg
was ever completely overridden seems inconclusive, and the phe-

nomena seen on the southern side of Eskdale may perhaps find an
easier explanation upon such an assumption, though it does not

appear to me to be probable.

1 An eccentric spelling of the word ' Hole.'
2 Mem. Geol. Surv. ' North Cleveland ' 1888, p. 69.
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(6) Iburndale.

This valley is deep and rather narrow, forming a Y both in plan

and section. It opens northward into Eskdale at Sleights, and is

separated from the Murk-Esk Yalley on the west by Sleights Moor,

a broad tract of Lower Estuarine grit, which forms a steep escarp-

ment on the west, north, and east. This constitutes a watershed
nowhere falling below 800 feet. On the east, Iburndale is enclosed

by the high moorlands (of the same grit) of Ugglebarnby and
Sneaton, which attain an elevation of 700 feet quite near to

Eskdale ; and this altitude, or a still greater one, is maintained
nearly to the head of the valley.

Drift-deposits of great thickness occur in the floor of the valley,

and to a considerable height up its sides. My observations inclined

me at one time to the belief that no portion of the valley south of

New May Beck had been invaded by ice, but that opinion has given

way before an accumulation of facts, which I think cannot be satis-

factorily explained without such an extension.

The position of this valley, opening due northward towards the

invading ice, was selected by me at the outset of this enquiry for

the experimentum cruris. If the obstruction of an ice-barrier

produced a lake at Goathland, then Iburndale should similarly show
signs of a lake and overflow.

The preliminary examination of contoured maps, which has always

constituted the first reconnaissance in this survey, proved the presence

of a very suggestive gap in the eastern wall of the valley near its

head. The field-observations demonstrated in the clearest manner
its character as that of a lake-overflow. (See map, PI. XXYI.)

The intake is an abrupt notch on the lakeward side. It cuts the

675-foot contour, but the 625-foot contour is not at all indented,

and the 650 is but little affected, while a deep, thickly peat-filled

valley, Biller-Howe Dale, of characteristic section, extends eastward
into the Jugger-Howe-Beck drainage, which constitutes the true

source of the Eiver Derwent Other characteristics of this valley

will be mentioned later.

SneatonMoorisa long, gently curved crescent of high ground

presenting a concavity to the northward. At the maximum exten-

sion of the ice, this watershed was completely overriden, and the

ice extended forward to the Iburndale overflow. In the stage of

retreat, the watershed was trenched by two well-marked lake-over-

flows, both now streamless where they cross the watershed, and
containing a considerable depth of peat. A bench-mark at the

intake of one, Nigh-Middle Slack, indicates a level of 676*9 feet,

while the other is considerably above 675 feet, though below 700.

The watershed here is of exceedingly soft muddy shales of the Lower
Estuarine Series, with a few scattered Drift-pebbles : and I infer

that no considerable body of water can have drained across, or the

channels would have been cut more deeply in such easily-eroded

materials.

2o 2
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Prom Sneaton Low Moor the watershed runs in a general easterly

direction, and remains intact and unbroken quite to the coast : there-

fore the retreat of the ice must have been in such, wise that no lakes

were formed, for neither direct overflows, nor any sign of marginal

overflows can be found.

There are many ways by which this fact may be explained. The
retreat may have been so rapid that, though evanescent lakes were
produced, the overflows were not cut deep enough to be recognizable :

several shallow grooves can, it is true, be seen to cross the watershed,

as on the Whitby road. Or, again, the shrinkage of the ice may have

been progressive from east to west, so that no lakes could form. Or,

as a third explanation, it is possible that marine denudation has

removed a coastal region which was channelled by overflows.

A combination of the first and second of these suggestions seems

to me to explain the phenomena most fully. The third hypothesis

appears to be excluded by the form of the ground at Bay Ness, where
the watershed reaches the coast. There are, however, as will be shown
later, clear cases in which seaward tracts carrying overflows have

been wholly or partly swept away.

(7) The Eastern Coastal Tract.

The line of watershed extending from the head of Iburnclale round

Sneaton Low Moor marks the beginning of a drainage-system dis-

playing many remarkable anomalies, some of which have been ably

described and elucidated by Mr. Pox-Strangwaj^s. A narrow coast-

strip of country, extending from Robin Hood's Bay on the north to

Hunmanby on the south, and varying in breadth from 100 yards

up to a maximum of about 3 miles, drains in a general way down
the normal slope of the land into the sea. But, behind this, at a

short distance, seldom more than 3, and never more than 6 miles,

there runs a great gorge or connected series of gorges (like the

intercepting drains of the engineer) which receives all the drainage

of the hinterland and carries it away to the southward, and finally

westward, through the Yale of Pickering, into the Ouse and Humber
drainage. Thus it is that streams, rising within 2 miles of the sea

at Robin Hood's Bay or Peak, pass into a system which enters the

sea at Spurn.

In the initiation of this drainage, the effects of an ice-sheet

which shut the seaward ends of the valleys is clearly traceable,

just as was the case in Northern Cleveland, but with this difference,

that in the northern area the lake-overflows were rarely cut to so

great a depth as permanently to deflect the larger drainage-channels.

On the eastern coast, the ice-invasion was not so extensive,

and the overflows were all of the marginal type. Some of the

cutting was over high and prominent watersheds, but more often

existing drainage-lines wrere followed and deepened. Moreover, the

effects were cumulative, as one aligned sequence remained in

occupation for a long period, and an increasing volume of water was
brought to bear upon just those regions where the greatest barriers
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were encountered, namely at Hackness and Suffield Moors. It will

be further shown that at these two places the physical features of

the country were such as to secure a stable position of the overflows

during considerable oscillations of the ice-front, so that persistent

cutting on one line of overflow would take place, instead of the exca-

vation of a parallel series of successive channels such as occurred in

many areas.

I shall deal with this region in four sections, corresponding with
four natural divisions of the country :

—

(a) Robin Hood's Bay
; (6)

Peak to Cloughton, and Hellwath to Harwood Dale and Burniston

;

(c) Burniston to Scalby ; and (d) Scalby to Filey.

(a) Robin Hood's Bay.

Physically, Robin Hood's Bay is the half of a dome-like inlier of

Lias produced by a cross-fold at the seaward end of the Cleveland

anticline.

The various divisions of the Lias, down to the ^fomorfos-zone, are

exposed round the shores of
(
the bay ;

above these come the Lower
Oolites, consisting mainly of the Lower Estuarine Series, a succession

of sandstone, shales, and coals presenting a surprising resemblance

to the Coal-Measures.

The bay is surrounded by a much deeper amphitheatre of high

ground composed of the Lower Estuarine Grits, which form a bold,

and in places precipitous, escarpment recessed by several alcoves,

where streams come, or came down into the bay from the surround-

ing moorlands. The interior bay is packed with Boulder-Clay to

so great an extent, that very few rock-exposures are to be found even

in the deeply- cut ravines, and at least at one place, at the mouth
of Stoup Beck, the Drift-deposits extend below the beach-level.

An outer fringe of Drift near Kirk-Moor Gate and Latter-Gate

Hills consists of sand and gravel heaped up in large mounds.
The pre-Glacial watershed has, in part, been already denned, being

on the north-west and north that of Iburndale and Sneaton Low
Moor. To the south and south-east, it extended from Peak through
Stony-Marl Howes, and thence in a wide sweep, round by Burn Howe
and Blea-Hill Rigg, to John- Cross Rigg above Iburndale. The
drainage of the whole of this area probably converged on Robin
Hood's Bay, as that of the northern segment still does, and the

gradients down to the edge of the grit-escarpment were in the main
so low as to produce rather the appearance of a plateau than of a

ridge. (See map, PI. XXVI.)
At the period of maximum extension, the margin of the ice-sheet

appears to have extended from the head of Iburndale along a west-

to-east line to the great bend of Biller-Howe Dale, and thence to

have run in a southerly direction past the side of Biller-Howe farm-

house, and on to the junction of a little nameless beck, south of 'the

Island,' with Jugger-Howe Beck. The margin is well defined along

the whole line by the extension of the Drift and pebbles, and by the
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occurrence of the marginal channel which carried the drainage from
Lake Iburndale and the ice-free country within the watershed.
The upper part of this channel has already been referred to, in

discussing the overflow of Iburndale. This valley, Biller-Howe Dale,

opens upon the skyline at its head in the manner so characteristic

of these lake-overflows. On its northern side, in the upper and
streamless part, is an abandoned high-level oxbow separated from
the main channel by a small hill of the solid rock of the country

(see fig. 21). I interpret this to mean that the oxbow was a portion

Fig. 21.— View looking up Biller-Howe Dale. (The conical

Mil near tlie intake is isolated by the deserted oxhoiv.)

[From a photograph by Mr. Godfrey Bingley.]

of the first-formed channel, which was overridden by the ice in a

temporary advance during which the present channel was cut to such

a depth, that, on the recession of the ice-front, any resumption of the

first line of flow was impossible. Such cases are not uncommon in

the Cleveland area, and especially in the portion yet to be described.

From the point where Biller-Howe Dale makes a right-angled

bend to the southward, a series of three high-level channels can be

traced running parallel with the great gorge which at present carries

the scanty drainage of this area. These three are really not so

much an aligned sequence as one channel, the course of which has been
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intersected by two modern streams. The first segment runs behind

Biller-Howe farmhouse, and it is a streamless gully of about 20 feet

in visible depth, but is known to contain at least 15 feet of peat

near the house. Its intake is seen as a notch in the skyline 100
feet above the floor of Biller-Howe Dale. The second segment is a

moss-swamp forming a deep trench across Biller-Howe-Turf Rigg.

The third, rather less sharply-cut, segment continues in accurate

alignment across the spur called ' the Island,' and its lower course

has been adopted by a modern stream, forming a rocky gorge 100
feet deep at its confluence with Jugger-Howe Beck.

Beyond this point, a breach was made in the watershed on Jugger-

Howe Moor : this separated the Robin-Hood's Bay drainage from
that of the Hellwath Burn, which now flows into the Derwent
drainage, but formerly entered the sea near Burniston. The margin
of the ice-sheet appears to have stood for a very short time at

its farthest point of advance, then to have retreated rather rapidly

for a time to a position about which it lingered for a very long period,

long enough for many large and deep channels to be cut which are,

I think, unsurpassed in the whole Cleveland area.

The first effect of the retreat appears to have been to produce a

great sinuation of the ice-margin which withdrew from Biller-Howe

Dale, and uncovered a large part of Sneaton Moor. A large channel,

Grey-Heugh Slack, was now developed running along the western

margin of the ice-lobe from Fylingdales Moor to Biller-Howe-Dale

Slack. This channel would carry off the water flowing from the ice-

front, as well as that coming from the ice-free ground on Sneaton

Moor. As the shrinkage of the ice progressed, a series of small

shallow trenches were worn through the gravelly eastern banks of

Grey-Heugh Slack by water from the ice-front. The best preserved

of these is a small slack draining to the westward from Foulsike

Farm.
The next phase of retreat initiated a line of drainage, second in

importance in the Cleveland area only to the great Newtondale gorge

:

this is the valley, bearing different names in its parts, which I may
call the Jugger-Howe Valley. The margin of the ice had with-

drawn northward so as to lie upon, or entirely behind, the Sneaton-Moor
watershed. The shrinkage to the eastward brought the edge of the

ice along the line of the present Jugger-Howe Valley, which at that

time, however, had no existence. A recess in the hills at Ihe

northern end produced by the valley of Kirk-Mocr Beck now became
a small lake receiving the water draining from Sneaton Moor by
the two channels mentioned, and also from its own section of the ice-

front. A marginal channel was then initiated, which wound along

the edge of the ice to join the Biller-Howe-Dale overflow from

Lake Iburndale. This new channel, which I may call the F o u 1 s i k e

overflow, continued to operate for a long time, and its broad and
steep-sided gorge, though containing a great thickness of peat,

still shows a depth exceeding 75 feet. It opens out abruptly at

its intake into the very dissimilar valley of Kirk-Moor Beck. No
stream, but only swamp, occupies the upper part of the gorge.
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Simultaneously, perhaps, with, the formation of this valley, or

possibly of an earlier date, coinciding more with the cutting of Grey-
Heugh Slack, a magnificent channel was being excavated along

the southern edge of the great amphitheatre near Stony-Marl
Howes.

I have been unable to satisfy myself that all the high ground
bounding Eobin Hood's Bay on the south, which culminates in Stoup
Brow (871 feet O.D.), was overriden by the North Sea ice-sheet; but,

if so, the phase was a very brief one, and the ice-front broke up into

a sinuate outline. The lobe, which was thrust into the upper bay
formed by the escarpment of Estuarine Sandstone, would have a

strong southerly component of its motion, if one may judge by the

general phenomena of a boulder-transport in the coastal tract of

Yorkshire ; and this conclusion is strengthened greatly by the direc-

tion of the few glacial striations observed upon the rock-surfaces.

One striated surface has been observed in Robin Hood's Bay by my
friends Messrs. H. B. Muff & T. Sheppard, 1 and I had the pleasure of

seeing it under Mr. Muffs guidance. It occurs on the top of a hard

bed of Estuarine Sandstone at Bay Ness, and the striae have a direction

towards the south. The effect of a thrust in a southerly direction

would be to cause the ice-lobe to stand well away from the escarp-

ment at its north-westerly angle, while it would press much more
closely against the very precipitous slopes on the south and south-

east ; so that while in the north-west there would be a considerable

lake to discharge by the Foulsike overflow, there would be only

space for a series of small narrow lakelets along the southern edge.

These lakelets appear to have drained for a long period by means
of a marginal channel trenching the face of the escarpment, and
attaining at last a depth of about 70 or 75 feet. This channel,

about a mile in length, is now occupied in its lower half by a small

rivulet, Burn-Howe Beck, but near the intake at Cook House it is

streamless.

Two related channels trench the western end of Stony-Marl

Howe, and converge before opening into the head of Burn-Howe
Valley, near the confluence with which the small stream that they

at present conduct doubles back and flows into the Robin-Hood's

Bay drainage, while the old course is still traceable as a dry valley.

I am convinced that the Burn-Howe channel continued to operate

for a long period, yet not for the whole time during which ice-

dammed lakes persisted in the district, as its thalweg falls steadily

from the intake at Cook House to within about 600 yards of Jugger-

Howe Beck, in which distance it has declined from about 610 or 615

feet O.D. to 525 feet. Beyond that point, however, the slope is

much steeper into Jugger-Howe Beck, namely, about 100 feet in

600 yards. The steeper slope represents the more active cutting

by Jugger-Howe Beck since the abandonment of the Burn-Howe
channel by the Glacial waters.

The recessed character of the grit-escarpment brought about, as

1 Glac. Mag. vol. iv (1896) p. 52.
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the ice-edge retreated, the formation of two other marginal lakes

similar to that in the valley of Kirk-Moor Beck, and each of these

had its own separate overflow-channel cutting through the narrow
watershed between the Robin-Hood's Bay drainage-slope and the

great intercepting-drain of Jugger-Howe Beck. These overflows

doubtless originated in the channels produced by streams running
directly off the ice-front itself as it slowly retreated.

Some channels such as I describe were thrown out of action, as soon

as the ice shrank well away from the watershed,, and lateral communi-
cations were opened up. One good example of these temporary over-

flows is seen running from the cross roads near Evan-Howe farmhouse
towards Evan-Howe Slack.

We now have the recess of Robin Hood's Bay occupied by three

lakes—Kirk-Moor Lake on the north, Evan-Howe Lake in the

centre, and Blacksmith-Hill Lake on the south.

The overflow of the first of these by Foulsike I have already

described. The second, Evan-Howe Lake, was drained by a gigantic

trench, Evan-Howe Slack, a valley about half a mile long, 100 yards

wide across the floor, and nearly 100 feet deep. There is at present

no stream in the upper two-thirds of its length, and only a dimi-

nutive rivulet in the lower part : its broad intake is probably at

about 535 or 540 feet above sea-level.

During the shrinkage of the ice-lobe, the spur separating this lake

from Kirk-Moor Lake to the northward was gradually uncovered,

and, as the outlet of Evan-Howe Lake was lower than that of

its neighbour, channels were cut across the lower parts of the spur

whereby Kirk-Moor Lake was drained into Evan-Howe Lake.

Therefore the Foulsike overflow now became functionless. Two of

these lesser channels are traceable at Moor-Close Plantation and
Chapel Garth respectively. The former has its intake somewhat above

550 feet O.D., and the latter is a little lower. I am unable to explain

why the levels should be arranged as they are. If the Chapel-

Garth overflow, which is the farthest from the ice-front, were a deep
and strong cut, I should be inclined to suggest that it had been re-

deepened in consequence of the closure of its rival by a forward

oscillation of the ice, but in fact it is a very shallow and ill-defined

valley.

The southern lakelet drained by the Blacksmith-Hill overflow,

which is a gorge almost exactly comparable in its dimensions with

Evan-Howe Slack. It is about 1000 yards long, and 50 to over

100 feet deep; a small stream occupies about two-thirds of its

length. The intake is about 510 feet above O.D. ; but, as in all

other large channels, there is a good deal of peat in the floor. The
lake was probably from its inception fed by the drainage previously

flowing down Burn-Howe Dale, which channel was consequently

abandoned. This is indicated clearly by the levels—the intake of

Burn-Howe Dale is above the 600-foot contour, but the watershed

upholding the Blacksmith lakelet for more than half a mile lies

below that level. The retreat of the ice-front threw the central and
southern lakes into confluence ; and as the Blacksmith-Hill outlet was
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well below the intake of Evan-Howe Slack, it took the whole
drainage. When this happened, the ice still stood for a short time

against Swallow Head, the spur which bounded Kirk-Moor Lake,

for the overflow across the spur at Moor-Close Plantation cuts at its

lower end below the Evan-Howe-Slack intake.

A final and, I think, rapid recession of the ice opened some way
for the waters round the seaward end of Peak, and perhaps by
channels cut in lower grounds of which marine denudation has left

no relic ; or it may be that some traces exist in the curious under-

cliffs which have long been among the problems of the geology of

the Yorkshire coast.
1

I think it probable that during nearly the whole period of

prevalence of the lakes which I have just described, water was
flowing out of Iburndale by way of Biller-Howe Dale. Is"o lower

escape for the drainage of that valley or of the outer face of the

Sneaton Moors existed, or could have existed without leaving

unmistakable traces.

I must mention two remarkable examples of deserted oxbows
occurring in the system of valleys here described. They possess a

more than common interest, as they are of opposite types, and
prove with unusual clearness the nature of the agency which
constrained the drainage in these channels and the radical change
which was effected.

A small deserted oxbow in Biller-Howe Dale has already been
mentioned. In that case, the old channel was on the 'iceward'

side of the more modern one, and I attributed its closure to a slight

advance of the ice. An exactly similar, but far finer example is

found running behind Brown Bigg—a bold and steep-sided hill

dissected out of a high patch of moorland on the east side of the

Jugger-Howe Valley. The old channel is very sharply cut ; it has

a maximum depth of about 60 or 70 feet, and a length of nearly half

a mile. At both ends, it opens out on the very precipitous wall of

the Jugger-Howe Valley, at an altitude of about 60 or 70 feet above
the floor of the valley. (See fig. 22, p. 543.)

The explanation which occurred to me during my examination of

the ground, was that this was a portion of the main marginal channel
which was produced at an early stage of the ice-invasion, when the

maximum extension was almost attained ; and that a subsequent
forward movement brought the ice-edge across one or both ends of

this loop, and caused a new and deeper channel to be cut outside.

In this particular case, interesting confirmation of my hypothesis

was found in the discovery of a patch of stony clay with erratics on
the northern end of Brown Bigg. Also, on a sort of terrace or bench
on the face of the Jugger-Howe Valley, a little to the north of the

intake of the oxbow, a quantity of gravel was found that extended
up the slope to the watershed, which is rather low there.

1 The undercliff at Peak is largely, I am sure, of origin similar to the Cre-

taceous undercliffs of the South of England. It is due, that is, to landslipping,

as I have observed considerable landslips actually in motion.
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The other example of a deserted oxbow is on the Avestern side of

Evan-Howe Slack. It is, like the last, of crescentic form, but

the crescent is turned in the opposite direction. It is about a

quarter of a mile long, some 40 feet deep, and opens on the wall of

the main valley at an altitude of about 50 feet. I consider that in

this case the main Evan-Howe channel was first formed, and that

it was closed by a slight forward movement of the ice, probably

the same as that which closed the Brown-Bigg channel. On the

retreat of the ice the old channel was still the deeper, and flow

along it was resumed.

Pig. 22.—Brown Bigg viewed from the west side of Jugger-Howe

Beck. (The deserted oxbow is shown on the left of the ridge.

Jugger-Howe Beck in the foreground.)

WMi&mM.

[From a photograph by Mr. Godfrey Bingley.]

Before taking final leave of this section of country, I may just say

that the discovery of this complex reticulation of channels cut by the

overflowing waters of Glacial lakes, out of a gently-sloping plateau

of at present heatherclad moors, impressed me more than any other

illustration of the effects of the Ice-Age that I have seen. The
necessity for some explanation dependent upon the admission of a

great ice-sheet in the North Sea has never appeared to me more
imperative ; and I earnestly hope that the few distinguished British

geologists who still find themselves more impressed by the diffi-

culties—great and real difficulties—in the way of the acceptance of
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such an ice-sheet as a postulate in post-Pliocene geology, than with
the facts which have led so many to accept it as, with all its conse-

quences, the only possible solution of the problem, will find an
opportunity of examining this remarkable region. An easy way to

see three of the great valleys, namely, Burn-Howe Dale, Blacksmith-
Hill channel, and Evan-Howe Dale, is to take the coach from
Scarborough to Whitby. Not only does the main road between the

two towns cross these three valleys at their best parts, but it

also traverses many fine overflow-channels in the country farther

south.

(b) Peak to Cloughton, and Hellwath to Harwood Dale
and Burniston.

The very complicated area now to be described extends from
Jugger-Howe Beck to the country between the parallel of Peak on

the north and the line of the Lindhead (Burniston) Beck on the

south. The western and southern boundaries coincide closely with
two great pre-Glacial valleys. The area thus enclosed is traversed by
two streams flowing along ancient lines of drainage—Hayburn Beck
and the nameless stream in Staintondale, which become confluent

close to the sea at Hayburn Wyke : their respective valleys were the

sites of glacier-lakes. (See map, PL XXVII.)
The area is extensively Drift-covered, especially near the coast and

near the western boundary. Xot even the highest prominences on
the northern watershed appear to have entirely escaped glaciation.

I have found, as before stated (p. 493), Drift-gravel with various

erratics, including flint and Cheviot porphyrites, on the moorland
near Green Dyke at about 825 feet above sea-level, and over Stony-

Marl Howe. But Pye Bigg, only a mile farther south, appears to

be Driftless, though my examination was restricted to the eastern

and northern slopes and the summit, and I did not realize at the

time that any special significance could attach to the observation.

It seems certain that, for a short time at the period of maximum
extension, the ice reached the edge of what is now Jugger-Howe
Beck. Whether the ice-margin was entire from Burn Howe to the

confluence with Hellwath Burn, or whether it swept in two lobes

round Pye Kigg and Stony-Marl Howe, leaving an unglaciated

area behind (that is, west of) the high ground, I am unable to say

;

but the evidence is quite decisive that this condition quickly super-

vened. I shall assume that the latter was the case, as for the

purpose of the present discussion all the special phenomena belong

to the stage of retreat. Before the Bobin-Hood's Bay watershed

was breached by the overflow of Jugger-Howe Beck, a wide valley

of normal type descended from Stony-Marl Moor along the Hellwath

valley nearly to the site of its present junction with Jugger-Howe
Beck ; thence, however, its course was continued down the Castle-

Beck valley.

When the ice advanced over the country, it thrust across this

valley so as to impound the water, which in consequence took an
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extramorainic course along the opposite side of the valley, until it

cleared the obstruction, at the same time that the overflow from the

Iburndale-Robin Hood's Bay area was sweeping down the same

line. In this way the Jugger-Howe valley was produced. A well-

marked range of gravelly moraine now extends along the verge of

Jugger-Howe Beck, which here runs in a narrow gorge from 100 to

130 feet deep, contrasting very strikingly with the broad open

Fig. 23.

—

Section across Jugger-Howe Beck and Castle Beck,

showing the moraine.
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valley of Castle Beck which runs beside it (see fig. 23). The water-

shed separating the head of Castle Beck from Hellwath Beck is not

more than 50 yards from the bottom of the deep ravine in which
the latter stream flows. At the assumed stage of maximum exten-

sion, a small lakelet was held up by ice on the north side of Stony-

Marl Howe, and a fine streamless valley with a double intake now
comes down to join Hellwath Beck. The altitude of the intakes is

about 750 feet. A marginal channel, already noticed in the section

on Robin Hood's Bay, also passed down the northern face of the

same hill, and carried its drainage into Burn-Howe Dale. The
southern ice-lobe appears to have withdrawn somewhat rapidly, its

margin retreating simultaneously to the south and the east until it

fell behind the north-and-south line of water-parting through Pye
Rigg and Hallow Rigg. So soon as this stage was reached, marginal

lakes began to be formed. One of these was drained southward by
means of a marginal channel, Pye-Rigg Slack, which was joined later

by a small overflow behind Moorland House, Rudda Howe. Perhaps

to this stage should be referred a small overflow towards Castle Beck
which passes through a spur near Thorn Howe. A fine gravel-

mound marks its outlet on the southern bank : it cuts the 525-foot

contour. A slight shrinkage of the ice enabled the water here to

escape in a south-easterly direction down the valley, at present

carrying very little drainage, which extends into the Broadlands
valley, cutting through a bold belt of moraine in its course.

From this point, the retreat of the ice seems to have been very
gradual, with long and frequent halts and even some re-advances,

repeating in a striking way the fluctuations recorded by the Robin-
Hood's Bay series of overflows. The retreat produced two definite

lakes—one at the head of Bloody Beck, the principal affluent of the
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Staintondale stream, the other at the headwaters of Hayburn Beck.

As I shall have many occasions to refer to these, I may designate the

former Lake Staintondale, and the latter Lake Hayburn.
The Pye-Rigg-Slack and Rudda-Howe overflows were the first

effects of the northern lakelet, which formed an aligned sequence
with Lake Hayburn and drained into it. The retreat of the ice-

margin opened an outlet for Lake Staintondale by a broad col at

Rudda Road, where a well-marked overflow, now a swampy gully,

exists. It is barely indicated by the 575-foot contour, and its

intake may be at about 580 feet. Corresponding with this is an

outlet to Lake Hayburn, Cowgate Slack, which commenced to

trench the long spur of Hardhurst Moor at about 625 feet. I think

that but little cutting took place before a temporary retreat of the

ice-front freed a lower col, and the gorge called Hardhurst Slack
was cut by the overflowing waters. This channel began operations

at or a little below 625, and although it failed to lower its intake

to 600 feet (namely 607), it is nevertheless a fine example of a

glacier-lake overflow, in its lower part 40 feet deep, with very

steep sides and almost dry.

A slight re-advance of the ice closed the intake of this channel, and
brought Cowgate Slack again into operation. This continued now
to perform the functions of an overflow for a great length of time,

and the channel was cut to a depth of more than 50 feet, deepening

where it crossed the old watershed to more than 75 feet.
1

The view into the intake of this valley (which is at 580 feet) from

the Scarborough-and-Whitby Road near the Falcon Inn is highly

impressive. A very diminutive stream now trickles at the bottom,

not of sufficient volume to keep the channel clear of vegetation.

During the period covered by the formation of Cowgate-Slack Lake,

Lake Staintondale cut through a second col in the spur between

the two lakes, and an overflow-channel was produced nearly on

the line of Tofta Road. It was commenced at an altitude well

over 625 feet, but ceased operations at over 600 feet. The
unbroken line formed by the 600-foot contour at the Hayburn-
Lake side shows that this overflow cannot have operated for long-

after the resumption of the Cowgate escape, and I therefore

conclude that there was a retreat of the ice-front by which the

two lakes became confluent.

A further retreat of the ice-front to the eastward began to

free the long spur bounding Lake Hayburn on the south, when a

point was at length uncovered which was lower than the intake

of Cowgate Slack: at that precise level a new channel began

to be formed close against the edge of the ice — this is the

Ringing-Keld overflow. At first it competed with Cowgate Slack

on something like equal terms, but the narrowness of the spur

to be cut through, and the further recession of the ice, gave a decisive

1 I think that it may be possible for some future investigator to correlate

the oscillations here recorded with those in the Robin-Hood's Bay area, and

even perhaps with that which produced the oxbow at Moss Swang, and the one

in Hardate Slack.
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advantage to the new outlet.,

which developed into a large and
deep valley, now very swampy in

its upper parts, but drier lower

down where the steep fall enables

a small stream about a foot wide

to form. This valley is just a mile

long, and falls in that distance

100 feet. It terminates abruptly

at 400 feet in a fine terrace, which
evidently represents the level of

another lake to be presently men-
tioned. The intake of Ringing-

Iveld Slack was cut down to about

551 feet.

The further course of the ice-

margin is well shown by Oxdale
Slack, a magnificent gorge nearly

a mile long, and not less than

75 feet deep at the intake,
which gashes completely through

a bold spur composed of hard

and massive grit forming the last

limb of the Lake-Hayburn water-

shed. There is scarcely any more
instructive and convincing ex-

ample to be found in the district

than this wild rocky gorge sweep-

ing completely through from side

to side of the hill. The cutting

was commenced at a little over

450 feet, and it ceases at a little

above 375. The form of the

contours at the intake shows that

a small lake probably received

the water from Ringing - Keld
Slack and transmitted it to

Oxdale Slack.

Another overflow, rather doubt-

ful, and difficult to observe on

account of a thick growth of

young pine-trees, crosses Clough-

ton Moor at a slightly lower ele-

vation. But the next marked halt

of the ice-margin was at Cloughto n-

Moor Cottage, where a new over-

flow was formed which commenced
to operate at about 500 feet O.D.,

and continued to carry the drainage

until, by the cutting down of the

A>.,S ai«8*oo 8
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intake, the lake-level had fallen to about 460 feet. The valley thus

formed is nearly lj miles long, with a lengthy stretch of morass

in its upper part, a virtually streamless middle portion, and a

small rivulet in the lower half. The intake-end of this valley is

particularly interesting, as it enables the precise relation to the ice-

margin to be defined. At Cloughton-Moor Cottage, within 100

vards of the intake, a transverse section of the valley would show a

narrow ridge-like retaining-wall on the iceward side composed of

gravel, which extends for a quarter of a mile ; and on the opposite

side a quarry shows live rock with a cover of only 2 to 4 feet of

superficial deposits. These observations are in harmony with the

conclusions which might be drawn from the existence of this valley

on the brink of a steeply-sloping hillside—they show that the ice

must have stood steadily against the gravelly ridge, which I should

therefore regard as a moraine, until the overflow-channel was well

established. The precise position of the ice-margin at this stage can

also be fixed at another point. The hillside bounding Staintondale

on the west is steep and straight for a distance of about a mile ; and

in the neighbourhood of Staintondale village there are numerous

scarped shelves at altitudes of about 500 feet down to 475 feet.

This feature is specially well-marked through three fields just below

the Shepherds' Arms Inn.

These scarps, like those observed in parts of Eskdale and in the

Murk Esk, seem to have been produced by water flowing between

the ice-front and the hill. I conclude that Upper Staintondale at

this stage formed again an independent lakelet.

The next recession of the ice from Cloughton Moor through a

distance of about a quarter of a mile cleared a shoulder of the hill

about 450 or 460 feet above sea-level. This was a little lower than

the intake of the Cloughton-Moor-Cottage overflow, and the lake-

waters flowed round the margin of the ice, and commenced the

formation of a new channel which passes through the grounds of

Moor Lodge, the house itself being in the valley. The continuation

of this valley is by a remarkable and intricate set of reticulations,

brought about in part by the fact that the retaining-wall of the

valley was at one place the glacier itself, and in part also by slight

oscillations of the ice-margin, which closed and opened channels in a

rather capricious fashion.

The Moor-Lodge valley is in reality merely a gully 300 yards long

cutting off a corner of the hill. When it was lowered to about 440

feet, the water, after passing into an ice-bound channel for 200 or

300 yards, cut a notch behind Craven Hill producing a valley of

very characteristic form about half a mile long and 25 feet deep at

the upper end. A fluctuation of the ice, however, opened a way in

front (that is, east) of Craven Hill, and a shallow valley was

excavated there which was joined along a tributary cut, by a flow

directly from the ice-front.

The southern spur, trenched through by Oxdale Slack, was now
nearly freed from ice, but both it and an intervening spur were

still obstructed by the ice ; and in the northern one near Cloughton-
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Newlands a gorge called Stonedale was cut, much smaller than

Oxdale Slack, but of the same general type : the cutting was
commenced at about 360 feet and continued down to about 315 feet.

This carried the drainage at all stages of the cutting of the Moor-
Cottage and Craven-Hill overflows. In the earlier stages of the

Stonedale overflow, an overflow was cut through the southern spur

at Goosedale, but it was small and shallow. At a later stage than

that represented by Goosedale Slack, a retreat of the ice permitted

escape by way of Cloughton, at first through Stonedale, Holm Hill,

and Moor Lane, and later by Little-Moor Slack. A further retreat

of the ice freed the eastern edge of Little Moor, and a sharp valley

was cut parallel to the hillside, isolating a long hill known as

Cober. This hill is morainic at its northern end, while the

southern end I found (from a temporary excavation at the residence

of the late Sir Prank Lockwood) to be composed of solid rock.

This 'Cober' valley has a free opening to the eastward at the upper
(northern) end, while it also continues for a little distance to the

north-west, where it makes a blind termination at some moraine-like

hills. The valley previously referred to, as running from Holm Hill

to Moor Lane, has a somewhat similar arrangement at its upper end,

where it is closed by the sudden ascent of the valley-head.

The next retreat of the ice produced results of a less equivocal

nature—an easterly recession took place which freed a long straight

hillside for a distance of about 1| miles. A new cut was com-
menced at about 325 feet and was steadily cut down to 2dd feet,

forming the splendid streamless ravine, Newlands Dale, through
which the Scarborough & Whitby Railway now runs. The intake

near Hayburn-Wyke Station and Hotel is at about the 250-foot

contour. The iceward boundary of the intake is very like that of

the Cloughton-Cottage overflow, and perhaps, like it, is composed of

Drift.

I may now briefly refer to the strip of country between Stainton-

dale and the sea.

A line of morainic gravel-hills forms a strong ridge about
Prospect House and AVhin Hill, and the western face of this ridge is

deeply guttered, as though by water flowing off the ice—a feature

that is also well shown farther north at Danes Dale.

At Heathard Point, at liigg Hall, and to the east of East-Side

Farm, are three Glacial stream-channels, but they have all been

beheaded by the erosion of the coast ; and I am unable to say whether
they drained lakelets, or merely, like those just named, flowed

directly off the ice. Their magnitude renders the latter supposition

improbable.

There remains now in this section of country the great valley of

the West and East Syme, extending from Harwood Dale to

Burniston. This valley, which is bounded along the south side by
the great Corallian escarpment of Hackness and Silpho Moors, is now
occupied by two diminutive streams which flow westward and east-

ward respectively from a low, scarcely perceptible watershed at

Q.J. G. S. No. 231. 2 i>
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275 feet across the middle of the valley. It is quite obvious that

the valley was not cut by such runlets as now trickle through it, and
we must seek an explanation in the diversion of the drainage by ice-

obstruction, in the same way that similar phenomena elsewhere have
been explained. Mr. Fox-Strangways has apparently not included

this in his explanation of the vicissitudes of the Derwent, but
it seems to me clear that whatever cause operated to produce
Forge Yalley, was equally in operation here to give rise to the

Hackness gorge.

The valley of the two Symes extends, as before remarked, to

Harwood Dale, and it cannot be doubted, I think, that in pre-Glacial

times whatever stream flowed in that valley must have come through
to Burniston, and so to the sea. But the pre-Glacial drainage of

Harwood Dale would have been less than that which now flows

down the valley by all the captured waters from the Bobin
Hood's Bay area, and so I think would not have produced

unaided so large a valley as that of the Symes. If, however, we
suppose that the Derwent also flowed in this direction, the

difficulty is removed. The Derwent flows in a course nearly

parallel to Harwood Dale, to within a little over a mile of the West
Syme, then turns eastward as though to make for the sea; then, after

following this direction for about 200 yards, it turns again southward,

and enters the great Hackness gorge, more than 300 feet deep. At
the southerly turn it receives the stream from Harwood Dale that

has flowed along the foot of the Corallian escarpment in a cross-

channel, which is not only a direct continuation of the valley of

the Symes, but resembles it closely in configuration.

I therefore regard the Derwent as the stream primarily responsible

for the cutting of the valley of the Symes, while the origin of the

Hackness gorge I consider to have been somewhat as follows :

—

Before the Glacial Period, it was merely one of the many deeply-cut

valleys which trench the Silpho and Hackness Moors, but this was
one of the lowest. When the valley of the Symes was obstructed by
the ice-invasion, the waters of the Derwent were impounded, together

with those of the Harwood-Dale stream, and formed a lake which
overflowed the rock-barrier about 550 feet above O.D., at the head

of the Hackness gorge. With the augmented volume of water

poured over, the barrier was cut down to such a level, before the

withdrawal of the ice, as to prevent any resumption of the drainage

along the old line through the valley of the Symes, which was left

by the ice much obstructed with an infilling of Glacial deposits.

There are two features of the Symes Valley which are peculiar

and rather perplexing. On the north side of the valley, nearly

as far as the transverse watershed, is a great accumulation of

gravel in steep-sided hills, elongated in the direction of the valley.

The most remarkable of these extend for, say, half a mile about

the Thirley-Beck Farm. To the south-east of the farm they are

hog-backed hills of gravel some 30 feet high, with sides steeper

than I have ever observed in any other British Drift-mounds. To the

north-west they are much broader, and enclose a deep longitudinal
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hollow in the form of a series of connected basins. The hollows

open to the westward, and are closed at the eastern end, so that the

enclosing hill has the form of a deep loop. The surfaces of these

hollows are strewn with very large boulders of Jurassic sandstone,

weighing perhaps from 2 to 10 cwt. each. The whole surface of

the hills was no doubt at one time covered with such blocks, for

all the drystone walls are composed of them. A section cut

through the deposits by Thirley Beck showed a packed mass of

large and small boulders. The source of these materials is not far

to seek—the excavation of Oxdale Slack would provide enough for a

hundred such hills, but their transport and accumulation I find it

difficult to explain.

The second singular feature displayed in the valley is a remarkable
and gigantic ' in-and-out ' on the north side of it at the water-

shed. A valley loops back into the hillside for a distance of a

quarter of a mile, then returns to the main valley, so that it winds
in and out again behind a central ridge of solid rock more than

50 feet high. The explanation which would ordinarily be given, is

that it was a detour effected by a stream to evade the ice-margin,

and this I believe it to be. At the same time it is difficult to explain

both its situation and the fact that such fall as the valley displays is

to the eastward, not to the westward as might have been expected.

Upon the latter point, however, it may be noted that two small

streams which enter the bend of the loop have been conveyed in an
artificial channel across and for some distance down the very level

floor to the east. The western limb of the loop is very boggy, and
there may be a mass of peat there which perhaps conceals a

westerly slope of the floor.

(c) Bumiston to Scalby.

This tract of country presents few features of which the inter-

pretation is clear. On the west, the heights of the Suffield-Moor

escarpment constitute a possible landward barrier against which
glacier-lakes might have been upheld, but the distance is very small,

only about \\ miles. Moreover, above the 400-foot contour, the

escarpment is very steep and unindented : no recesses occur in

which lakes could be maintained. At and below the 400 -foot

contour, the country is much more diversified ; but a difficulty is

encountered which has not previously been experienced—two direct

overflows occur, one at each end of the area, and a slight differential

recession of the ice-front might open the one or the other.

At the northern angle of the escarpment, a long spur of Drift-

deposits continues northward for half a mile, and I regard this as a

moraine marking a halt in the recession of the ice. Behind the

moraine, a shallow overflow falls to the northward. It shows a

later phase in which the channel exhibits what I have termed
' downstream dichotomy': the ice-front receded a little, and allowed

the overflow-waters to escape down the eastern and inner side of

the moraine.

2 i> 2
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Much moraine-gravel extends from here to Hollin Bigg, but no
decisive evidence of lake-overflows is visible. At the southern angle

of the escarpment at Scalby Nab a gravel-covered spur exists, of

much smaller dimensions than the northern one, but, like it, scored

on its outer (western) face by a small gully with a fall to the

southward.

(d) Scalby to Filey.

The last tract of country to come within the scope of this

paper is that which completes the system of extra-morainic drainage

of the Cleveland District on its seaward side. It extends from
Scalby to Filey along the coast, and inland from Mowthorpe at the

top of Forge Valley to Wykeham in the Yale of Pickering. The
physical features of the region are simple—there is a coastal tract

of Middle Jurassic rocks backed by a bold escarpment of Corallian

rocks, which sweeps round from Mowthorpe by way of Scarborough
to Gristhorpe, where it reaches the coast and forms the fine range of

cliffs terminating in the natural breakwater of Filey Brigg.

The Corallian rocks dip in towards the Vale of Pickering, but the

strike, which is nearly due east and west in the Forge Valley,

swings round to a west-north-westerly and east-south-easterly

direction near Filey, while in a westerly direction it changes

in the opposite sense ; the dip- slope is consequently arcuate.

Many deep valleys exist in the Coralliau rocks which are

almost or quite destitute of streams at the present time. Such
valleys may have been produced like those in the Carboniferous

Limestone, by streams which have subsequently taken to under-

ground channels ; or again they may, like the great valleys in the

Chalk Wolds, have been excavated by running water during the

Glacial Period, when the rocks were all rendered impervious by their

frozen condition. It has been necessary to discriminate carefully

between these valleys and the abandoned lake-overflows. The Drift-

deposits attain a great thickness in the area (in one case noted by
Mr. Fox-Strangways, probably as much as 200 feet) in the deeper

pre-Glacial hollows. 1 have found it desirable in this investigation to

examine very carefully the extension of the Glacial deposits at high

levels on the Corallian rocks : it seems clear that they extend

completely over the range from Scarborough to Filey. The great

elevated block to the westward of Scarborough—Seamer and Irton

Moors—opposed, however, so great an obstacle to the ice, that

although the escarpment wras overtopped even at its highest part, and
gravelly moraine was laid down near the brink to form the irregular

range of hills culminating in Seamer Beacon 600 feet above sea-level,

yet the western slope was never invaded.

The edge of the ice here can be made out with great precision.

Hagworm Hill is a mound of sand and gravel with erratic

pebbles, and similar hills range southward to Biggs Head, but I

searched in vain the cultivated land immediately to the westward

for a foreign pebble—the soil appeared to be entirely the product of

underlying rocks.
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The pre-Glacial drainage-lines of this region differed in one

very material respect from those now followed—the great wide

valley of the Sea Cut which passes between the Corallian blocks of

Suffield and Seamer Moors was occupied by a large stream, con-

sisting of the confluent waters of the Black Beck, Sow Beck, Kirk
Beck, and the stream which flowed down the Hackness Valley

before the overflow of the Derwent. It is not improbable that the

Sea-Cut valley remained open after the closure of the corresponding

valley to the north, that of the two Symes. In that case the

drainage of the whole country from Iburndale southward would,

after passing into a lake at Harwood Dale, overflow down the

Hackness gorge and come through the Sea Cut, but not even then

would it obtain direct access to the sea.

An advance of the ice-front to the Row-Brow escarpment near

Seamer Beacon would impound the drainage of the Sea-Cut valley,

producing a lake, which may (for convenience) be referred to as the

Hackness Lake. When the waters rose to about 400 or 425 feet

O.D., the lowest gap in the Corallian escarpment, which was at

Spikers Hill, would be surmounted, and a large volume of water

would flow down the dip-slope of the Corallian rocks towards West
Ayton, in the Vale of Pickering. I do not think that any con-

siderable valley existed previously on this line, the contour of the

country seeming opposed to such a view.

The line of drainage thus initiated was rapidly deepened and a

veritable caiion, Forge Valley, produced, which in the sharpness

of its lines surpasses even the Hackness gorge. Some features of

the emergence of the Glacial torrent into the Vale of Pickering will

be described a little later (p. 557).

An ice-lobe appears to have penetrated far up the Sea-Cut valley,

and I am disposed to regard the great mounds of gravel at Thorn
Park, close to the Derwent, as of direct Glacial origin ; but I do not

think that the ice advanced much beyond this point, for there is a

second low gap in the Corallian watershed less than three-quarters

of a mile beyond the entrance to Forge Valley, and had the invading

lobe reached this point, Kimlin Slack would have usurped the

functions of Forge Valley. The cutting of the last-named valley

must have proceeded, during the maintenance of the ice-barrier,

to a depth not far short of 135 feet O.D., as the present watershed of

the Drift-obstructed valley of the Sea Cut only reaches that alti-

tude, and a great artificial drain has been cut through from the

Derwent to Scalby Beck, by which a considerable volume of water
is discharged at normal seasons, and still more when the Derwent
is in flood. Unless Forge Valley had been cut as deep as this, the

Derwent would have reverted to the old channel.

We may now consider the Glacial drainage of the Scarborough

embayment.
The Oolitic escarpment is much indented between the north-eastern

angle of Seamer Moor and Wheatcroft, a hamlet about 1 mile east

of Scarborough. Many deep valleys existed hereabouts in pre-Glacial
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times, and through one of these a great overflow was cut which

must have played an important part in the stages of advance and

retreat of the ice-front, when small lakelets were held up in

numerous re-entrant angles of the hills. This valley is that through

which the railway passes from Seamer to Scarborough.

The way in which it expands towards Scarborough shows that

it is not, like Forge Valley, entirely the result of Glacial stream-

erosion, but that a pre-Grlacial valley existed with a northerly

outlet. At present it is quite streamless, and an artificial pool,

the Mere, occupies a

Fig. 25.

—

Borings at Scarborough Gasiuorks. position near the

watershed which is

E. roughly 135 feet above

sea-level, but there is

a good deal of peaty

material in the floor,

and the actual rock-

floor is probably^ con-

siderably lower. 1

Now, with an out-

let at each end, namely,

by Forge Yalley and
by the Seanier valley,

the drainage of the

recess at Scarborough

must necessarily have
been very liable to

reversal, according as

some slight fluctuation

of the ice-margin freed

the one or the other

outlet. This fact was
strongly borne in upon
me in working over

the ground. Late -

overflows are numerous, but no clear system can be recognized;

for, not only may two overflows in the same spur drain in opposite

directions, but even one and the same channel bears evidence of

flow at one time to the northward to the Forge overflow, and at

another southward to Seamer. I will speak of some of these

in detail.

The outstanding shoulder of Gornbrash beyond the north-eastern

corner of Row Brow, near the village of Throxenby, is deeply

trenched by a fine overflow in which Throxenby Mere has been

1 Since this was written I have been furnished, by the courtesy of Mr. Crawford,

manager to the successors of the late Mr. G. Smalley, well- sinker, of Hull, with

details of three boreholes put down at the Scarborough Gasworks, which are

situated about 1500 yards north of the watershed, and stand at a surface-

altitude of about 115 or 120 feet O.D. Fig. 25 shows the details of these

borings, which furnish complete corroboration of my surmise, and further

reveal a very remarkable cliff-like sub-Grlacial declivity.
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formed by an artificial dam at the eastern end. The western intake

however is closed by so slight an elevation, that I think a How has

taken place in both directions, the last being that (o the eastward.

The cutting of the valley was probably commenced at about 275
feet, and ceased at about 235 feet. Hackness Lake, therefore, stood

between those levels for a short time.

An earlier stage is represented by a very small notch 100 yards

to the northward, which shows a slight fall in both directions

from a central watershed about 385 feet above O.D. This overflow

is cut through gravel. The flow seems to have occurred in both

directions, the eastern being the last. There is a bench like a

beach at the 300-foot contour on the south side of the hill.

To the westward a well-marked marginal channel, with a fall

towards Forge Valley, occurs in a gravelly tract above Ox-Pasture
Hall. The intake is a little below 225 feet CD., and it is trace-

able to a point about a quarter of a mile to the westward, where it

cuts the 175-foot contour.

Turning back towards Scarborough again, we find a channel cutting

the 300-foot contour behind (west of) Hatterbord Hill. This hill is a

portion of a fine moraine, which projects forward from the escarpment

at the farmhouse called 11ow Brow. The channel drained north-

ward towards Forge Valley, and it was modified considerably by
subsequent morainic accumulation. On the eastern side of the same
hill a long shallow channel exists, which is in my judgment clearly

an overflow. It cuts the 225-foot contour, and falls to the south

towards the Seamer escape : it is quite streamless. Lady Edith's

Drive is another related drainage-valley having an easterly fall.

Taken in conjunction with the last, it seems to indicate a recession

of the ice-front to the eastward and northward.

Four remarkable valleys cut through the ridge of Kellaways
Rock to the eastward. At Northstead the northernmost cuts the

ridge with a fall to the westward down almost to the 225-foot

contour. The intake has a southerly curvature, probably indicating

that the water was flowing from that direction, and this is confirmed

by the fact that the hill falls away to the northward. The ice must,

as in the former cases, have stood to the northward.

The next, Peasholm Valley, is now occupied by a stream flowing

eastward, and, ipso facto, I should have concluded that the

Glacial drainage of which it is certainly a relic had the same
direction. Nevertheless, I am inclined to the opinion that a reversal

of the drainage has taKen place since Glacial times, mainly perhaps

by the action of springs.

The Scalby-Eoad valley, which cuts well through the 200-foot

contour, was formed by a stream flowing westward; the last, the

Stepney-Road valley, which also falls westward, cuts through the

225-foot contour.

The group of four I should regard as a connected or parallel

sequence ; but it is necessary to assume, what is by no means
improbable, that there were, fluctuations of the ice-front. These
fluctuations may not only have closed with an ice-barrier a channel
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after it was cut, just as happened to Hardhurst Slack, but may also,

as we have seen, have caused an actual reversal of flow.

I think it not improbable that the series was partly cut in

order from south to north, the Northstead Valley being the last ; but

that a re-advance of the ice and second recession completed the

cutting of all except the Northstead one, which, owing to its greater

elevation, could not have been eroded while lower channels stood

open farther south.

In the angle of the Scarborough recess, two overflows of brief occu-

pation may perhaps exist in the cols at Cross Lanes at 307 feet

above sea-level, and beside the ancient camp near the Racecourse. 1

In the latter case, two valleys inosculate on a col at 464 feet O.D.,

but the abandoned head of the southern valley is traceable in

the high ground to the eastward. Both these overflows, if overflows

they be, drained into the Seamer Valley.

The last Glacial drainage-channel cutting through the Oolitic

escarpment from the Scarborough recess, is the fine valley called

Deep dale. This valley has many of the characteristics of the

Seamer valley, from which it is separated by the bold ridge of

Weaponness, culminating in Oliver's Mount, about 500 feet

above sea-level.

The present watershed across Deepdale is situated well to the

northward of the Corallian escarpment, and from this point a small

stream flows in each direction. The watershed, which is in a

country heavily covered with Drift, is a little above the 250-foot

contour. There is a boulder of Shap Granite within 20 yards to the

eastward.

This valley seems to have carried off the drainage of a small

lakelet about "Wheatcroft, but though the valley is of considerable

size, the amount of cutting was probably not very great. I do

not think that the beheading of the stream by marine erosion

would account for its present form and condition. I should

consider its sharp outline and precipitous sides to indicate the

passage of a large volume of water through it at some date too

recent for the comparatively slow erosion of the coast to explain it.

From this point onward to Filey Brigg no definite overflows are

traceable, marine denudation having probably carried away a

considerable tract of land higher than that which remains.

(8) The Vale of Pickering: Eastern End.

It now remains to consider certain phenomena displayed by the

country within the Vale of Pickering, that is, behind the Corallian

outcrop.

The closure of the Vale by a species of morainic barrier running

through Hunmanby was long ago recognized by Carvill Lewis,

Mr. Fox-Strangways, and others; but it has seemed to me very

1 A re-examination of the ground has rendered me more sceptical as to these

gullies.



Vol. 58.] GLACIER-LAKES IX THE CLEVELAND HILLS. 557

important to ascertain how far the ice extended westward, and upon

this point there was a lack of data. My friend, Mr. J. W. Stather,

F.G.S., has kindly placed his extensive knowledge of the district at

my disposal, and aided me greatly in attempting to solve the

problem.

I have described the occurrence of a range of gravel-mounds on

Seamer Moor, which T take to mark the extreme limit of the ice

at that level ; beyond this, which I consider to be the moraine,

Mr. Stather and I found the country absolutely free of Drift.

Not so much as a foreign pebble could be discovered at a distance of

200 yards beyond it, even upon lower ground. Outside the

moraine the steep slopes of the moorland towards the south

are deeply trenched by dry gullies, which appear to have been

produced by water flowing from the ice-front. This remark applies

especially to the groove running down to Betton Farm.
At Seamer an immense spread of gravel is to be seen near the

railway-station, and this may perhaps be connected with the two
great gorges, Deepdale and the one admitting the railway to

Scarborough. Between the latter valley and the entrance to Forge

Valley, the lower slopes of the moors present some noteworthy

features. Several valleys occur which run for some distance from

east to west, then swing southward : one of them, "Waydale l
for

example, cuts across a spur, or rather through two—one a projection

of the moors bounding the Scarborough-Seamer valley, and the

other a swell of the hill near Waydale House. A very common
feature of these channels is that they frequently have a blind head,

or there is some transverse mound interrupting the continuity of

the thalweg. The features are repeated in certain channels to the

west of Forge Valley, which will be mentioned later.

Much gravel occurs in the strip of country displaying these

features ; but it is intermittent, until a point is reached immediately

north of East Ayton and close to the beginning of Seave-Gate Gill.

Thence onward to Gallows Hill, between "Wykeham and Brompton,
the great gravel-bench extends which Mr. Fox-Strangways supposed

to be the beach of Lake Pickering. This mass presents an abrupt

scarp over 50 feet high overlooking the Vale of Pickering. The
brow of the scarp is, at the eastern end, above the 200-foot

contour, but it declines westward. The breadth of the terrace

varies from less than a quarter up to over half a mile ; and its upper

edge, where it rests upon the slopes of the hills, falls from very

nearly 250 feet (probably about 245) on the south of Forge Valley,

to a little over 200 feet near Wykeham. (See map, fig. 26, p. 558.)

The surface-features of this gravel-bench are very noteworthy.

Deep valleys come down the dip-slope of "the Corallian rocks, of

which some (for example, Yedmandale) are destitute of streams

;

while others, like Beedale and Sawdondale, carry little becks, and
one (Forge Valley) is occupied by a small river, the Derwent.

1 The local name for this valley is ' Marra Mat,' and the stranger will fail

to find it as Waydale.
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Each of these valleys, when it reaches the gravel-bench, undergoes

a sharp westerly deflection; moreover, across the flat top of the

gravel-bench, a series of deep channels has been left, forming an

almost complete series of links connecting each stream or valley with

its neighbour on the west. These channels are generally at a level

of 30 or 40 feet above the streams that they appear to have served,

and only in two cases, Beedale Beck and Sawdon Beck, are they at

present occupied by streams. One very fine example, forming

Rushton-Cottage Pasture, the deepest of the whole series, is inter-

rupted by a ridge of gravel which shuts in a deep hollow in a part

of the channel.

At the western end, by Wykeham and Rushton, the gravel-terrace

is extremely uneven, and it comes to an abrupt and singular

termination in a great horn running for nearly a mile out into the

valley, from 'the dead-flat floor of which it rises as a bold and

picturesque ridge bearing the ancient Wykeham Abbey. This portion

of the gravel-mass presents contours quite unlike the scarp of the

terrace at West Ayton or Hutton Bushel. A small outlier of gravel

lies to the west of the Wykeham ridge, and rests upon a prominence

of rock forming Gallows Hill. Beyond this, both terrace and gravel

abruptly cease.

Some features of the composition and condition of the gravel may
be mentioned. Many sections exist, from which its constituents

can be ascertained : I paid particular attention to two gravel-pits

at Yedmandale and Hutton Bushel. At the former the beds

were of sands and gravels, the pebbles consisting mainly of

Jurassic sandstones and limestones, with many Cheviot andesites,

some greywackes (probably from the Valley of the Tweed), some
jasper, and a few granite-pebbles. I also found fragments of

marine shells, among which I identified Telllna baltliica and

Cyprina islandica. At Hutton Bushel, in a gravel-pit on the

200-foot contour, rather coarse, horizontally-bedded gravels were
exposed, often of the type (so common in Glacial accumulations)

which I have termed dry gravels, that is stones packed with

open interspaces not occupied by sand or other infilling. The
stones were mainly local (Corallian), but there were fragments of

Kimeridge Clay, many pebbles of Cheviot porphyrite, and some
Magnesian Limestone of the Roker (Sunderland) type, gneiss, and
granite. I was informed by the Rev. W. C. Hey that shell-

fragments are common in these gravels, and that a great many were
obtained in a temporary pit opened immediately east of Forge Valley

near East Ayton.

We have here, I think, a body of facts which show conclusively

that the Hutton-Bushel terrace is not a simple lake-beach. The
pronounced fall of its surface from east to west might, of course, be

explained upon the supposition of a differentia] movement or tilt of

the region
; but, even if there were no other difficulties remaining,

I should hesitate to have recourse to so bold an expedient, except

in presence of proof of such a movement of an overwhelming
character. There are other, and in my opinion even more weighty,
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objections, still remaining. I ought, however, to remark that there

are several facts which might be interpreted as evidence of an uplift

of the Yorkshire coast since Glacial times, and one which might be

regarded as evidence of a differential movement. Dr. W. Y. Yeitch

*

has described a raised beach at Cat Nab, near Saltburn, and his obser-

vations are confirmed by Mr. Barrow.2 The beach is clearly post-

Glacial, and is about 30 feet above sea-level. Mr. Lamplugh has

described a band of shell-silt in the Speeton cliffs containing

estuarine molluscs, as, for example, Cardium edule and Scrobicularia

2)iperata, with the paired valves in apposition and the siphonal ends

upward. They occur at an altitude of about 80 feet above sea-level.

Lastly, I may mention that, whereas at Barnby Dun borings

indicate the rock-floor to be at least 170 feet below Ordnance-
datum, yet none of the borings made in the bed of the Humber or

in Holderness struck a hollow of sufficient depth to afford an outlet

to such a valley. A boring on Reeds Island made by Mr. Yilliers

(of Beverley) in 1888, found rock at a depth of 95 feet from the

surface, or about 85 feet below Ordnance-datum. If the evidence

regarding the Humber were complete enough to justify the

assertion that no such hollow or channel existed, then it might
be allowable, or even necessary, to attribute the discrepancy

between the levels of the Barnby-Dun Valley and its seaward outlet

to a differential movement and uplift along the coastline.

I mention these facts so as to assure critics of my views that

the alternatives have been considered.

The persistent westerly ' aberration ' of the debouchure of the

valleys points to the operation of some constraining agent which is

no longer present ; and when the deserted high-level channels which
linked these valleys together are reviewed, and found to indicate a

similar persistent tendency, the constraining agent seems to be

clearly indicated—ice in the form of a glacier-lobe would produce

this effect. Upon this hypothesis, the edge of the great ice-sheet

(which I have traced by its morainic deposits on Seamer Moor)
passed farther inland, where it encountered the feeble opposition of

the range of heights to the south of Scarborough, and so was enabled

to thrust its way up the Yale of Pickering to, and a little beyond,

Wykeham. The phase of maximum extension is, on this view,

indicated approximately by the gravel-patch on Gallows Hill.

After a very brief sojourn at this extreme extension, a protracted

halt took place about Wykeham, and I regard the great gravel-mass

there as the terminal moraine of this ice-lobe. Under the con-

ditions now set up, we may suppose the Forge-Valley overflow to

have come into operation, and a vast quantity of water from the

extensive area of land and ice to have come down the incipient

valley.

This stream would bring over a few erratics, along with immense
quantities of gravel and stones obtained from the denudation of the

gorge ; and these materials, mingled with lateral moraine, would be

1 Proe. Yorks. Geol. & Polyt. Soc. n. s. vol. viii (1883) n. 221.
2 Mem. Geol. Surv. « North Cleveland ' 1888, p. 71.
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washed into the space between the margin of the ice-lobe and the

hills to form a species of deformed delta, just such as I have

observed beside the Findelen Glacier. The stream on encountering

the ice would turn away westward towards the only point of escape,

Lake Pickering. The lake-level was at this early stage probably

about 200 or 225, or possibly 250, feet above sea-level, and the extra-

morainic stream would spread its gravels so as to produce a uniform

gradient from the floor of the rock-gorge down to the level of the

lake ; hence the glacier would be margined by a bench of gravel

the surface of which fell from east to west.

Each valley descending the ice-free slopes west of Forge Valley

would behave in the same way as the main stream, and would, like

it, turn along the gravel-bench towards the escape into Lake
Pickering. Flood-action would periodically operate to level-off the

larger inequalities of surface of the gravel.

In the recession of the ice-lobe, successive avenues of escape in

front of the ice would be found by the stream, and thus every step

of the retreat would leave a segment of the main channel high and

dry upon the top of the gravel-terrace. Irregularities in the gravel-

accumulations in time of flood may account for the curious trans-

verse interruptions in the slope of a channel. The most remarkable

case of the kind is that of a dry valley extending in a devious course

from the inner edge of the terrace at Beedale for nearly a mile,

until at Rushton-Cottage Pasture it forms a very deep groove like a

railway-cutting, and enters the valley of Sawdon Beck. It is quite

clear from its position that this channel at one time carried Beedale

Beck round the end of the moraine ; and I suggest that the closed

hollow in its course, which is surrounded by the 175-feet contour,

was produced in the subsidence of a flood which preceded or

accompanied a retreat of the ice-front, allowing the present outlet

of Beedale by Dingdale to open out. 1 am bound to say, however,
that a simpler explanation might be found in irregular solution of

the underlying rock.

When the ice-lobe retreated entirely to the eastward of Forge
Valley, the Derwent would debouch directly into Lake Pickering.

During some part of this retreat, it seems to me certain that a

lateral dwindling of the ice-lobe would permit the river to flow

between the elevated terrace of gravel and the ice. The result

would be some scarping of the gravel-bank, and a partial re-

distribution of its materials. Mr. Fox-Strangways has remarked
that besides the main terrace, ' there are two minor terraces, not so

well marked, at about the 100 and 140-foot contours.'
x

I have not
observed these as very definite features, but the explanation which
I offer would account for them.

In the recession from Forge Valley, the imenomena of the ice-

margin would repeat upon a small scale those already described, and
the Marra-Mat (Waydale) and other valleys would be produced.
When the edge of the ice had retreated to the spur forming the

1
• Valleys of N.E. Yorks' Trans. Lcicest. Lit. & Phil. Soc. n.s. vol. Hi (1894)

p. 3oU.
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western wall of the Seamer-Scarborough valley, a small lake dis-

charged by Waydale Lane, and cut the notch which severs the end
of the spur. The peculiar l dry ' condition of the gravel at Hutton
Bushel, and the common occurrence of fragmentary marine shells,

would be readily explained by the hypothesis here proposed ; but

it would be exceedingly difficult to explain their occurrence in a

lake-beach, whether the lake were closed by ice or by moraine.

It is a singular circumstance that no trace whatever can be found
either of beach or of moraine along the foot of the Challi-escarpment

which forms the southern margin of Lake Pickering; but the

explanation which seems to me most probable is that there was a

deficiency of materials, both for the beach and for the moraine. The
supply of moraine may well have been small, as compared with

that upon the north side, for the glacier-lobe would have a south-

westerly impulse which would bring upon the north side an ice-

margin that had rasped a large tract of hilly country, while on
the south side comparatively clean ice would come in.

Another important difference between the two sides of the valley

is, that on the north side occurs the long dip-slope of the Corallian

rocks, which would be drained by many streams carrying gravels.

Moreover, on the same side the enormous gorge of Forge Valley

yielded its waste to provide deltaic materials. On the south

side, the short escarpment-slope of the Chalk would contribute very

short torrential streams carrying but little detritus, and no overflow

appears to have taken place from other lakes.

IX. Sequence of the Ice-Movements.

In the section dealing with the Drift-deposits (§ VI, p. 489), I

reviewed the evidence which has led me to the conclusion that there

were three main ice-movements affecting the Cleveland area

—

a northern, from Scotland and Northumberland, not previously

recognized ; a western, proximately from the Stainmoor Pass and

the Valley of the Tees ; and an eastern, from the North Sea, and

more remotely from the area lying to the northward of the Skager-

Rack and the Baltic.

It now devolves upon me to endeavour to show the way in which

their very complex interactions produced the phenomena that I

have described.

The fact that rock-grooves running from north-west to south-

east across Hob Hill were disclosed by clearing away the Lower
Boulder-Clay—the oldest Glacial deposit of the district—may, I

think, be taken to imply that in the country north of the Cleveland

Hills the western ice was the first upon the ground. This inference

is greatly strengthened by Mr. Barrow's observation that the Lower
Boulder-Clay consists mainly of materials from the actually under-

lying rock or the rocks cropping out immediately to the west-
ward l

; and when it is remembered that one of the rocks borne by

this stream, the Shap Granite, is not only dispersed along the whole

coastline of Yorkshire, but even far down into Lincolnshire, and

1 Mem. Geol. Surv. ' North Cleveland ' 1888, p. 66.
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that at two places, Whitby and Robin Hood's Bay, it has been

found in situ in Lower Boulder- Clay, no further argument seems to

be needed to prove that the earliest stage of glaciation was effected

by the Shap-Granite-bearing Teesdale stream. This conclusion is

a reversion to an early opinion of mine, which was (I am bound to

say) scarcely warranted by the information that I then possessed.

The many and far-reaching assumptions which such a conclusion

as this implies, are not realized until we have considered what must

have been the condition of the Irish-Sea drainage-basin at the

time when a regurgitation of the ice flowing down the Vale of

Eden was produced, and the lofty ridges near the headwaters of

the Tees were overridden by the reversed flow. The Irish Sea

was the common receptacle for ice, not only from the mountains

of "Wales, the Lake District, the South-west of Scotland and of

Ireland, but the extreme state of congestion to which the Stain-

moor overflow was due may be said to have resulted from a great

influx of ice from the Clyde. Clear testimony to the fact, of this

influx is furnished by three lines of evidence. The striae upon rock-

surfaces in Ayrshire and on the Mull of Galloway show a gradual

sweep-round of the ice, so that both the Mull of Galloway itself and

the low grounds south and east of Loch Ryan were overridden.

Fragmentary shells are found in the Drift about Loch Ryan,

which is what might be expected if the ice out of the Clyde had

moved over the land ; and, finally, the copious dispersal of the very

characteristic Clyde rock, the eurite of Ailsa Craig, over the Irish

Sea, and especially in the Isle of Man and the North-east of Ireland,

proves that the movement was upon a large scale.

Tracing our chain of causation backward link by link, we may,

I think, enquire what caused the Clyde ice to attain such propor-

tions ; and we find here a clue in the signs which exist down the

whole of the eastern coast-line of the British Isles, from the Orkneys

to Norfolk, of the pressure of a great ice-sheet, the radiant point of

which was somewhere in the neighbourhood of the head of the Baltic.

The evidences of this pressure are too well known to need any
description here, but among its effects were not only a deflection of

our eastward-flowing ice into a northerly or southerly coastwise-

flow, but a general shifting of the Scottish line of ice-shedding

towards the eastward, so that erratics from the Eastern Highlands

were carried over the watershed and out to the west coast.

This effect was felt at the mouth of the Firth of Forth, and
though I cannot ascertain that any erratics have crossed the water-

shed into the Clyde, yet I do not think it can be doubted that, but

for the obstruction of the ice-sheet in the North Sea, a much larger

proportion of the Highland ice descending into the great Lowland
Valley of Scotland would have gone into the North Sea.

If this be granted, then it follows that the Scandinavian ice-

sheet was the direct cause of the excess of ice in the Clyde, which
by overflowing into the Irish Sea caused the reversal of the ice-flow

in the Vale of Eden, and the consequential descent of the Teesdale
Glacier to the sea at Teesmouth. It may be objected that the
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mouth of the Tees would itself have been closed by the ice-sheet in

the North Sea ; but 1 think that the impact of the Scandinavian ice

would have proceeded from north to south, and the Firth of Forth
(being 100 miles to the northward of the Tees) would have ex-

perienced its effects long before they reached the coast of Yorkshire.

The Teesdale Glacier must have continued to discharge into the

North Sea for a long period of time, for erratics of Shap Granite

are very numerous in the Drift of Yorkshire. Messrs. Muff &
Sheppard enumerated 89 of large size, all exposed at the same
time, on the foreshore of Robin Hood's Bay, in a distance of about
3 miles. How far to seaward the glacier made its way I am
unable to determine, though the ' Bough Ground/ regarded by
Carvill Lewis as its moraine, lies some miles from the coast (see

p. 496). I am equally unable to decide how far down the coast

it made its way when the ice-sheet deflected its flow to the

southward, and to what altitude it attained along the northern

front of the Cleveland Hills. The dispersal of its characteristic

erratics in horizontal and vertical extensions is of no assistance in

determining this point, as the dispersal may have been accomplished

—

and 1 believe it was—largely by the redistributing action of the later

ice-streams.

It might be thought that the high altitude attained by the Lower
Boulder- Clay mentioned in an earlier section would have been
decisive, as that division of the Drift contains Shap Granite, but I

have long felt that the classification of t-he Glacial deposits was in a

very unsatisfactory condition. I am far from being convinced

thai the 4 Lower Boulder-Clay ' of the high grounds is the same as

that of low levels, for I find a most marked difference between the

assemblage of erratics in the whole of the Drift observed by me at

high altitudes, and that recorded as characterizing Lower Boulder-

Clay at Whitby and Eobin Hood's Bay. Whereas at those two
localities the recorded erratics belong almost exclusively to the

western or Teesdale type, I have found a very remarkable deficiency

of Carboniferous rocks at high elevations ; while rocks of the

northern group (see p. 491), such as Cheviot porphyrites, greywackes,

sandstones, and the Koker Magnesian Limestone, are extremely

common both in the Boulder-Clay and the Gravel. Scandinavian

rocks are also occasionally to be found. My impression is that the

differences between the ' Upper Boulder-Clay ' and the ' Lower
Boulder-Clay ' are indicative more of local conditions than of age.

I have not succeeded in establishing any correlation of the lake-

phenomena with the period of prevalence of the Teesdale Glacier,

nor can I expect to do so, for the evidences of lakes formed during

the advance of the ice must in almost all cases be obliterated.

The second phase of the glaciation of Cleveland was the complete

diversion of the Tees ice into the Yale of York. This was brought

about by the growth of the Scandinavian ice-sheet, and the gradual

and progressive obstruction of the British coasts from the Forth

downward. Whether the Scandinavian ice ever directly impinged

upon this part of the coastline of Yorkshire or not, I will not
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venture to say ; but if it did, its sojourn must have been brief, and
the resolution of the conflicting pressures and movements in the

area to the northward soon brought in the third element, the

Scottish-Northumbrian ice, as a buffer.

The immense abundance of erratics of Cheviot volcanic rocks has

only within the last three or four years been fully recognized by
geologists in Yorkshire ; and I cannot think that their occurrence

can be ascribed to anything short of actual contact with the

Yorkshire uplands of ice which came by a fairly direct route from
the Cheviot Hills, and probably out of Tweeddale. These rocks

can be found at all altitudes, and while they are very common
on the coastline, they attain to a far greater prominence in the

deposits at high levels. These facts have been impressed most
strongly upon me during my work in Cleveland, and my friend

Mr. J. W. Stather, F.G.S., has found the same conditions to prevail

in Holderness and on the Chalk Wolds. The uppermost fringe of

the Drift contains a quite exceptional proportion of Cheviot rocks.

I have previously pointed out that, in the high-level deposits, Mag-
nesian Limestone of the type found on the coast of Durham is also

exceptionally abundant, while Carboniferous rocks are propor-

tionately rare. These facts are consistent with the view that the

Cheviot ice passed over the comparatively small outcrop of Carboni-

ferous rocks of Northumberland and out to sea ; then, describing a

great curve, re-invaded the land somewhere between the Tyne and
the Tees, bringing in stones, such as flints, from the bed of the

North Sea, and marine shells in a more or less smashed condition,

from the same source. Some of the boulders of basalt and dolerite

found in Yorkshire may, not improbably, have been derived from
Northumberland. The movement of the northern ice -stream down
the coast appears to have been very extensive and protracted, and it

may have extended even to Lincolnshire, where the characteristic

erratics are found as far south as Horncastle.

Inland, the extension of the Cheviot ice was, in my opinion, coin-

cident with the limit of a maximum glaciation from the Wykeham
moraine right round to Scarth Nick ; but if it reached to the very

edge of the Yale of York, I can see no reason why it should not

have even contributed its quota to the great glacier that descended

to York. This, however, is a topic which cannot be conveniently

discussed in the present communication, but must be reserved for

another paper in which I propose to deal specially with the Yale of

York.
The direction of movement seems to have been straight upon the

northern face of the Cleveland Hills, with a westerly component at

the western end, while at the seaward end an easterly direction was
imparted by the form of the ground, and especially by the North-

Sea depression. I am unable to indicate the position of the point

where the westerly passed into the more easterly movement

—

doubtless it would fluctuate incessantly throughout the whole
period of ice-occupation, as one or another of the component elements

of the ice-sheet waxed or waned.

Q.J.G. S. No. 231. 2q
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The striations on the coastal tract jrslj probably be referred to

this period ; and, as Mr. Stather points out in his description of the

Sands-End striae, they form a consistent series indicating a prac-

tically continuous route. The striae at Pioker may mark the emer-

gence of the ice from the sea-bed.

The recession of the Cheviot ice took place in a very singular

fashion. It appears to have withdrawn from the coastline in

regular order from south to north, as the Scandinavian and British

ice- sheets shrank back towards their sources ; and thus one after

another the British river-mouths were freed from obstruction and

resumed their normal drainage. But in this shrinkage one most

noteworthy irregularity is very clearly indicated. After the

almost complete disengagement of the ice from the mouth of

the Esk near Whitby, a great lobe still traversed the northern

watershed and reached the moraine near Lealholm. It must

have crossed the hills with a somewhat westerly tendency, in order

to have reached so far up the Valley of the Esk. To this stage

we may conceivably refer the abandonment of the Tranmire over-

flow, the reversal of drainage across the spur at Stanghow, and

the diversion of Boosbeck through the gorge at Slapewath. This

last diversion is interesting, as it throws an important light upon

the condition of the country to the westward. The ice-front must

have stood across the Boosbeck Valley until the Slapewath gorge

was lowered below the level of the Drift-barrier across Boosbeck,

that is to say, below 425 feet O.D. Erom this clue it is possible to

define some of the further course of the stream; and consequently

of the ice-front.

It will be remembered that the overflow-channel into Eskdale by

way of Kildale is at an altitude of 580 feet; therefore it is quite

certain that there must have been a line of drainage open into the

Vale of York. I infer from this that the Teesdale Glacier had

already withdrawn behind the Hagnesian-Limestone escarpment

of the Tees Valley.

The last trace of the Cheviot ice-stream to be found in Yorkshire

is perhaps the line of the Drift-hills which fringe the southern bank
of the Tees. I do not press this explanation, as I can still perceive

difficulties in the way of its acceptance ; at the same time, I can see

no other way of explaining the presence of this ridge of Drift and

the behaviour of the little River Wiske, which flows northward from

the Cleveland escarpment to within 1| miles of the Tees, then turns

southward and joins the Swale.

X. The Sea-Outlet op the Lakes.

One problem remains to be considered, the question of the route

by which the waters of Lake Pickering ultimately reached the sea.

There is twofold proof that, while yet the ice-sheet was standing

against the coast of Yorkshire as far as Elamborough Head, the outlet

of Lake Pickering had been cut down to 130 feet O.D. The moraine

across the seaward end has an altitude at its lowest point of only
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130 feet ; and unless the outlet had been lowered to some such

altitude, the Drift-barrier would have been surmounted by the

waters of the lake, and a new channel would have been rapidly cut,

leaving the actual Kirkham-Abbey gorge as one more example

of an abandoned channel. Testimony to the same effect is borne by
Forge Valley, which has very narrowly escaped the resumption

of its functions by the New Cut. The latter piece of evidence

indeed proves that the level of Lake Pickering must have fallen

well below this, for the fall of Forge Valley is considerable, and
if the head of the valley was at 135 feet the outlet into Lake
Pickering must have been much lower.

Lake Pickering in its turn fell into Lake Humber, an extra-

morainic lake held up in the great central valley of Yorkshire by
an ice-dam at each of its exits. The late Prof. Carvill Lewis,

to whom the idea of a glacier-dammed lake in this region is due,

represented its extension in a very diagrammatic fashion in his

maps, and showed no ice-barrier at the Wash, or even in such a

position as to close the mouth of the Humber, but in the accom-
panying letterpress he says explicitly, 4 The mouth of the Wash
would be similarly obstructed by the North-Sea Glacier.' x With
this conclusion I entirely concur. Not only is such a lake necessi-

tated by all the evidence regarding the extension of the ice, but the

floor-deposits are present over an enormous area. The fine laminated

mud, of identical character and appearance with that of the Cleve-

land lakes, is widely distributed down the Vale of York, and far

southward both in the Triassic valley and in the valley made by
the outcrop of the Middle and Upper Oolitic clays in Lincolnshire

;

but, so far as I am aware, there are no signs of beaches or deltas.

Some other examples of floor- deposits of great interest will

demand full consideration on another occasion, and for the present I

must restrict myself to the question of overflows. Carvill Lewis
boldly carried his rivers across whatever watersheds lay below the

supposititious level of his lakes, and showed these streams as broad
sounds 10 or 15 miles in breadth. My experience has convinced

me that waters of such volume, with such a fall as the positions

imply, would cut deep trenches of moderate breadth quite different

from those which he imagined. Moreover, a lake would only under
the rarest circumstances have two outlets operating simultaneously,

and these never at different elevations. Now, Carvill Lewis's Lake
Humber is depicted with four overflows at widely different levels.

I mention these matters in order to make clear the way for a more
satisfactory discussion of the problem, and not merely for the

purpose of controverting the views expressed by Carvill Lewis, to

whom I owe so much inspiration and encouragement in Glacial

geology.

In seeking an outlet for the waters of Lake Humber, I looked

—

as ' direct overflows ' across the Pennine range were forbidden
alike by the altitude of the passes and the ice-bound condition of

1
' Glacial Geology of Gt. Britain & Ireland ' 1894, p. 56.

2q2
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the western slopes—for traces of ' severed spurs ' near Derby, by
which overflows might have evaded the end of an ice-lobe that

deposited any of the sheets of Boulder-Clay described by Mr. Deeley, 1

but without result. Similarly, I failed to find any sign of an over-

flow from any part of the Trent Valley into the Severn drainage,

though there are boulders of Bed Chalk, a distinctive East-Coast

rock, in the Drift of the Severn Basin. I can, moreover, find no
definite traces of lakes in Yorkshire which could have drained at

such a high altitude into the affluents of the Severn—all the lake-

phenomena of Lake Humber lie below 200 feet O.D., and perhaps

much below.

Of low-level outlets two or three exist. The valleys of the Lea
and the Churwell would, I think, repay examination, as one or the

other, or even both, may have acted as lake-overflows ; but these

could not have carried off the waters of Lake Humber when, as in

its last stages, its level was little above 100 feet O.D. At this

altitude, when the Wash was closed, there would be but one channel

by which drainage could escape, namely, by the siugular valley

which cuts completely across Norfolk, and in the central marshy
portion of which, near Diss, the westward-flowing Little Ouse and
the eastward-flowing Waveney have their common source. The
Straits of Dover were, I think, not improbably brought into

existence by the discharge of the overflow-waters of our British

extra-morainic lakes, and a corresponding but much vaster series

lying outside the great ice-sheet across the continent of Europe, as

was long ago suggested by Belt.
2

In conclusion, I gladly add a few words of grateful acknowledg-

ment of the help and encouragement given on many occasions by
Mr. H. B. Muff, B.A., F.G.S., the Bev. J. H. Hawell, M.A., F.G.S.,

and Mr. J. W, Stather, F.G.S., who have been my companions in

many journeys, in fair weather and in foul, over the Cleveland

Hills ; as well as to Mr. Godfrey Bingley, Mr. Geoffrey Hastings,

Mr. Arthur Stather, and Dr. John Kirk for the beautiful photo-

graphs from which many of the illustrations accompanying this

paper are selected.

EXPLANATION OF PLATES XX-XXVIII.

Plate XX.

Fig. 1. View of Eller Beck and Fen Bogs from the north-west, showing the
' intake ' of the Newton Dale overflow-channel and the contrast

between the contours of the Eller-Beck and Newton-Dale valleys.

The watershed is at the sharp bend of the railway.

2. View looking up Eller Beck from the ' intake ' of Newton Dale.

Plate XXI,

Newton Dale at Fen Bogs, viewed from Eller Besk. The stream in the

foreground makes a sharp turn to the northward and leaves the great trench

untenanted.

1 Quart. Journ. Geol. Soc. vol. xlii (1886) p. 437.
2 Quart. Journ. Sci. vol. xiv (1877) pp. 67-90.
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Fig. 1.— View of''Utter Beclc and Fen Bogs from the north-west.

Fig. 2.— View looking up Eller Beclc from the intake of Newton Bale.
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[Both the above figures are reproduced from photographs by Dr. John L. Kirk.]
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Heliki'-map of the NuK'theux Cleveland Watehshed, between Danby Beacon and Kehbston Big

(Scale : slightly less than 2 inehes = 1 mile.;
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Fig. 1.— View of the ' Double? Hare Dale.

[The conical bill in the distance is Freeborough.]

Fig. 2.— View looking up Hole Skew, Hare Dale.

[Both the above figures are reproduced from photographs by Mr. Arthur Stather.]
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CONTOURED MAP OF THE COUNTRY BETWEEN HELLWATH AND ClOUGHTON.

[The shaded bond on the west from Hellwath Slack to West Symo indicates the approximate margin of the ice at, or near, its maximum extension.]
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Plate XXII.

Relief-map of the country between Fen Bogs and Egton Bridge, on the scale

of about 2 inches to the mile.

Plate XXIII.

Fig. 1. Series of sections across Ewe-Crag Slack, with details of the borings in

the flat floor of the valley.

2. Relief-map of Ewe-Crag Slack, indicating the positions of the trans-

verse sections*and the lines of borings shown in fig. I.

Plate XXIV.

Relief-map of the Northern Cleveland Watershed between Danby Beacon
and Kempston' Rigg, on the scale of about 2 inches to the mile. The south-
eastern edge of the map overlaps Pi. XXII, and the western edge joins fig. 15
(p. 520).

Plate XXV.

Fig. 1. View of the ' Double,' Hare Dale.
2. View looking up Hole Skew, Hare Dale. The flat floor of the valley is

perfectly dry.

Plate XXVI.

Relief-map of
k
the Robin Hood's-Bay area, on the scale of about 2 inches to

the mile.

Plate XXVII.

Contoured map of the country between Hellwath and Cloughton, on the
scale of about 2 inches to the mile. The shaded band on the west, from Hell-
wath Slack to West Syme, indicates the approximate margin of the ice at, or
near, its maximum extension.

Plate XXVIII.

General map of the glaciers and glacier-lakes of the Cleveland area, at the

period of maximum extension of the ice, on the scale of 2 miles to the inch.

The area covered by ice is left unshaded ; the lakes are indicated by mar*
ginal shading ; and the area occupied neither by ice nor by lakes is crossed-

hatched, to show the relief of the land. The edge of the ice is indicated by a
heavy black line. Broken lines are used upon the south and west, as the

marginal phenomena have not yet been studied. Contours, as throughout,

in feet.

Discussion.

Mr. Bauerman said that he desired to thank the Author for

bringing before them a close and detailed study of the superficial

geology of a district which was comparatively little known. He
also commented upon the skilful way in which the cartographical

evidence had been arranged.

Mr. Clement Reid said that, speaking from his remembrance of

the Cleveland district, he was quite prepared to accept the Author's

main conclusions. When surveying part of the Esk Valley he was
much puzzled to account for the laminated clays referred to by the
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Author. The clays were obviously of lacustrine origin, but were
entirely unfossiliferous, and no corresponding shore-lines could be
discovered. Unfortunately, the necessity for detailed mapping had
led to the area being so divided that no one officer of the Geological

Survey had had an opportunity of examining both the lacustrine

deposits and the deserted outlet of this lake. He heartily con-

gratulated the Author on a most valuable piece of work.
Mr. J. E. Clark remarked that the fact that many perplexing

points were made clear by this suggestive paper, made him very

ready to fall in with the views contained in it. As to raised

beaches, did they occur to any extent in now existing glacier-

lakes? Their rapid fluctuation in level made it seem prima
facie unlikely. The fact that the ice-fringe fell just short of the

northern end of Forge Valley was botanically interesting, as that

was, possibly, the only habitat of the May lily in England, an

abundant species in Scandinavia.

Mr. Harmer offered his warmest congratulations to the Author.

The paper that he had just read was of great importance, and would
be of service not only to glacialists working in the hills, but to those

of the lower districts also. The way in which the surface of East

Anglia had acquired its present form, for example, had always been

difficult to explain. The whole region is intersected by valleys,

great and small, out of all proportion, both in number and size, to

its extent, or to the streams which run, or ever could have run, in

them. On such questions the Author's paper threw much light

;

and it would mark, he believed, a new departure in the study of

Glacial geology.

Mr. A. E. Salter said that he was glad to find that glacial geo-

logists were making more use of contoured maps. He regarded the

area under consideration as of the same type as that lying between

the Chalk and Oolitic escarpments of Central England, and thought

that many of the interesting and complicated phenomena described

by the Author could be better explained by regarding the area as

being made up of 'cuestas'of Cretaceous and Oolitic strata, separated

by lower ground. By the cutting-back of the two escarpments, the

subsequent stream-valleys would be truncated, and a system of

obsequent valleys formed, which would give rise to the gravel and
other so-called ' Glacial ' deposits referred to.

Mr. Barrow congratulated the Author on this paper. Having
surveyed the area about Robin Hood's Bay many years ago, he

recognized at once that the Author's ideas furnished a perfect key

to the mode of formation of the narrow dry valleys that constitute

so striking a feature of the watershed west of that area.

The Rev. John Hawell said that he had accompanied the Author

in very many of his excursions in the Cleveland district ; he had
wandered with him through, his ' dry valleys,'* and assisted him in

his boring operations. However convincing the Author's excellent

presentation of his conclusions and the evidence on which they were

based had been, the evidence in the field was still more strikingly

so. He had, himself, resided in the district for the last 22 years,
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and during nearly the whole of that time had paid special attention

to its Glacial geology ; but very many of the problems which pre-

sented themselves were insoluble, until the Author came down and
threw a flood of light upon them. He regarded the reading of this

paper as marking an extremely important advance in our knowledge
of Glacial geology.

The Author thanked the speakers for the terms in which they

had spoken of his communication ; he was particularly glad to have
the general approval of Mr. Eeid and Mr. Barrow for the views

contained in it. With the latter he most fully agreed, as he had
himself worked upon the Glacial phenomena of the district for many
years without obtaining any enlightenment, before he discovered the

clue to their interpretation.

In reply to Mr. Salter, he said that he had exercised the utmost
caution in dealing with dry ravines in limestone-rocks, and admitted

their glacial origin only in the most patent cases : very few were
mentioned in the paper. He dissented entirely from the view that

the gorges which he had described were due, as suggested, to

protracted denudation of limestone-rocks : they bore every indication

of extremely rapid denudation.

He wished strongly to emphasize his indebtedness to the admir-
able Drift-mapping of the Geological Survey, which had been
confirmed by his own investigations in a remarkable way.
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30. T%6 Glaciation 0/ Teesdale, Weardale, and the Tyne Yalley,

and their Tributary Valleys. By Arthur Eichard Dwerry-

house, Esq., B.Sc, F.Gr.S., Assistant-Lecturer in Geology at

the Yorkshire College, Leeds. (Bead January 8th, 1902.)

[Plates XXIX & XXX—Maps.]
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I. Intkoduction.

My attention was first called to this District by reading the

admirable paper by Mr. J. G. Goodchild on the distribution of the

boulders of Snap Granite over the moors in the neighbourhood of

the Yale of Eden. 1 In this paper, Mr. Goodchild describes the

track taken by the ice which carried the boulders of Shap Granite

across the Yalley of the Eden, and traces these boulders past Brough-
under-Stainmoor to the summit of the Pennine Escarpment, at the

head of Lunedale, Balderdale, and Deepdale. Here Mr. Goodchild

leaves us, but the rocks have been traced by Prof. Lebour and
other observers, down the lower part of Teesdale and out into

the North Sea, and also down the Central Yalley of Yorkshire as

far as the city of York.

In the present communication it is my intention to deal with the

.distribution of the ice in Upper Teesdale, Weardale, and the Yalley of

the Tyne, and their tributary valleys, and to discuss certain features

produced during the retreat of the ice.

1
' Glacial Phenomena of the Eden Yalley & the Western Part of the

Yorkshire-Dale District ' Quart. Journ. Geol. Soc. vol. xxxi (1875) p. 55.
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II. Teesdale.

(1) Topography and Structure.

In order that the details which follow may be better understood,

I purpose first to describe briefly the form and the solid geology of

the district.

The Tees rises on the eastern side of Cross Fell, and receives

several tributaries from the surrounding hills. The upper part of

the valley has a low gradient, especially in the region immediately

above the waterfall of Cauldron Snout. The upper end is enclosed

by a semicircle of hills, which are mostly over 2000 feet in height,

some of them being over 2500 feet. These hills, commencing at the

southern end, are Meldon (2403 feet), Knock Pell (2604 feet), Cross

Fell (2930 feet), Rake End (2283 feet), and Calvert End (2196
feet).

About 2 miles from its source the Tees receives several tributaries

from the semicircle of hills already mentioned ; but the first

important stream which falls in, is on the right bank and is

known as Troutbeck.
About a mile farther down Crookburn Beck comes in on the

opposite bank, and the Tees enters on a stretch of level country

through which it winds in a long expanse of still deep water known

Fig. 1.

—

Section across the Wed.

[Vertical scale= twice the horizontal.]

as The We el. Fig. 1 is a section of this part of the Dale. At
the bottom of The Weel the river plunges over a cliff of basalt,

forming the picturesque waterfall of Cauldron Snout.

Immediately below Cauldron Snout, the Tees receives one of its

most important tributaries, Maize Beck.
This rises on the very summit of the
Pennine Escarpment, in Great Eundale
Tarn, on Dufton Fell; it flows down the
dip-slope, and receives several smaller
streams from the east, and at a lower
level from both banks.

Fig. 2.

—

Section across

Cronkley Gorge.

[Vertical scale = twice

the horizontal.]

After receiving Maize Beck the Tees
runs through a narrow gorge between
almost vertical cliffs of basalt (fig. 2), and

emerges opposite Widdybank Farm. So soon as it reaches the open
ground, the river is largely augmented by the waters of Harwood
Beck, with its tributary Langdon Beck. Harwood Beck rises very
near to Crookburn Beck in the peat-bogs of Yad Moss, but flows on
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the opposite side of Herdship Pell. Langdon Beck, the only important
tributary of Harwood Beck, rises on the high ground between
Teesdale and Weardale, in the neighbourhood of Ireshope Moor.

Below the junction of Harwood Beck the Tees is again confined

by the basalt-rocks of the Whin Sill (which has been let down by a
fault), and emerges to plunge over the edge of that Sill at High
Force (l). 1

Below this point Teesdale is much more open, but the river has
a very steep fall. The western side of this section of the Dale is

bounded by the precipitous escarpment of the Whin Sill, and the

eastern side is also steep (fig. 3).

Fig. 3.

—

Section through Newbigg\n (Teesdale).

[Vertical scale= twice the horizontal.]

Several small streams join the Tees on both banks between High
Force and Middleton-in-Teesdale, and about a mile below that

town the River Lune comes in. At Middleton-in-Teesdale itself,

Hudeshope Beck joins the Tees. It rises on Outberry Plain (2144
feet) and flows in a deep valley nearly parallel to Teesdale. Farther

east, and rising near the same point is Great Eggleshope Beck,

running in a deep V-shaped valley.

This beck, by its junction with Little Eggleshope Beck, forms a

stream known as East Skears, which flows into the Tees near the

village of Eggleston. This is the last important tributary on the

left bank of the Tees, until Barnard Castle is reached.

The greater part of the surface of Upper Teesdale is formed of

the limestones, shales, and sandstones of the Carboniferous Series,

with their accompanying sheets of basalt. The basaltic rocks form
most of the salient features in the scenery of the Dale, especially in

that portion which lies between Cauldron Snout and High Force.

At the foot of Cronkley Scar (3), according to the Geological

Survey, there occurs a patch of Skiddaw Slates and Borrowdale
volcanic rocks, brought in by the disturbance known as the

Burtree-Ford Dyke. Doubts are sometimes expressed as to the

existence of the Borrowdale Rocks in this part of the Dale, and
some observers are of opinion that the so-called 'Skiddaw Slates' are

Carboniferous shales which have been altered by contact with some
mica-trap dykes which penetrate them. I was unable to see any
Borrowdale Bocks in situ, as the part of the Dale where they are

mapped is very much obscured by Glacial Drift and by talus from

1 This and subsequent numerals in parentheses refer to the map, PL XXX.
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the basalt-cliffs. Judging, however, by the distribution and large

size of the boulders of andesite, etc. which occur in the neighbour-

hood, I see every reason for accepting the Survey reading.

As the number of easily identifiable rocks in the Dale is small, it

becomes necessary to trust largely to the nature and distribution of

the Drift, and to physical features, in order to determine the direc-

tion of flow of the ice. There is a large number of metalliferous

veins in the Carboniferous rocks, but as none of them possess any
very distinctive characters they are not of much use in this

investigation.

(2) The Glacial Deposits.

There are four distinct types of Drift in the area :—

(a) A sandy reddish or brownish clay, with a large number of well-scratched

stones.

(b) A black loamy or peaty clay.

(c) A coarse gravelly deposit, with many waterworn and a few scratched

stones.

(c7) A stiff blue Boulder-Clay.

(a) The red clay with scratched stones is by far the most
widely distributed of these four varieties. It usually occurs

in more or less elongated ridges, somewhat after the form of

drumlins. It is for the most part • confined to the main
valleys, and is the direct product of ice-action on the rocks

of the upper part of the Dale.

(b) The black loamy clay contains very few scratched stones,

and is found only in some of the small tributary valleys, at

considerable altitudes above the floor of the main valley.

This type of deposit is characteristic of such parts of the

district as can be shown, from other considerations, to

have been occupied by ice-dammed lakes during some part

at least of the Glacial Period.

(c) The coarse gravelly material with waterworn stones

occurs in long esker-like ridges, which run parallel to the

trend of the main valleys. It is particularly plentiful in the

country formerly occupied by the Stainmoor Glacier, and can
be well seen in parts of Limed ale.

(cZ) The dark-blue Boulder-Clay takes the place of the red

deposit in Upper Teesdale, where the Driftwas mostly derived

from Carboniferous rocks.

The Drift of Teesdale and its main tributary dales (as, for example,
Harwood Beck) is arranged for the most part in ridges which are

approximately parallel to the sides of the valleys. Those ridges

which occur in the bottoms of the valleys are rounded and are

of sub-glacial origin—they are, in fact, drumlins.
The ridges lying nearer to the sides of the valleys are more

irregular in form, and follow closely the curves of the sides of the

valley. These appear to be the lateral moraines of the glaciers,

formed at a time towards the close of the glaciation when the
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quantity of ice had considerably diminished. They do not form
the limit of the Drift, but are seen to be followed by a more evenly

distributed sheet of Drift which extends considerably higher on the

hillsides, and was evidently produced at the period of maximum
glaciation.

The following is a description of these ridges, both as regards

their distribution and probable origin, commencing at the source of

the Tees.

As already stated, the Tees rises in the neighbourhood of Cross

Pell, and receives several tributaries from the semicircle of hills

forming part of the Cross Pell Group. The headwaters of the Tees,

together with these upper tributaries, occupy a basin-shaped hollow,

the bottom of which is covered with mounds of Drift containing

only such rocks as occur in situ in this part of the Dale, namely :

—

Carboniferous Limestone and shales, sandstones and grits from
the Limestone Series, and from the Millstone Grit, which forms

the summits of several of the higher hills.

I have not been able to find any basalt in the Drift of this part

of the Dale, above the point where Troutbeck enters the Tees ; but

14 miles below that junction basalt occurs in situ in the bed of

the river, and from this point onward it is a characteristic of the

Drift.

The sheet of Drift-material, which has been already mentioned as

extending beyond the lateral moraines of the lower part of the

valley, can also be seen in this upper portion, and at the head of the

l^iver it extends up to a height of 2000 feet above sea-level.

From Troutbeck to Cauldron Snout there is not very much Drift

exposed, the ground being thickly covered with peat. Here and
there, however, mounds of Drift appear through the peaty covering,

and Drift can also be seen in the beds of the tributary streams,

again underlying the peat. The Drift is of the same general type

as that higher up the stream, except that it contains a large

quantity of basalt.

On the western side of Herdship Fell the Drift extends up to

the 1900-foot contour-line, and completely covers the col at Cow
Green (4), between Herdship Fell and Widdybank Fell (5), being

thus continuous with the Drift of Harwood Beck.

There is little Drift on the east side of the river at Cauldron

Snout, the rocks being very precipitous ; but on the western bank
there are several large mounds. Immediately below Cauldron Snout
the Tees receives Maize Beck, and then enters the gorge between
Widdybank Fell and Cronkley Scar. Here the Drift becomes

decidedly more morainic in character, consisting largely of angular

and subangular blocks of basalt and limestone. It is sometimes

difficult to distinguish between the true Glacial deposits and the

post-Glacial talus, in this part of the valley.

On the summits of both Widdybank Fell and Cronkley Scar can

be seen a number of boulders of basalt, resting on the surface of a

saccharoidal limestone which is both higher in the series than the
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Whin Sill and is at a higher elevation. The summit of Cronkley

Scar is strongly mo u ton nee; but I was unable to find any actual

stria?, as the rocks have long been exposed to the action of the

weather.

In the bottom of the gorge several well-developed lateral moraines

occur ; and as these reach the open valley below, they sweep round

the foot of Cronkley Scar and spread out over Cronkley Pastures,

between the Scar and the river. Near this point is a small lake,

Tarn Dub, which is held up by one of these moraine-ridges, and
there are also several small peat-bogs entangled among them.

Before proceeding to describe the deposits in the lower parts of

the valley, it will be convenient to discuss those of Harwood Beck
and its tributary Langdon Beck, together with those at the junction

of Harwood Beck with the Tees.

On Yad Moss, near the source of Harwood Beck (1990 feet), there

is a thin covering of Drift with a considerable thickness of peat on
the top. Above Greencombe Sike the Drift becomes thicker, and
much more moundy in appearance. At a point near the junction

of Greencombe Sike with Harwood Beck is a large mound of bluish

Boulder-Clay, which has been cut into by the river, so as to expose

a clear section ; it contains boulders of Carboniferous Limestone and
sandstone, also pieces of shale and grit, but no basalt-boulders.

Comber Hill (8) consists of similar material, basalt being again

absent. The country lying between Comber Hill and St. Jude's

Church is covered by similar Drift, lying rather more evenly over

the land than is the case nearer the bead of the valley. At St. Jude's

Church are several well-formed Drift-hills of typical contour.

Pig. 4 is a section across the valley, as seen in the beds of

Fig. 4.

—

-Section across the valley of Harwood Beck
(Upper Teesdale).

Sevendarg Sike and another small stream not named on the
Ordnance Survey-maps. This is the only case in Upper
Teesdale where the Drift is terminated by a moraine
usually it thins out gradually against the slopes of the hills. This
moraine is at a height of 1750 feet, and holds up a peat-bog of con-
siderable dimensions against the hillside.

Lower down Sevendarg Sike other ridges are to be seen running
parallel to that last described ; and at a height of 1500 feet another
peat-bog is seen resting between two ridges of Drift.
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Rowantree E-igg is a hill consisting, so far as can be seen, of a
gravelly clay with boulders.

The farms of Gill Town, Unthank, and Peghorn Lodge are situated

on a plateau of Drift, which terminates on Harwood Beck in a line

of cliffs. From sections in these cliffs, the plateau is seen to consist

chiefly of a hard blue Boulder-Clay, which becomes more sandy in

its upper part. The Drift-plateau is continued upward on the
sides of the valley by mounds of Drift of a more morainic character.

A clear section of this is to be seen in Easter Sike, opposite Bink
House (10), at a height of 1500 feet; it consists of blue Boulder-
Clay, with many stones both large and small. The boulders consist

principally of sandstone, limestone, and shale, and are for the most
part angular, but some of them are subangular and striated. Basalt

appears still to be absent. Upwards of 20 feet of Drift is exposed
in this section, but the bottom is not seen. There is no lateral

moraine at this point.

Easter Sike rises in a peat-bog known as Sour Mere, which is

confined between the edge of the Drift and the side of Touting Hill,

at a height of about 1700 feet. The peat has grown to such an extent

that it overlaps the clay in some parts.

At Coarse-Foot Hill (11) a dyke of basalt cuts across Harwood
Beck, and below this point basalt forms a conspicuous constituent of

the Drift.

At or about Peghorn Lodge (12) is the point where the Drift of

Harwood Beck unites with that of Cow Green. Coarse-Foot Hill,

Seavy Hill, and several others close by consist of blue Boulder-Clay,

with boulders of limestone, shale, and basalt, many of them being

striated.

The valley of Langdon Beck is covered with Drift similar in

character to that of the main valley, but containing only Carboni-

ferous rocks such as may be found in situ in the valley itself.

The surface of the Drift is deeply channelled by streams, but the

mounds are not so well marked as in the larger valleys. The
lower end of the valley is closed, or nearly so, by a ridge of Drift,

a lateral moraine of the Harwood-Beck Glacier, and the stream

has had to cut its way through the solid Carboniferous rocks at

Valence Lodge.

The Parsonage (13) at Langdon Beck stands on a hill of Drift,

consisting, so far as can be seen, of a gravelly clay.

Cocklake Rigg and Widdybank Pastures (14) are occupied by long

and somewhat curved ridges of gravelly Drift, sometimes accom-

panied by stiff Boulder-Clay. On Cocklake Bigg the ridges

run in an approximately east-and-west direction, but as they

are traced into the lower ground of Widdybank Pastures, they

gradually curve round towards the south, until at Loom Sike they

are running from north-west to south-east.

At Whey-Sike House this set of mounds is joined by another set

running almost due east and west, being a continuation of the series

at Widdybank Farm. From this point onward there were no more
tributary glaciers until the junction with the western or Irish-Sea

ice, below the town of Middleton-in-Teesdale.
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How Hill (16) is a mound of stiff bluish Boulder-Clay, capped by
more gravelly material. It has been cut into by the river, and shows

a section 75 feet in height, containing the following boulders :

—

basalt, limestone, shale, brown sandstone, red sandstone, and ande-

site of the Borrowdale Series. The first boulders of Borrowdale

Rocks occur in the bed of the Tees immediately below the point

where these rocks are marked on the Geological Survey map ; that

is to say, opposite Widdybank Farm, a most careful search above

that point having failed to reveal a single pebble.

Dine-Holm Scar (17) and Yeart Hill, which consist of basalt,

have practically no Drift upon them, but there are a few boulders

which have been carried from points higher up the valley.

Bound High Force (1) there is very little Drift, but on the east

side of the Dale, behind the High-Force Hotel, a series of long

mounds run parallel to the main road. One of these mounds skirts

the road from the Hotel to Ettersgill Bridge (13). Below this point

Teesdale is a valley within a valley, as the contour-section in fig. 3

(p. 574) will make clear. The inner valley contains a number of

long ridges of somewhat gravelly Drift, ranged with their long axes

approximately parallel to the river, and all showing the characteristic

outlines of the drumlin. There are many large boulders in and near

the river, but these are without exception such as could be derived

from rocks which occur in the upper part of the Dale.

On the top of the basalt-cliffs on the right bank of the river there

is very little Drift ; but on the slopes of Green Fell above these

cliffs, it is again met with in considerable quantity. As in the upper

part of the Dale, the sheet of Drift thins out gradually against the

side of the fell.

At Green-Fell End the Drift extends up to the 1750-foot contour-

line, but above Crossthwaite Common it terminates at about 1500
feet. In the stream immediately south of the house at East

Crossthwaite (20) are several good sections of the Drift, which
consists of a dirty yellow gravel with many boulders, principally of

basalt, some of them being beautifully striated. At a height of

775 feet there are boulders of Carboniferous Limestone, sandstone,

and shale, also some masses of a stiff blue clay which appear to

have been transported bodily. There are no stones foreign to the

Dale. Farther up the same stream, at a height of 825 feet, in the

cutting of the quarry-railway (not shown in the Ordnance-Survey
maps), is some gravel of a similar nature with similar boulders,

including a very well striated boulder of basalt. The surface of the

hill in this part is covered with mounds of Drift, which all trend

parallel to the valley, and appear to form a lateral moraine, though
they do not limit the Drift.

On the Durham side of the river the country is thickly covered

with Boulder-Clay.

In Hudeshope Beck, at the back of Middleton, the stream is cutting

deeply into soft black Carboniferous shales, which are capped

by a great thickness of Boulder-Clay on the right bank of the

stream. This thick sheet of Drift extends over the side of the hill at
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Tinklers Allotment (21), 1250 to 1500 feet ; but on Hardberry Hill

(22), at a height of 1742 feet, there is very little, if any, Drift. On
the east side of the stream, at the limestone-quarry, there is about
20 feet of Drift above the limestone. The boulders in Hudeshope
Beck include limestones, shales, and sandstones from the Carboni-

ferous Series, basalt, Millstone Grit, and green andesites of the

Borrowdale Series.

The andesites appear to be entirely confined to the
eastern side of the Dale, where they are fairly
plentiful.

The valley of Great Eggleshope Beck is in its upper part (above

the lead-works) apparently free from Drift. But at the junction

of the stream with Little Eggleshope Beck there is an enormous
accumulation of bluish Boulder-Clay containing many boulders,

both large and small, of the following rocks :— andesite (Borrow-

dale Series), Carboniferous Limestone, Millstone Grit, Carboniferous

sandstone, and basalt (Whin Sill). Many of these boulders are

striated. This sheet of Drift extends up both becks. In the case

of Great Eggleshope Beck there is no great thickness, and it dis-

appears entirely before reaching the lead-works.

In the valley of Little Eggleshope Beck there is more Drift, and it

extends up to a point 1| miles above the junction of the streams. In

the upper part of this valley, in the neighbourhood of the California

Lead-Mine, the Drift is represented only by a few scattered

pebbles of Whin Sill (which does not occur in situ in the valley).

The thick mass of Drift extends from the junction of the streams

continuously across Cowlake (23), 1114 feet, and ends in the cliff

overhanging the Tees, in the neighbourhood of Stotley Hall. In a

southerly direction it extends to, and is continuous with, similar

Drift in the valley of Blackton Beck. The surface of the Drift is

undulating, its elevation varying from 1100 to 1250 feet above O.D.

In Blackton Beck the Drift runs up to Blackton Head, and is

connected by scattered boulders with that of Spurlswood Beck and

Rowley Beck, both in the Wear drainage-basin.

There are patches of Boulder-Clay containing Teesdale rocks on

various parts of Woodland Fell (24) and Langleydale Common (25).

It is now necessary to consider the Drift of that part of the area

which was invaded by the ice from Edenside. Here we at once

meet with a type of material which is entirely different from that

of any other part of the district.

So far, the Drift described has been principally derived from

Carboniferous rocks ; but in Lunedale and Balderdale the deposits

are distinctly red, owing to material derived from the Trias and

Permian of the Yale of Eden. As Mr. Goodchild has shown, the

Drift bearing Shap Granite and Triassic material can be traced

to the summit of the upper Pass of Stainmoor, and this Drift is

found over the whole of the country between Lunedale on the

north and the Greta on the south.

At the head of Lunedale there is very little Drift, the slope of
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the ground being very steep ; but, so soon as the county-boundary

is crossed, enormous ridges of red and somewhat gravelly clay are

seen. These ridges run parallel to the valley, are much longer in

proportion to their breadth than those of Teesdale, and are much
more esker-like. Pasture Rigg (2Q) and Gross Hill are two of

these ridges, and there are many others like them all the way
down the valley ; in fact, the valley-floor is covered with them.

In the bed of the stream at Grains-o'-th'-Beck Bridge (28) a

number of boulders of ' Brockram ' occur, also many fragments of

bright-red sandstone of Permian or Triassic origin. These are at a

height of 1173 feet above Ordnance-datum, and are therefore con-

siderably above the highest outcrop of the parent-rocks.

At Lunehead Moss (29) the Drift is distributed in a much more
uniform manner, conspicuous ridges being absent, such relief as

does occur being attributable to post-Glacial erosion, which on these

steep slopes has been severe. The deposits are bluish-black in

colour, and contain some carbonaceous matter. Similar deposits

occur in Arngill Beck, Hargill Beck, and Wemmergill Beck. In

these deposits striated boulders are much less common than in those

of the main valley.

At Bigg House, about half-a-mile west of Wemmergill, long

mounds of gravelly Drift with rocks from Edenside occur
; while on

the hillside above this is a sheet of similar material, which
graduallj* thins out against the slope of Cocklake Side (30).

Smithy Holm (31) consists of a plateau of red Boulder-Clay,

packed with Triassic material, and containing many scratched

stones. It ends against the River Lune in a steep scarp, where a

good section is to be seen, and thins out against the ' solid rocks
'

of the hill.

Bink-House Bank is a similar mound, and consists of similar

material.

Xear Grassholm Bridge (32), slightly up-stream and on the right

bank of the Lune. is a high cliff of Boulder-Clay, the edge of a

Drift-plateau partly cut away by the river. The clay is tough
and red, and contains a large quantity of Permo-Triassic material,

together with boulders of local rocks, many of which are striated.

The lower part of Lunedale is covered by long parallel ridges

of Drift. These ridges run approximately east and west in Lune-
dale ; but, as they approach Teesdale, they curve round and run in

a south-easterly direction, becoming continuous with the Drift of

that valley.

(3) Glacial Strise, etc.

Nearly all the striae in this district are on the basalt of the Whin
Sill. Considering the severity of the glaciation, and the abundance
of hard rocks which are present in the Dale, the number of instances

of striated surfaces is extremely small. This is, in all probability,

to be accounted for by the very exposed nature of the country.

Although striated surfaces are few, the rocks have nevertheless

Q.J.G. S. No. 231. 2b
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retained a characteristically glaciated outline in many parts of the

district, roches moutonnees being abundant.

The following is a list of the striated surfaces which I have
observed in the district, with the mean direction of the striations :

—

1. Surface of basalt, at the junction of Green Burn with the Tees (1663
feet). S. 55° to 87° E.' (33).

2. Surface of basalt, in Bothermeer Sike (1625 feet). S. 75° to 88° E. (34).

3. Surface of Carboniferous Limesfone, in Sand Sike (1500 feet).

E. 18° N. (35).

4. Surface of basalt, at Crag Nook (1500 feet). S. 30° E. (36).

5. Surface of basalt, in Harwood Beck, opposite Peghorn Lodge (1300 feet).

S. 67° E.

6. Surface of basalt, in the bed of the Tees, opposite Cronkley Green
(1200 feet). S. 60° E.

7. Several surfaces of basalt, at Dufton Moss, Forest (1200 feet). S. 65° E.,

S. 80° E., S. 63° E., S. 68° E. (37).

8. Two surfaces of basalt, at Holwick Head (1100 feet). S. 57° E., and
S. 68° E. (38).

9. Surface of basalt, at Kotton Rigg (1150 feet). S. 63° E. (39).

10. Surface of Millstone Grit, half-a-mile north of Hollingside Wood.
E. 3° to 5° S. (40).

11. Surface of Coal-Measure sandstone, a quarter of a mile north-west of

Hawkslej-Hill House. N. 60° E. (41).

12. Surface of Coal-Measure sandstone, on Roger Moor (1000 feet).

N. 75° E. (42).

13. Surface of Coal-Measure sandstone, at Stainton. N. 75° to 80° E. (43).

The foregoing directions have been corrected for magnetic de-

clination.

(4) Boundaries of the Ice at the Period of Maximum
Glaciation.

The glacier which rilled the upper part of Teesdale during the

Glacial Period took its rise in the semicircle of hills at the head

of the Dale, at an elevation of about 2000 feet above the present

level of the sea. The ice flowing from this reservoir of neve soon

divided into three branches. The main branch flowed down Tees-

dale. The next in magnitude found its way across a part of Yad
Moss and down the Harwood Valley, eventually joining the ice

which flowed down Teesdale proper near the point where the

Tees now receives the waters of Harwood Beck. The third branch

flowed down the Valley of the South Tyne towards Alston, the

further course of this branch being described in § IV, p. 601.

That ice flowed down the upper part of the Valley of the Tees is

proved by the occurrence of glacial striae at the junction of Green

Burn Avith the Tees. These striae will be seen, on reference to

PI. XXX, to point down and slightly towards the left bank of the

river. The next set of stria? which occur in this part of the valley

are in the bed of Bothermeer Sike, and point almost directly across

the course of the river, towards its left bank.

When the glacier reached the narrow part of the valley below

Cauldron Snout, the gorge being too small to take the whole flow,

the ice became ponded-up to such an extent that it overflowed the
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col at Com- Green (4), and so joined the ice of Harwood Beck, and
eventually that which went by the more circuitous route of the

present Valley of the Tees. The direction taken by this stream is

marked by the stride at Botherraeer Sike, already mentioned, and
by those at Sand Sike and Crag Nook, also by the direction of the

axes of the Drift-hills on Widdybank Pastures (14), p. 578.

The Harwood-Beck ice flowed down the valley to its junction

with Langdon Beck, where it became confluent with the ice from
Cow Green. (See stria? at Peghorn Lodge, p. 582.)

That a large portion of the ice came through the gorge below
Cronkley Scar is shown by the fact that large numbers of boulders

of the Borrowdale volcanic rocks (which occur in situ in the gorge)

are to be found widely distributed in the Glacial Drift lower down
the river ; while they are entirely absent from similar deposits in

that part of the valley which is above the point where they occur

in situ.

Although the main flow of the ice was probably through these

two paths (namely, Cronkley Gorge and Cow Green), nevertheless

some appears to have passed not only over AViddybank Fell, but

also over the summit of Cronkley Scar and Thistle Green (1793 feet).

That these fells were overridden at the period of maximum glacia-

tion is shown by the occurrence of boulders of basalt, which have

been carried up on to the surface of an overlying bed of limestone,

as already mentioned (p. 576).

So far as I have been able to ascertain, there does not appear to

have been any glacier in the valley of Maize Beck, as the Drift which
occurs there is of an entirely different type from that of the main
valley, the materials being of extremely local origin. One notes

also a general absence of scratched stones and striated surfaces,

although the conditions there are quite as favourable for their

preservation as in any other part of the valley-system.

The Drift is of a type similar to that which occurs in some of

the smaller tributary valleys which can be shown to have been

occupied by lakes during the period under consideration, and to

these I shall refer later (p. 585).

After the reunion of the three streams of ice at Cronkley Green,

the whole glacier swept down the Valley of the Tees, rilling not

only the narrow valley below the basalt- cliffs, but also a great part

of the wide outer valley. A short distance below Middleton-in-

Teesdale (the exact line cannot be determined, owing to minor

oscillations which have occurred), the Teesdale ice became confluent

with that which flowed from Edenside.

The ice from Edenside, by way of Lunedale and Balderdale.

owing to its steeper fall, thrust the ice of Teesdale over on to the

Durham side of the valley. Thus the Triassic material and the Shap
Granite are confined to the right bank of the River Tees for some
distance from the line of union of the Edeiiside and Teesdale

Glaciers, while the rocks from Teesdale proper are to be found

plentifully on the slopes of the left bank. At the same time,

the high ground between Lunedale and Balderdale was entirely

2e2
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buried beneath the great sheet of ice pressing over from Edenside,

though a large part of Mickle Pell (44) and Green Fell were free

from ice. The effect of this pressure is well seen in the case of

the valleys of Great and Little Eggleshope Becks. Here the ice

was forced for some distance up-stream and stood against the

shoulder of Middle End (45), which separates the two valleys at a

height of 1250 feet, in such a manner as to block the mouths of

both of them.

In the case of the Blackton-Beck Valley, the Teesdale ice was
forced over the watershed into the Wear-Valley drainage, and to

the south of Langleydale Common (25) the country was completely

overridden, as shown by the striae at Holiingside Wood, Hawksley
Hill, and Roger Moor, and by the occurrence of a large boulder of

Shap Granite near the village of Lynsack (p. 592).

The following are some of the levels of the ice in different parts

of the valley-system at the period of maximum glaciation :

—

At the head of Teesdale the ice appears to have stood at about

2000 feet above sea-level ; while on Herdship Fell, between Tees-

dale and Harwood Beck, which was a nunatak, it stood a little

lower.

At Green-Fell End the ice stood at the 1750-foot contour-line,

and at Harter Fell (46), where it became confluent with the Lune-
dale ice, its level was about 1500 feet.

This gives a total fall of 500 feet in a distance of about 15 miles,

or a surface-gradient of 33 feet per mile.

At the head of Lunedale the ice stood at a level of 2000 feet,

and fell to 1500 feet at Harter Fell, where it joined the Teesdale

Glacier, giving a fall of 500 feet in 9 miles, or 55 feet per mile.

The foregoing heights are obtained from that of the upper limit

of the Drift, and therefore refer to the edges of the glaciers. The
central parts of the glaciers would doubtless be somewhat higher

—

how much higher it is impossible to ascertain.

(5) Glacial Lakes and Drainage-Channels.

It will have been seen from the foregoing observations that, even

at the period of maximum glaciation, the highest parts of the

district were not covered with ice.

These more elevated parts of the country appear to have been

comparatively free from snow, at all events in the summer-time,
inasmuch as traces of the existence of lakes and of copious streams

of water are to be found in several parts of the area. The largest

of these lakes occupied the valley of Maize Beck, and appears to have

had its overflow at the head of Hilton Gill (47), or at High-Cup
Xick (48), or at both these places, the watersheds being at about

the same level.

As has been already stated (p. 583), the Drift of this part of the

area is of a type different from that occurring in the main valley,

scratched stones being very uncommon and striated surfaces absent.
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The valleys now occupied by Hudeshope Beck and Great Eggles-

hope Beck were also the sites of lakes at this period, the former

having its overflow into the latter between Carrs Hill and Monk's
Moor.

In the case of Little Eggleshope Beck, the ice standing against

Middle End, as already described, caused the ponding-up of the

drainage of that valley ; and it would also appear that a large

volume was discharged into this lake from the ice-front, as there

is a deep and wide gorge (now practically streamless) connecting

this valley with Eden Beck (49), a tributary of the River Wear.
The best-marked series of glacier-dammed lakes in the area

is that which occurs in the Mickle-Fell and Green-Fell range

(PL XXIX). The uppermost lake of this series occupied the area

now known as Philip-Reed Moss ; it received the drainage from

all the southern side of Mickle Eell, and probably also waters from

the eastern edge of the Eden Glacier. Its waters found an outlet

over the col between Ciosehouse Hush and West Hush, at an
elevation of about 1700 feet (51). The waters of this lake flowed

into a second lake which occupied the valley of Arngill Beck ; this,

in its turn, overflowed by way of the col at East Hush into the

valley of Hargill Beck.

This valley was also occupied by a lake, and overflowed by way
of the col between Cock Lake and Bink Moss into Wemmergill
Beck. At the period of maximum glaciation this lake not only

received the whole of the drainage from its own side of the Mickle-

Eell watershed, but also the overflow from a lake which occupied

the broad upland valley known as Howden Moss and Bleabeck

Grains (53). The overflow of this Bleabeck Lake was through the

channel of Dry Gill (54), between Hagworm Hill and Bink Moss,,

the level of the lake being about 1750 feet. There was still one

more in this chain of lakes, and this occupied the valley of Wemmer-
gill Beck. Its overflow at its maximum was at an elevation of

1600 feet, between How Top and Scarsett Rigg, by wav of Merry
Gill (55).

About a mile below the foot of Merry Gill the ice appears to

have stood at a level of 1500 feet, that is to say 100 feet lower than

the outlet of Lake Wemmergill, and therefore the water probably

flowed on to the ice, or may have found its way under or through

the glacier, as do some of the streams on the Malaspina Glacier in

Alaska.

(6) Phenomena during the Period of Retreat.

Having seen what was the probable state of affairs at" the time

of maximum glaciation, we may now consider what took place

during the period in which the ice dwindled. Of course, we can
learn nothing directly of the sequence of events during the period of

advance, as the traces of this advance were necessarily obliterated

during the period of greatest extension. By a careful study of the

phenomena of retreat we can, however, learn something of that
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which took place during the phase of advance, as the ice must have

stood successively at the same levels during both advance and

retreat. In the whole of Upper Teesdale I have not observed any
well-marked terminal moraine, unless the mound of clay and gravel

at the junction of the Tees and Harwood Beck can be considered to

be of that nature.

The absence of terminal moraines produced during the phase of

retreat seems to point to a very rapid removal of the ice after it had
once ceased to be confluent with that of Edenside. The ice of

Lunedale shrank somewhat, and then stood at a constant level for

a considerable period ; after which it seems to have disappeared

rapidly from the valley, probably because the ice from Edenside

was no longer able to surmount the high watershed above Brough-
under-Stainmoor, and the supply of the ice was thus cut off. The
level at which the ice stood at this stable period is indicated by the

level of the lower outlet of Lake Wemmergill.

At the time of maximum giaciation this lake stood at a level of

1600 feet, and overflowed by way of Merry Gill. . At a later epoch

the ice had retreated sufficiently to allow the waters of the lake to

escape, by way of the hollow between Merrygill-Head Moss and
Sleight Edge (56), and the large size and great depth (about 75 feet)

of this channel bear witness to the long time during which the ice

stood at this level.

The valley is now quite streamless ; and although the floor con-

sists of limestone, the fact of its dryness cannot be attributed to the

absorption of a former surface-stream by the rock, as there is no

catchment at the head of the channel capable of yielding a stream

competent to produce so large a valley. The waters of the lake

overflowing by this channel at a height of 1475 feet, produced a

large gravel-fan above the farm of Low Wythes (57). This halt

of the ice during its retreat is not confined to Lunedale, but is

just as well marked in Teesdale itself.

The best evidence in Teesdale is to be seen on the basalt-

escarpment which runs along the Yorkshire side of the valley

opposite Middleton-in-Teesdale, and extends to High Force. Daring
the stable period the ice appears to have filled the inner valley, but
to have been unable to surmount the basalt-cliffs. The result of

this was that a system of streams was produced, flowing parallel

to the side of the glacier, along the summit of the cliffs.

These streams have left records of their presence in a series of

gorges and channels which run parallel to the line of cliffs, in some
cases only a few yards from their edge. The summit of this line of

cliffs at its northern end is at a level of 1175 feet, while opposite

Middleton it stands at about 1000 feet. A series of gorges cut

back into this cliff-line, approximately at right angles to its face.

These gorges have very steep sides, and the streams which
occupy them have very steep gradients; they have been started by
the ordinary drainage of the wide outer valley, the floor of which
is formed in this region by the upper surface of the basalt-sill.

Connecting these normal valleys with each other is a series of
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channels, now quite dry, and running parallel to the edge of the

cliff. The most marked is that of the group of rocks known as The
Castles, at High Holwick (fig. 5, p. 586). In this case the Avater

from the edge of the ice has cut a channel, about 100 feet deep and
possessing an average width of 50 yards at the top, thus severing

The Castles from the main mass of the escarpment.

The large size of this channel, as compared with some of the

other gorges in similar situations farther down the valley, is to be

accounted for by the fact that this upper channel must, at that

stage, have taken the whole drainage of the country around Howden
Moss and Bleabeck Grains, in addition to the water from the side of

the ice in the neighbourhood of Cronkley Scar. The spur above

Gill Brae is severed by a channel known as the Hind Gate, which
is now dry, and evidently belongs to the same drainage-system.

The upper end of the Hind Gate opens into the Gill Gate, a normal

drainage-channel, at a height of 30 feet above the bottom of the

latter, and ends downward in a gulley of the basalt-cliff at a

height of 1150 feet above sea-level.

Pig. 6.

—

Section near West Crosstliwaite (Teesdale).

'""^^WSiNi

1 = Carboniferous Limestone.

2 = Whin Sill.

3 = Boulder-Clay,

4 = Dry valley.

Another excellent example of a channel of this description is

that on the edge of the cliffs immediately above the sheepfold at

West Crossthwaite. It is a channel cutting off a spur, and com-
mences at its upper end in the side of a normal gulley, which is at

this point 40 feet deeper than the dry valley (fig. 6). The bottom

of the channel is full of peat, and there is now no stream, nor is

there, under existing conditions, any possible catchment for such

a stream. This channel is continued on the opposite side of the

gulley, but it is not so well marked there.

Thus, during the period of retreat, there was an interval of con-

siderable duration, during which the level of the ice remained

constant both in Teesdale and in Lunedale. The cause of this

stable interval during the final retreat of the ice I am unable even

to guess at, at the present time ; but Mr. P. F. Kendall informs me
that he has met, in the Cleveland district, with evidence pointing in

the same direction. After this period of constant level the ice

seems to have dwindled very rapidly, as there are no terminal
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moraines to be seen, with the doubtful exception of the mound at

the junction of Barwood Beck with the Tees.

A further piece of evidence in favour of rapid retreat after this

period is to be found in the absence of any Glacial drainage-channels

below the level of the ice at its stable period.

III. Weaedaie.

(1) Topography and Structure.

The Wear has its origin in the elevated land (2300 feet) lying to

the east of the main Cross-Pell range, and separated therefrom by
the valley of the South Tyne. At its upper end the Wear Yalley is

divided into three branches, the northernmost of which is that

of the Kilhope Burn ; the other two being occupied respectively by
Welhope Burn and Burnhope Burn, the Wear itself being formed

by the union of these three streams. Several lateral valleys come
in on both banks, as will be seen on reference to PI. XXX.
The country consists for the most part of the limestones and

shales of the Carboniferous System, the higher hills being capped

by Millstone Grit. There is a small intrusion of basalt near

Cowshill (58), and a larger outcrop of the Whiu Sill near Stanhope.

The lower part of the valley, in the neighbourhood of Bishop

Auckland, is in the Coal-Measures. A basalt-dyke crosses Wear-
dale at Witton-le-\Vear.

(2) The Glacial Deposits.

Above Cowshill the Wear Yalley contains a considerable amount
of Drift. In the upper portion of the valley gravelly materials

predominate, and there are not very many scratched boulders ; but

a little way above Cowshill the Drift is a true Boulder-Clay of a

bluish colour, and contains abundantly planed and striated boulders

of Carboniferous Limestone, also masses of shale.

At the basalt-quarry at Cowshill is a thick deposit of blue

Boulder-Clay with striated stones, all such as could have been
derived from the upper part of Weardale. Below Cowshill, basalt

appears in the Drift, but is by no means plentiful, owing doubtless

to the limited area of the outcrop of that rock.

The left bank of the Wear is covered with similar Drift down to

Wear-Head Station. The central lobe of the valley, that of

Wellhope Burn, contains sandy and gravelly Drift derived from the

Carboniferous rocks at its head. The third or southern lobe is

that of Burnhope Burn, which is formed by two streams arising

on Burnhope . Moor (59), and is occupied by mounds of gravelly

Drift and Boulder- Clay of local origin, scratched stones being

common in the lower portion but rarer in the higher parts.

Ireshope Burn rises on the col at the head of Langdon Beck,

a tributary of the Tees (p. 574). At the summit of the col
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(1800 feet) there is a deposit of peat, resting upon gravel formed
of local material and for the most part angular. This gravelly

deposit is continuous with true Glacial material on both sides of

the col.

Ireshope Burn is formed by the union of two principal tributaries.

The eastern stream cuts through thin Drift, containing angular and
subangular stones ; but in the western tributary, which is the

larger, occur esker-like mounds of gravel of a more rounded type.

Below the junction of the two streams the stones become striated,

and the amount of striation increases at still lower levels.

There is a railway-cutting 30 feet deep, three quarters of a mile

west of Westgate Station (60). This is in stiff Boulder-Clay con-

taining many striated stones. A thickness of 10 feet of the same
material is to be seen close to Westgate Station. About a quarter

of a mile below Westgate, the river cuts through similar material

resting upon limestone, the surface of which is planed.

Similar deposits are exposed in the cutting 1 mile above

Eastgate Station (Gl), the boulders being very large and well-

striated. Iu a quarry on the north side of the railway, half a mile

above Stanhope, there is an exposure of 20 feet of blue Boulder-Clay

resting on the ' solid rock.'

In the large quarry at Jack's Crag (02), about 1 mile south-east

of Stanhope, is a very fine striated surface. The surface originally

exposed measured 100 yards by 50, and was moutonnee and
striated throughout. There is still a large portion exposed, and
the strire pass under the Boulder-Clay, the surface being therefore

of unknown extent. This is the finest example of a striated surface

that I have seen in the North of England. The direction of the

stria 1 is south 50° east, or approximately that of the main valley.

The Boulder-Clay in this section varies from 15 to 20 feet in

thickness, and contains boulders of Carboniferous Limestone, sand-

stone, Millstone Grit, and less commonly basalt. Many of the

boulders, especially those consisting of Carboniferous Limestone,

are striated.

The ' Great Limestone ' is quarried at Ashes Quarry, Stanhope

(63), and is covered by stiff bluish Boulder-Clay containing lime-

stone- and sandstone-boulders, to a depth varying between 20 and
40 feet. When exposed to the air this clay weathers to a reddish-

brown. A year or two ago there were fine examples of striae to be

seen in this quarry ; but the portion of the quarry where they

occur is not now being worked. Mr. W. M. Egglestone. of Stanhope,

Secretary of the Weardale Naturalists' Field-Club, informed me that

the direction of the striae was north-north-west to south-south-east.

That is the direction of the valley of Stanhope Burn, at the mouth
of which the quarry is situated.

In the portion of Weardale that extends between Stanhope and
Frosterley there are patches of Drift on both sides of the river ; but

at many places the limestone-series appears at the surface. Thus,

in the long quarry on the side of the main road between Stanhope

and Erosterley, there is very little if any Drift, and the uppermost
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beds of the limestone are not striated, though in places they show
a little crumpling. This may, however, be due to ' creep.' At
Broadwood Quarry, near Frosterley (64), on the right bank of the

Wear, 40 feet of Boulder-Clay rests on the limestone. The boulders

in this deposit consist of Carboniferous Limestone and sandstone,

both of which occur in situ in the Dale. The surface of the lime-

stone is striated, the direction being S. 80° E. (true). Mr. Barker,

the manager of the quarry, informed me that when first cleared

the striated surface was several acres in extent.

Between Frosterley and Wolsingham the Drift is of the same
general type as that occurring higher up the Dale, but sections are

not so plentiful. Opposite Harperley Station the river has cut

through Boulder-Clay to a depth of 20 feet ; the boulders are all

such as occur in situ in Weardale. Below Harperley are wide
' garths,' which occur alternately on the right and left banks of the

river. These ; garths ' are flanked by wooded slopes of Boulder-

Clay, often of considerable height.

There are no good sections of the Drift to be seen, until a point

about a mile above the bridge at Witton-le-Wear is reached. Here
the river has exposed a section of Boulder-Clay and gravel 60 feet

thick, and is still running in Drift : this is on the left bank. The
railway also cuts through the mass of Drift, but the sides of the

cutting are sloped and grassed over. On the hillside above this

point is a large quarry in Carboniferous sandstone and shale, and
also a heading driven into the Whin Dyke which crosses the valley

at this point. In neither of these sections is any Glacial material

to be seen.

At Garth Ford (66), above the bridge at Witton-le-Wear, and on
the right bank of the river, is a cliff of Drift consisting of 40 feet

of blue Boulder-Clay, with a capping of gravel 20 feet thick. The
gravels are much waterworn, the stones in the Boulder-Clay being

subangular and sometimes striated. They consist of Carboniferous

Limestone and Gannister, many being of very large size. I found

one piece of andesite from the Borrowdale Series in situ- in this

clay.

In the bed of the Wear at Witton Bridge are boulders of basalt,

Coal-Measure sandstone, Gannister, Millstone Grit, Carboniferous

Limestone, and brown shale with encrinite-stems. I also found one

piece of a close-grained green andesite, belonging to the Borrowdale
Volcanic Series.

The following tributary valleys contain Drift consisting entirely

of local material, namely :—
Eight Bank: Grain Eeck, Swinhope Burn, Westernkope Burn, and

Bollihope Burn.

Left Bank: Middlehope Burn, Kookhope Burn, Stanhope Burn, and
Wascrow Beck.

In the valley of Bedburn Beck the Drift is much more gravelly

than in any of the preceding, and furthermore it is of a red colour
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and contains material derived from the Teesdale area. Thus, by
the footbridge below Mayland Cottage (67) there is a boulder of

andesite-breccia (Borrowdale Series) ; and close to Mayland Cottage,

one consisting of pink rhyolite, which is striated.

On the road between ' Robins Castle ' and Mayland Cottage are

many boulders of basalt, which are also plentiful in the village of

Woodlands (68).

In the village of Lynsack (950 feet) is a boulder of andesite

;

while on the main road 300 yards south-east of that village, and
at a height of 900 feet, is a boulder of Shap Granite measuring

2x2xU feet.

The country between Bishop Auckland and West Auckland (69) is

covered with Drift : but there are few sections to show its nature.

There is a large boulder of basalt in the village of West Auck-
land, at the corner of the road leading to Etherley. Near the

bridge carrying the Etherley road over the River Gaunless is a

section 30 feet deep through a mound of gravelly clay, which
contains boulders of basalt, Coal-Measure sandstone, and Carboni-

ferous Limestone. Above Spring-Bank railway-crossing the Gaunless
cuts through similar Drift to a depth of 40 feet, and is still running
in Drift : but nearer Etherley (70) the Drift ceases at a height of

550 feet, although there are still a few scattered boulders.

In the village of Etherley, Drift is absent, as is also the case

at the cross-roads north of the village. A quarry in Coal-Measure
sandstone north of the crest of the hill, and on the road between
Etherley and Witton-le-Wear, shows the rock passing up into a

normal subsoil, there being no Glacial Drift. Descending towards

Witton-le-Wear, the Drift again appears at a height of about

400 feet above the sea.

The country to the north of Wear-Yalley Junction (71) is

covered by a reddish sandy Boulder-Clay, of a character quite

different from that of Weardale. In a quarry near High-Nook
Station (72), lying between the road and the railway, 6 feet of red

Boulder-Clay rests upon Coal-Measure sandstone. The clay contains

Eskdale Granite (Cumberland), Silurian grit (South of Scotland),

and various Carboniferous sandstones, including Gannister and
Millstone Grit. Near this quarry are several heaps of small boulders

lying at the roadside, which I was informed had been picked off the

neighbouring tields. They consist for the most part of Millstone

Grit and Coal-Measure sandstone, but also include Silurian grit

and an andesitic ash similar to those of the Borrowdale Series.

At the bridge over Abbey Burn, north of ' The Hermitage ' (73),

there is a section 30 feet deep, in yellowish-brown Boulder-

Clay, containing the granites of Eskdale (Cumberland) and Criffel,

together with a large quantity of local material. The Drift in

Wascrow Beck is principally of a brown colour, and contains local

material only.
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.(3) Glacial Striae, etc.

The striae in Weardale occur on the beds of limestone, and are

especially plentiful in the neighbourhood of Stanhope. In all

cases they are approximately parallel to the valleys in which they

occur Among others, I noted the following; :-

1. Surface of the Great Limestone, at Ashe's Quarry, Stanhope (900 feet).

N.N.W. to S.S.E. (63).

2. Surface of limestone, in quarry at Jack's Crag, near Stanhope (950 feet).

S. 50° E. (62).

3. Surface of limestone, Broadwood Quarry, near Frosterley (550 feet)

S. 80° E. (64).

[Since writing the above I have received a copy of the Trans-
actions of the Weardale Naturalists' Field-Club, which contains an
account of a striated surface at Sandy Carr, 1 mile north of

Wolsiugham. 1 The surface consists of a Gannister, being situated

near the base of the Millstone Grit, at an altitude of 900 feet

above sea-level. The direction of the striae is given as east-north-

easterly.]

(4) Boundaries of the Ice at the Period of Maximum
Glaciation.

The valleys of the Wear and of its tributaries appear to have
been occupied by ice of local origin, with the exception of Bedburn
Beck, which at the period of maximum glaciation was occupied by
a lobe of ice connected with the Teesdale Glacier.

At the head of Weardale and in the upper portions of Wellhope
and Burnhope Burns the ice stood at a level of 2000 feet.

At the head of Ireshope Burn (1800 feet) the ice of Weardale
seems to have been confluent with that of Langdon Beck (Teesdale),

but there is no evidence that there was any flow of ice from Wear-
dale into Teesdale or vice versa, the ice being apparently shed off the
col in both directions.

In Swinehope Burn and Westernhope Beck, and on Snowhope
Moor (74), the ice reached the 1750-foot contour-line

; and in the
lower portion of the Dale, near Witton-le-Wear, the whole country
appears to have been overridden.

Below Witton-le-Wear the ice of Weardale was confluent with
that of Teesdale, as is shown by the boulders of Lake-District rocks

;

and also with that from the Tyne Valley, as evidenced by the boulders
of Scottish granite and Silurian grit in the Drift north of Tow
Law. This Drift is practically continuous with that of the Derweut
Valley, which I shall show in § IV to be connected with that of
the Tyne Valley.

1
' Glacier Footprints in the Wear Valley ' by W. M. Egglestone Trans

Weardale Nat. Field-Club, vol. i (1903; pp. 78-S6.
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(5) Glacial Lakes and Drainage-Channels.

The valleys tributary to Weardale having been, without exception,

occupied by ice, no glacial lakes were produced, and, as a result, there

is a complete absence of the dry valleys so common in Teesdale. The
only case in which the drainage was abnormal was at the head of

Bedburn Beck, where the tributary known as Fuden Beck received

the waters from the lake in the valley now occupied by Little

Eggleshope Be*k, on the Teesdale side of the watershed (see

p. 574).

IY. The Valley oe the Tyne.

(1) Topography and Structure.

The South Tyne lises on the eastern slope of the Cross-Fell

range, in the neighbourhood of Yad Moss. This is practically

in the drainage of the Tees, the watershed being flat and composed
of Drift and peat, and the South Tyne being actually connected with

the Tees by channels of sluggish water in wet seasons.

The South Tyne flows northward down Alston dale, receiving

important tributaries on both banks from the northern portion of

the Cross-Fell range on the west and from Alston Common (75) on

the east. It continues to flow northward, until it reaches the line of

faulting which cuts off the northern end of the chain, and then turns

abruptly eastward, in which direction it continues to flow to its

junction with the North Tyne, 2h miles north-west of Hexham.
Near the bend a small tributary, Tipalt Burn, comes in on the

left bank. This rises about 6 miles to the north-west of Halt-

whistle, and for the first part of its course flows in a south-westerly

direction towards Gilsland ; it then turns down the broad valley

which carries the Newcastle & Carlisle Railway, and flows south-

eastward to join the South Tyne about 1J miles above Haltwhistle.

Between Haltwhistle and Hexham the River Allen, formed by

the junction of the East Allen and West Allen, joins the Tyne on

the right bank.

The North Tyne rises in the Cheviot Hills near Deadwater, and

flows in a general south-easterly direction to its junction with the

South Tyne near Hexham. The main river, formed by the junction

of the Xorth Tyne and South Tyne, then flows in a general easterly

direction to the sea at Tynemouth. About 3 miles below Hexham
the Devil's Water comes in on the right bank, and the River

Derwent joins the main stream on the same bank 3 miles above

Newcastle.

The drainage-system of the Tyne is entirely excavated in the

rocks of the Carboniferous System, which are penetrated in places

by the Great Whin Sill. The watershed between the basins of the

North and the South Tyne corresponds approximately with the line
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of the Roman Wall, and is formed by the outcrop of the Great Whin
Sill. The North Tyne cuts through this outcrop in the neigh-

bourhood of Barrasford.

The Great Whin Sill also crops out at the head of Alstondale,

and at numerous points on the northern and eastern slopes of the

Cross-Fell range. The Carboniferous Limestone and Yoredale Series

cover most of the ground, but there are important outcrops of

Millstone Grit capping the hills between Alstondale and West
Allendale and Devil's Water, and between the latter stream and the

River Derwent. Several small faulted outliers of Coal-Measures

occur in the valley of the South Tyne, between Haltwhistle and
Hexham : while for the last 20 miles of its course, the River Tyne
flows over the rocks of the Northumberland coalfield.

(2) The Glacial Deposits.

The valley of the South Tyne above the town of Alston contains

considerable quantities of bluish Boulder-Clay, with scratched

boulders consisting of the Carboniferous rocks of the Dale, together

with a few boulders of Whin Sill. The Drift is of a similar nature
in the tributary valleys, and also in the lower part of the main
valley from Alston down to Lambley.

The valley of the Nent, an important tributary which joins the

South Tyne on its right bank at Alston, contains Boulder-Clay
with local boulders, many of which are striated.

Below Lambley the Drift assumes a reddish colour, and becomes
more gravelly in texture. It is also much more widely distributed,

being continuous with that of the Yale of Eden. In the neighbour-

hood of Harperstown I found several pebbles of the granite

of Eskdale in Cumberland ; also several boulders of Borrowdale
andesite, together with large quantities of Carboniferous Lime-
stone and shale and Whin-Sill dolerite. Between Eeatherstone
Castle and Bellister Castle the Drift contains the full suite

of rocks characteristic of the Drift beyond the Pennine water-
shed round Carlisle and Brampton, together with Whin Sill. On
the hill behind Bellister Castle (600 feet) the Drift contains a

similar assortment of rocks. Seeing that this Drift is similar

to that of the Brampton district in the Valley of the Irthing (of

which I had made a hasty examination), I determined to visit that

locality again, in order to investigate the matter more fully.

The country between How Mill and Brampton Junction is covered

with Glacial gravels arranged in mounds. Near Brampton Junction

(400 feet) the gravel is reddish in colour, and contains pebbles of

Borrowdale volcanics and large quantities of Triassic or Permian
sandstone. Between Brampton Junction and Talkin' Tarn is a

large hollow lying between the gravel-hills, and containing a con-
siderable quantity of peat, 4 feet of this deposit being exposed in a
cutting. This points to the presence of beds of clay below the
gravel. Talkin' Tarn lies in a similar hollow, and apparently has a
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gravelly bottom. The overflow of the tarn is by a small stream at

the southern end at a height of 400 feet.

North of Brampton Junction are numerous Drift-mounds, which
have their longer axes approximately parallel and running south
30° east.

The country to the north-west of Brampton is flat, the hills

of Drift only occurring near the Pennine Chain. I found large

boulders of the following rocks between the Station and the town
at Brampton, namely:—Dalbeattie Granite, Borrowdale volcanics

(several varieties), Penrith Sandstone, Coal-Measure sandstone,

andesitic breccia of the Yewdale type, aud Silurian grit.

There is a cutting near ' Westwood ' Brampton, which exhibits

the following section :— Bed sandy material, current -bedded

towards the south, and also much contorted and in places

faulted. The sand is extremely fine, and contains some coherent

beds a quarter of an inch thick. Below the sand is a red gravel, with

pebbles of Borrowdale volcanics and fragments of shells. The shell-

fragments are so small and friable, that I found it impossible to

determine the genera. This portion of Brampton is called Sands.

In the town of Brampton itself are many large boulders of

andesite used as corner-stones.

In Gelt "Woods, near Brampton, are quarries in Triassic sandstone.

Immediately above this sandstone is a bed of fine red sand, between

2 and 3 feet thick, and evidently derived from the underlying rock.

Above this is a bed of red gravel containing pebbles of Borrowdale

volcanics, Triassic sandstone, Buttermere granophyre, and Criffel

Granite.

I was unable to find any basalt of the Great Whin Sill in the

Drift of the Brampton district.

Following up the Valley of the Irthing, I noticed that the Drift

became more clayey on the flanks of the valley, retaining, however,

its gravelly character in the valley-bottom. At Upper Denton,

near Gilsland, there is a moraine lying across the river-valley and

considerably deflecting the stream. This moraine has its concave

side up-stream, and points to a late movement of ice down the.

Irthing Valley. There are enormous masses of reddish gravelly

clay in the neighbourhood of Gilsland. They are disposed in

morainic hills, many of which are cut through by the river.

In and about the village of Gilsland, and between the village and

the Hydropathic establishment, are many large boulders of Criffel,

Dalbeattie, and Eskdale Granite, Whin-Sill dolerite, Borrowdale

andesite and andesitic breccia, and Carboniferous sandstone and

Limestone ; Silurian grits, though less common, are well represented.

Similar Drift, containing the same assemblage of rocks, occurs in

large quantities in the valley of Tipalt Burn, which connects the

Valley of the Irthing w7ith that of the Tyne ; and between the

point"where this burn joins the Tyne and the town of Haltwhistle

a fine section of Drift is exposed on the left bank of the Tyne. The

Upper portion of the section consists of gravel, which is comparatively
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hue above, but near its base consists of boulders up to '3 feet iu

length. This gravel rests unconforrnably upon a mass of contorted

red Boulder-Clay, which contains tongues and shreds of fine sand

and gravel. I collected the following rocks from this section, the

gravel and Boulder-Clay being similar as regards their contents, with

the exception that local rocks predominate to a greater extent in the

gravel ; many of the boulders, both local and foreign, were well

striated :—Carboniferous Limestone and sandstone, Millstone Grit,

Borrowdale volcanics (several well-marked types, including the

Yewdale breccia and the hypersthene-dolerite of Eycott Hill), New
Red Sandstone, Dalbeattie Granite, Criffel Granite, Eskdale Granite,

and Buttermere granophyre.

Between Haltwhistle and Bardon Mill there is much gravelly

Boulder-Clay of a prevalent reel tint, with patches of gravel here

and there. The same characters obtain in the portion of the main
valley from Bardon Mill by Haydon Bridge and Eourstones, to the

junction of the North and South Tyne at Warden.
North of the main valley similar Drift covers a great part of

the country up to the outcrop of the Great Whin Sill ; and to the

north of this line the contents of the Drift gradually change, until

the valley of the South Tyne is reached. The Borrowdale volcanics

and the other Lake-District rocks are the first to disappear, and to

the north of Houxby Burn they are entirely absent ; but boulders

of Silurian grit, Dalbeattie Granite, and New Bed Sandstone are

present in large numbers in the bed of that burn, close to its junction

with the North Tyne.

North of Bellingham the valley of the North Tyne contains large

quantities of bluish Boulder-Clay, less gravelly than that of the

South Tyne and containing boulders derived from the local Car-

boniferous rocks, with a few consisting of Silurian grit.

The country between Bellingham and the Cheviots is covered

with similar material, with a few local patches of gravel, except

a few of the most prominent ridges, which are swept clear of

Drift and exhibit glacial striations. Whin- Sill dolerite, though
absent from the Drift of the upper part of the valley, becomes a con-

spicuous element immediately to the south of the outcrop of that

rock at Barrasford.

I observed several small boulders of Borrowdale andesite in a

little stream near Walwick Grange (79) on the right bank of the

North Tyne, about a mile south of the Roman Wall, but none to the

north of that place. Erom. Walwick Grange southward, Lake-
District rocks become increasingly numerous, until the South Tyne
is reached.

The Drift of the left bank of the North Tyne appears to be
entirely free from Lake-District rocks as far south as the village of

Acomb (80).

Beturning now to the right bank of the South Tyne, we shall

note that the Valleys of the East and West Allen and of Devil's

Water are encumbered with Drift of a character distinct from any

Q.J. G. S. No. 231. 2s
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of that described as occurring- in the main valley. In each of these

valleys are enormous masses of stratified gravels, sands, and clays,

disposed in plateaux which are deeply trenched by the streams.

The section at Wooley Park, half-a-mile south of Allendale Town,
is typical of the class of Drift occurring in these valleys. It consists

of stratified sands, gravels, and buttery clays. The materials are

for the most part derived from the Carboniferous rocks, but include

pebbles of Lake-District and Scottish rocks. The pebbles are water-

worn, and exhibit no signs of glaciation.

Near Sinderhope Post-office (81), 3 miles south of Allendale

Town, the Drift rises to a height of 1000 feet. It is roughly

stratified, reddish-brown, and contains Carboniferous sandstone and
shale, with a few pebbles of andesite and Silurian grit.

Three quarters of a mile east of High Studdon (82), at the upper

end of a large valley which cuts through the watershed into the

Valley of Devil's Water, there is a patch of buttery blue stratified

clay containing fragments of Millstone Grit and Coal-Measure

sandstone. This is at a height of 1100 feet. Another class of

deposit is found in parts of these valleys, namely, a well-washed

gravel consisting of pebbles similar to those found in the stratified

Drift. These gravels arc arranged in fans or deltas at the lower

end of several of the larger valleys described in sub-section 5,

p. 002.

In the Valley of the Derwent there is no Drift above Blancbland
;

but about a mile to the eastward much gravelly material is found,

containing Lake-District and Scottish rocks with an abundance of

local material.

Thus, in the valley of Acton Burn a large deposit of gravel

and Boulder-Clay occurs, both above and below the point where the

road crosses the burn. Millstone Grit, Coal-Measure sandstone,

Borrowdale volcanics, Carboniferous Limestone, dolerite (Whin Sill),

and Silurian grit are plentiful in this deposit. A few of the pebbles

of Silurian grit are striated. The deposit forms a thick mantle over

the country for a considerable distance.

The Drift of the main valley of the Tyne below the junction of

the two branches is more gravelly than is the case higher up.

The following sections at Hexham will serve to illustrate its

nature :—In the gravel-pit at Bridge End, Hexham (left bank), is a

section of coarse gravel 10 feet deep, base not exposed, containing

boulders of Carboniferous sandstone, Carboniferous Limestone, Mill-

stone Grit, New Bed Sandstone; Borrowdale volcanics (several types);

granites of Criffel, Dalbeattie, and Eskdale (Cumberland) ; Silurian

grit (two varieties) ; Buttermere granophyre ; Whin-Sill dolerite, and

Brockram. *

The sand-and-gravel pit at the northern end of the Seal at Hexham
is excavated in a mound of Drift. The section is between 40 and

50 feet deep, and consists at the top of coarse gravel, which is

succeeded by beds of contorted gravel finer in texture, and this
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rests unconformably upon horizontally-bedded sands with current-

bedding, and a few thin beds of buttery red clay. Below the

gravel, and exposed in a small cutting giving entrance to the pit, is

a bed of sandy Boulder-Clay, which is the lowest bed exposed.

The gravel contains Carboniferous sandstone, Millstone Grit, and
Borrow dale volcanics.

South-east of Hexham, the country between the Tyue and the

Derwent is thickly covered with Boulder-Clay, up to a height of about

850 feet, except at the mouths of several of the abnormal valleys to

be mentioned later (p. 602), where there are large spreads of

gravel. This Drift contains all the erratics theit have been

recorded as being found in the valley of the South Tyne, between
Haltwhistle and Hexham.

Notable spreads of gravel occur round Biding Mill (north

of Dipton Burn), between Stocksfield Station (N. & C.R.) and
Hindley near Ebchester (Derwent Valley), the mouth of a valley

cutting through the watershed to the west, and at Edmondbyers
and Muggleswick, higher up the Derwent.

(3) Glacial Striae, etc.

The Glacial striae in this area are apparently confined to the

valley of the North Tyne, where there is a series of outcrops

of hard limestone and basalt lying athwart the direction of the

ice-flow. The following are those which I observed; they are nearly

all marked on the 1-inch maps of the Geological Survey :

—

B-igiit Bank of the North Tyne.

1. Surface of limestone, Birks Moor, on the right bank of the North Tyne,
S. 52° E. (650 feet). (83.)

2. Surface of limestone, at Whitchester, 4 miles west of Bellingnain, S. 54° E.

(500 feet). (84.)

3. Surface of sandstone, at Old Man's Shield, 3£ miles west of Bellingham,
S. 71° E. (500 feet). (85.)

4. Surface of sandstone, at Mortley, 2 miles west of Wark, S. 53° E. (600 feet).

(86.)

Left Bank of the North Tyne.

5. Surface of sandstone, three quarters of a mile north of Field Head, 3 miles
north-west of Bellingham, S. 54° E. (850 feet). (87.)

6. Surface of sandstone, at Close Hill near last, S. 51° E. (650 feet). (88.)

7. Surface of sandstone, at Charlton near last, S. 65° E. (500 feet). (89.)

8. Surface of sandstone, between Charlton and Long Haugh Shield, S. 72° E.
(550 feet). (90.)

9. Surface of sandstone, a quarter of a mile west of last, S. 80° E. (850 feet).

10. Surface of sandstone, on Callahues Crag, 2^ miles north of Bellingham,
S. 67° E. (1100 feet). (91.)

11. Surface of sandstone, at Hightown, 1 mile north of Bellingham, S. 67° E.
(800 feet). (92.)

12. Surface of coarse grit, on Aid Moss near Redesdale, 5 miles west of
Bellingham, N. 82° E. (1000 feet). (93.)

13. Another surface, a quarter of a mile south-east of last, N. 78° E. (1050 feet).

14. Surface of sandstone, 1 mile north of Birtley, S. 69° E. (750 feet).

15. Surface of sandstone, near Folly-Moss B/eservoir, 3 miles west of Birtley,

S. 80° E. (700 feet). (95.)
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• Group of striated surfaces along the line of the Whin-Sill
escarpment, north of Chollerton.

16. Surface of dolerite, near Colwell, S. 80° E. (550 feet).

17. Surface of sandstone, near Swineburn Castle, S. 26° E. (450 feet).

18. Surface of sandstone, on Barrasford Common, S. 50° E. (400 feet).

19. Surface of limestone, half a mile east of G-unnerton, S. 20° E. (500 feet).

Group of striated surfaces on the line of the escarpment of

the Great and Little Limestone, line of the Roman Wall,
east of the North Tyne (96).

20. Surface of sandstone, near Wall, S. 14° E. (500 feet).

21. Surface of basalt-dyke, at Crag House, S. 25° E. (600 feet).

22. Surface of sandstone, near Pallowfield, S. 30° E. (650 feet).

23. Another surface of sandstone, S. 58° E. (650 feet).

24. Surface of sandstone, 1 mile north-east of Acomb, S. 52° E. (700 feet).

(4) Boundaries of the Ice at the Period of

Maximum Glaciation.

I have mentioned (p. 582) that the ice formed on the eastern

slopes of Cross Fell sent an arm down the valley of the South Tyne
towards Alston. This forms the commencement of the glacier-

system of the South Tyne, and at the period of maximum glaciation

it filled the valley up to a height of 1800 feet above sea-level.

In the neighbourhood of Lambley, the glacier of Alstondale

became confluent with a lobe of ice which came from the Irish-

Sea Basin over the northern end of the Pennine Chain and

through the valley of the Irthing, and extended in a northerly

direction up to the Scottish Border. This great stream of ice then

moved eastward down the valley of the South Tyne, and across the

wild stretch of undulating moorland to the north of the Boman
Wall, until it reached the valley of the North Tyne, deflecting to

the eastward the glacier which came down that stream, as is shown
by the direction of the strise on the left bank of the river and in

the neighbourhood of Bedesdale. The effects of this thrust have
been traced up to the south-eastern slopes of the porphyrite-hills of

the Cheviots. 1

The northern boundary of this great glacier cannot be traced, as

it seems to have been confluent with ice flowing in a general south-

easterly direction round the flanks of the Cheviot massif. Prom
the general absence of boulders of Lake-District rocks east of

the North Tyne, I should infer that the ice which passed eastward
over Bedesdale was that proper to the North Tyne, the boundary
of the western ice lying approximately on an east-and-west line

drawn through Chollerton.

The southern limit, on the contrary, can be traced with great

accuracy by the series of lakes and overflow-channels which were
produced along that line. The boundary, at the maximum extension

of the ice, passed across the northern end of Whitfield Moor (97),

1 P. F. Kendall & H. B. Muff, Geol. Mag. 1901, p. 513 ; Eep. Brit. Assoc.
1901 (Glasgow) p. «d 46.
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across West Allendale, across the spur between the West and East
Allen, at a height of 1 600 feet, across East Allendale above Allendale

Town, across Harwood Side (98) at 1450 feet, over Lilswood Moor
(99) at 1400 feet, across the Yalley of Devil's Water over Blanchland

Moor (100) at 1300 feet, and so into the Yalley of the Derwent.
Continuing the line farther south-eastward, we find it skirting the

Millstone-Grit fells by Edmondbyers Common and Muggleswick
Park (about 1200 feet), and finally passing over Whitehall Moss

(101) into the Yalley of the Wear, at 1100 feet above sea-level.

(5) Glacial Lakes and Drainage-Channels.

The ice of Alstondale produced several small lakes in the tributary

valleys by closing their lower ends. The highest of these was in the

valley of Garrygill Burn (102), on the right bank. The water of

Garrygill Lake stood at the level of 1800 feet, and was drained by a

channel (now dry) over Black Moor into the Yalley of the Nent.

Below Alston, on the same bank, were two lakes in the valleys of

Ayle Burn (103) and Barbaugh Burn (104) respectively. Barhaugh
Lake stood at a level of 1575 feet, and overflowed by a channel

over Willyshaw Rigg into Ayle Lake (1500 feet), which in its turn

drained over the col at the head of Ayle Burn into West Allendale.

This must have taken place after the period of maximum
glaciation, when the waters of the lake in West Allendale, which
will subsequently be shown to have stood at 1600 feet at that

period, had subsided somewhat.

The most important system of lakes and channels, however, is that

produced along the southern border of the South-Tyne Glacier at the

period of maximum glaciation, and by means of it I have been able to

trace the level of the margin of the ice at that period (fig. 7, p. 600).

The uppermost of this series was at the head of West
Allendale. The water stood at a level of 1600 feet, and drained by

a channel at that level over Kevelin Moor (106) into a similar lake

occupying the valley of the East Allen.

The lake in East Allendale stood at a level of 1450 feet, and

overflowed by a channel at that elevation over the ridge to the east

into a small lake occupying the upper part of the valley of Linn

Burn, a tributary of Devil's Water. This was continuous with a

larger lake occupying the upper part of the Devil's-Water valley, and

its overflow cut the deep notch known as Rowantree Cleugh
(the highest point of which is at 1260 feet) at a somewhat later

period, when the water of the latter lake had fallen in level owing

to the cutting-down of its overflow, Beldon Cleugh.

The lake in the Devil's-Water valley stood at a level of 1250 feet

at first, but fell during the period of maximum glaciation to about

1100 feet, by the cutting-down of its overflow-channel overBulbeck

Common by way of Beldon Cleugh. This channel is 150 feet deep,

it has a flat bottom 100 yards in width, and is now quite

dry. The watershed, which is at the northern end of the
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valley, is now at 1100 feet. The stream whiek oceupied this huge

channel flowed into the valley of Beldon Burn, a tributary of the

Derwent.

Above its junction with the overflow the valley of Beldon Burn is

a normal Y-shaped river-valley, but immediately below the junction

it widens out into a broad gorge with almost vertical sides, and a

flat bottom on which the existing stream swings to and fro in a

series of windings. All the small tributary streams which enter

the burn below the junction of the overflow-valley, do so by a series

of waterfalls, showing that this part of the valley was excavated by

the overflow of the Allen and Devil's Water lakes, the present

stream being an obvious misfit. (See fig. 8.)

Fig. 8.

—

Diagrammatic view of the Beldon-Burn valley.

The water was again impounded by the margin of the ice crossing
the Derwent Valley below Blanchland, forming a lake in that
valley. Thence it overflowed by a channel over Edmondbyers
Common (1100 feet; into Burnhope Burn, the valley of which
formed another of this chain of lakes. This, in its turn, drained
over the Fell above Muggleswick Park at Lamb kShields (1100 feet),

forming yet another lake which occupied the upper portions of the
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valleys of Hisehope Burn and Horsleyhope Burn. The waters

of Horsleyhope Lake stood at 1020 feet, and drained over the

Derwent-Wear watershed at Lindisfarne,
1
J miles east of Waskerley,

and so into the drainage-basin of the Eiver Wear.
There are large fans of gravel, in some cases forming well-

marked deltas, at the lower ends of all the overflow-valleys above

mentioned.

The relation of this series of lakes to each other will be readily

seen by reference to fig. 9 a, p. 604, which is a section across the

country approximately parallel to the margin of the glacier. As the

South-Tyne Glacier dwindled, and the edge of the ice retreated north-

ward, lower and lower outlets were successively opened for the

waters of these lakes. The level of the water consequently fell

step by step, until the normal channels of the rivers were once more
exposed and the lakes completely drained (fig. 7, p. 600). Thus on

the spur between West Allendale and East Allendale there is a dry

gorge at 1260 feet. On the ice retreating from the 1250-foot line

of this spur, the lakes of East and West Allen would become
continuous.

In the case of the ridge between East Allendale and Devil's

Water there is a large series of such channels, as follows (fig. 9 b) :—at

maximum glaciation, 1450 feet, then 1400, then Knight's Cleugh
1150 feet ; then 2 miles farther north a series of 1100 feet, 1080 feet,

1050 feet ; and finally one at 990 feet, 1 mile north of Catton.

There is a still larger series on the high ground forming the water-

shed to the east of Devil's Water, at the following elevations

:

1200 feet, 1100 feet (several), 660 feet, (Strothersdale) 650 feet,

600 feet, 580 feet, 560 feet, 540 feet, 530 feet; and finally an

enormous gorge now almost dry, known as Dipton Burn, at

450 feet. (See fig. 9 c, p. 604.)

These valleys are for the most part small, and would not appear

to have carried the drainage of the lakes for any lengthened period.

There are, however, some notable exceptions, as, for instance,

Knight's Cleugh, East Allendale to Devil's Water, Strothersdale,

and Dipton Burn.

Farther eastward the country is intersected by numerous valleys

of a type similar to those already described, but here the problem
is complicated no doubt by the action of a glacier moving southward
from the Cheviots after the period of maximum glaciation, and by
the presence of the Scandinavian ice-sheet on the coast. I there-

fore prefer to leave this portion of the district for the present, and
to collect further details before venturing upon any explanation of

its abnormal valleys.

Before leaving the subject, however, mention must be made of a

very large valley which cuts through the Derwent-Wear watershed,

half-a-mile south of Consett Station. This is at a height of about

700 feet, and connects the valley of the Derwent with that of the

Browney, a tributary of the Wear.

Q. J. G. S. No. 231. 2 t
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(6) Phenomena during the Period of Retreat.

As the ice dwindled in the valley of the South Tyne, a marked
effect was produced upon the series of lakes along its southern

margin. This I have already described under the heading of

Glacial Lakes (p. 602). At the same time, the diminished supply

of ice from the Solway area allowed the North-Tyne Glacier to

resume its normal south-easterly course.

V. General Conclusions.

(i) Upper Teesdale was heavily glaciated by ice formed in the

upper parts of the Dale, and on the eastern slope of the Cross-Fell

range.

(ii) This part of the Dale was never invaded by ice from
the Irish-Sea area.

(iii) At no time during the Glacial Period was this district

completely buried by ice, but the higher peaks stood out as ' nuna-
takkr ' from the surrounding glaciers.

(iv) At the period of maximum glaciation a number of lakes

were formed, owing to the obstruction of the drainage of lateral

tributary-valleys by the ice of the main glaciers.

(v) Lunedalc was occupied by ice which came over from the

drainage-basin of the Irish Sea. In the neighbourhood of

Middleton-in-Teesdale this stream of ice became confluent with
the Teesdale Glacier, and then the joint stream flowed on towards

Barnard Castle.

(vi) The ice of Teesdale was deflected by the thrust of the

Stainmoor Glacier and caused to flow over into the valley of the

Wear, where it became confluent with the Weardale Glacier in

the neighbourhood of Wear-Valley Junction.

(vii) During the period of retreat of the ice there was a long

interval, in the course of which it remained at a constant level,

producing well-marked drainage-channels.

(viii) After this interval of constant level the ice was removed
from the country with great rapidity.

(ix) A tongue of ice flowed from Upper Teesdale, by way of Yad
Moss, into the valley of the South Tyne.

(x) Weardale and its tributary valleys above Witton-le-Wear

were heavily glaciated by ice formed within the drainage-basin of

the Wear, but this part of the Dale was never invaded by ice

from outside.

(xi) The ice which passed over from the head of Teesdale into

the Valley of the South Tyne, there formed a glacier which stood

at a level of about 1800 feet to the south of the village of Alston,

and was joined at that place by a glacier which flowed westward
down the Valley of the Nent.

(xii) A large glacier flowed across the northern end of the

Pennine Chain in an easterly direction, becoming confluent with
that of Alstondale in the neighbourhood of Lambley. This
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glacier was continuous in a northerly direction with the ice of the

Southern Uplands of Scotland and the North-Tyne Glacier, and
when at its maximum deflected the latter glacier to the north-

eastward, causing a movement in that direction along the southern

flanks of the Cheviot Range. It would not appear, however, that

the Solway ice ever crossed the North Tyne above the Roman Wall.

(xiii) At the commencement and also at the end of the glaciation

the Valley of the North Tyne was occupied by a glacier flowing in a

general south-easterly direction, but, as already stated, this was
deflected to the north-east by the eastward-flowing stream from
the Solway district at the period of maximum glaciation.

(xiv) The southern margin of the South-Tyne Glacier passed

across the heads of West and East Allendales, and Devil's Water,
and over Blanchland Common into the valley of the Derwent,
thence by way of Edmondbyers, Muggleswick, and Horsleyhope into

the Valley of the Browney, a tributary of the Wear, where it joined

the northern boundary of the Weardale Glacier.

(xv) A series of ice-dammed lakes, with a corresponding series of

overflow-channels, many of which are now streamless, was produced
along this margin.

The western face of the Pennine Chain still remains to be

worked out, and much more field-work will be necessary before the

complicated Glacial phenomena of the Northumberland and Durham
Coalfield and the Carboniferous uplands between this and the

Cheviots can be fully elucidated.

In conclusion I should like to thank Mr. Percy F. Kendall for

the information which he kindly gave me with regard to the Glacial

lakes of Cleveland, and the principles which he had drawn from his

recent work in that area, for without this information I should have

beeu unable to work out many of the complicated phenomena of

the district described in this paper.

EXPLANATION OF PLATES XXIX & XXX.

Plate XXIX.

Map of the glaciers and glacier-dammed lakes in the Teesdale, Weardale, and
Tynedale areas, on the scale of about 5 miles to the inch.

Plate XXX.

Map illustrating the glaciation of Teesdale, Weardale, and the Tyne Basin,

on the scale of about 6 miles to the inch.

Discussion.

Mr. P. P. Kendall offered his warm congratulations to the Author
upon a very valuable piece of work, in a district presenting unusual
difficulties. The high, bleak, inhospitable moorlands were exceedingly
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hard of access, and superadded to these natural obstacles was the

imperfection of the Ordnance map, as the 6-inch sheets were con-

toured only at 100-foot intervals, and even this failed above an
elevation of 1000 feet. The Author had to discover all the over-

flow-channels of his district by laborious expeditions along every

watershed, whereas in the case of the Cleveland area, he (the

speaker) had been able to trace almost every dry valley by the

beautiful contoured maps which they possessed in Yorkshire, before

studying them in the field. He had some years ago worked over

much of the region described, but had been unable to obtain any
clear or connected ideas of the relation of the Glacial phenomena.
Now, the Author's researches had, he thought, quite satisfactorily

explained them.

The Author, in his reply, thanked Mr. Kendall for the information

which he had kindly supplied regarding his work in the Cleveland

Hills while that work was still in progress, without which the

Author would have been unable to solve many of the problems in

the area described.
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Map of the Glaciers and Glacier-dammed Lakes in the Teesdale, Weardale, and Tynedale

[The shaded areas, darkening in proportion to height, represent the ' nunatakkr' which then projected above the ice.]
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31 . Overthrtjsts and other Disturbances in the Braysdown Colliery ;

and the Bearino of these Phenomena upon the Effects of

Overthrtjst-Faults in the Somerset Coalfield in general.

By Frederick Anthony Steart, Esq. (Communicated by

H. B. Woodward, Esq., F.R.S., F.G.S. Read May 14th, 1902.)

The Somerset Coalfield is a remarkable one in many respects.

Unlike most of the larger coalfields of this country, by far the

greater part is concealed by Secondary rocks, consisting of Oolites,

Lias, and Trias, which lie almost horizontally upon the disturbed

Coal-Measures beneath. Faults in these newer rocks are com-
paratively few and small. The Coal-Measures, however, present

a marked contrast in this respect— for this coalfield is in part

the most disturbed and contorted of those known and worked in

the United Kingdom. Its area covers about 240 square miles, and it

is presumably an isolated basin, bounded on all sides b}r anticlines

of older rocks. On the north, in the Coal-Measures at Kingswood,

near Bristol, there is an anticline and overlap-fault, which separates

the Somerset Coalfield on the south from the Bristol or Gloucester-

shire Coalfield on the north, on the borders of which the margin of

older rocks is clearly defined. On the south and south-west the

great Mendip anticline separates it possibly from a similar coalfield,

concealed beneath the thicker Secondary rocks on the farther side

of the Mendip Hills ; and on the east, the anticline which passes

from the far north near Cromhall, in Gloucestershire, through or

near Yate, probably continues slightly to the west of Bath and

thence to Frome on the south.

The object of this paper is an attempt to describe the overfaults

and related phenomena in a single colliery, namely that of Brays-

down, near Hadstock, and to show how the conclusions that may
be drawn from them account for some of the remarkable disturbances

which have been locally met with elsewhere.

In the first instance, it may be useful to recall attention to some
of the more important phenomena of this nature that have already

been observed in other parts of the Somerset Coalfield.

The faults in the Somerset Coal-Measures range from a few
inches up to 200 yards in downthrow. In some of the collieries they

are so close together, that it is rare to see a face of coal 200 yards

in extent without a fault or some other disturbance. There are

ordinary faults, step-faults, trough-faults, and—in many collieries

—

overlap-faults. Moreover, the strata in places are inclined at all

angles. As pointed out long ago by Buckland & Conybeare, in

the neighbourhood of the Nettlebridge Valley, to the north of the

Mendips, the mass of the Lower Coal-Measures is entirely in-

verted; for, instead of rising to the south in conformity with
the Mendips, the beds dip southward and rise towards the north.

Q. J. G. S. No. 232. 2 u
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The strata moreover are disturbed and contorted to such an extent,

that some of the coal-seams are so folded that a vertical shaft

may pass through the same seam two or three times in succession. 1

Thus at different collieries, what should he the roof of the seam

has now become the floor.

In the Radstoek Series of the Upper Coal-Measures, distant

nearly 4- miles from the Mendips, there occurs a huge overlap- fault,

which has not yet been proved in the Middle or Harrington seams,

as they have not been worked to the same extent. The effect of this

fault, as proved in the Upper seams, has been to thrust them bodily

forward one over the other in a remarkable manner, and for a great

distance. The first seam, or Great Vein, overlaps 140 yards. The
amount of overlap increases in each successive seam, in descending

order, until, when the sixth, or Bull Vein, is reached about 80 yards

below, it amounts to 360 yards.
2 The vertical displacement or uplift

also increases in each seam in descending order, being to the north

and amounting to about 70 yards in the case of the Bull Vein.

The strike of this overthrust seems to coincide with the long axis of

the inversion on the north side of the Mendips. This being the case,

these two disturbances would appear to be in some way connected,

and to owe their origin to the same lateral pressure. But, whatever

the origin of this pressure (as to which question there are different

opinions 3
), it is probable that the cause of the formation of the

Radstoek overlap-fault also gave rise to a series of other smaller

and parallel overthrusts on the north side of it.

Two of these minor overthrusts have been met with at Brays-

down Colliery, situated about 1^- miles north-east of Radstoek

(see fig. 1, p. 610). These have been proved to run parallel one with

the other and with the larger Radstoek overthrust to the south, that

is, nearly due east and west. The notable fact about these smaller

overthrusts is that they exhibit the same features as the Radstoek one,

only on a smaller scale. In the case of the overthrust on the north

side of Braysdown Colliery, the amount of overlap increases from

about 10 or 12 yards on the first, or Great Vein, to about 80 yards

on the sixth, or Bull Vein ; the vertical upthrow also increases in

each seam in descending order, from 12 yards in the Great Vein

to about 30 yards in the Bull Vein.

The overthrust on the south side of the pit is somewhat similar

to that on the north side, but the vertical lifts and overthrusts are

greater. A peculiar feature here, however, which has been proved

by actual working in some cases, is, that although the strata seem

to have been subjected to a severer lateral pressure than in the case

of the fault on the north side of the pit, the coal-seams have not

1 Trans. Geol. Soc. sev. 2, vol. i (1824) pp. 255-56.
2 G. C. Greenwell & J. McMurtrie, ' The Radstoek Portion of tbe Somerset-

shire Coalfield ' 1864, p. 17.
3 See J. McMurtrie, op. cit. and Proc. Bath Nat. Hist. Club, vol. iii (1877)

p. 287 ; H. B. Woodward, Meru. Geol. Surv. ' Geol. East Somerset & Bristol

Coalfields' 1876, pp. 190, etc., and Proc. Geol. Assoc, vol. xi (1890) p. 485;

W A. E. Ussher, Proc. Somerset Arch. Soc. vol. xxxvi (1890) p. 88.

2u2
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been entirely shorn off: as, for example, in the case of the Middle
Vein (see fig. 1, p. 610). When the workings reached the com-
mencement of the overthrust, it was found that the coal-seam

dipped slightly towards it ; and after continuing for some distance to

dip in this manner, it began to thicken from an average of 2 feet to

6 or 8 feet. It then began to rise rapidly, until it became per-

pendicular and finally inverted, so that the floor of the seam now
formed the roof, and the hard sandstone-roof formed the floor. This

was found to continue, until the seam and associated strata gradually

again became vertical, and ultimately regained their former state

with the soft black shale under foot and the hard sandstone overhead.

The workings have not been sufficiently extensive to give the

dimensions of these overthrusts in each seam, but they are greater

than those of the overthrust on the north side. The continuity of

the coal-seams throughout the overfold has been practically proved

in the cases of the Great Vein, Top Little Vein, and Middle Vein.

As the overthrusts, however, appear to increase uninterruptedly

in magnitude below this point, it is very probable that these more
deeply-seated seams have been entirely shorn off, and are not

continuous.

It is a matter of interest whether, in the case of the great over-

thrust at Radstock, the amount of overlap still continues to increase

in the same manner below the Bull Vein, as above that seam.

If this should be so, the amount of overthrust in the coal-seams

of the Farrington Series, some 200 yards below, would be very great.

If, however, the Radstock overthrust is a magnified reproduction

of the smaller Braysdown thrusts to the north of it, then it seems

probable that this will not be the case, for the following reason.

The overthrust on the north side of Braysdown Colliery has been

proved in the Farrington Series, where, however, it occurs on the

south side of the pit. This overthrust, as before mentioned, has

been traced in all the Upper or Kadstock seams. It was met with

in the shaft, where it probably accounted for the unusual thickness

of Red Shales ; and on the south side of the shaft, in the working of

the first seam of the Farrington Series, the dimensions of this over-

thrust (or the linear extent of the displacement) have been found

to be practically the same l as that on the Bull Vein or last seam

of the Radstock Series, and therefore the fault (or vertical distance

by which the same coal-bed has been separated) may not be larger,

nor the overthrust (or extent to which the ends overlap) be any

greater below this point.

Ifwe accept the theory that these Braysdown faults owe their origin

to the same cause as the Radstock overlap-fault, it is reasonable

to suppose that when the Radstock Fault is proved in the Farrington

Series, it will be found to have the same dimensions approximately

as in the bottom seam, or Bull Vein, of the Upper Series. If this

be so, proof will be afforded that these faults did not take place

until after the last-named seam had been deposited.

1 In some cases slightly less.
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Mr. McMurtrie has taken the view that the increase in overlap

and uplift of the Radstock .Fault in the seams of coal, from the

Great Vein down to the Bull Vein, is due to the commencement of

this fault before the deposition of the Upper seams, and to a con-

tinuance of this movement during their deposition 1

: and in a recent

paper he says :

—

' A natural inference would be that the lateral movement (whatever its cause)

had commenced before the deposition of the Upper Veins, and that it must
have been continued afterwards— either as a gradual movement, or in successive

periods, which would fully account for the more limited overlap in the upper
strata.'

The facts observed at Braysdown Colliery show that this could not

have been the case ; for, had this been so, there should be a marked
difference in vertical thickness between the corresponding strata

lying between the same seams on the north and on the south side

of the faults. At Braysdown Colliery there is practically the same
thickness of strata between corresponding seams on both sides of the

fault. And, so far as I have heard, this is the case with other

overlap-faults of the Somerset Coaltield ; except, perhaps, where the

seams lie in close proximity and are much contorted.

It appears to me, therefore, that we must come to the conclusion

that these overthrusts in the Somerset Coalfield did not take

place until after all the seams of coal in the Radstock Series had
been deposited ; but, from some cause or other, the rate of overthrust

was continuously lessening above the Bull Yein, as we find that

the amount of overlap diminishes in each seam above this one.

Dead Ground.

In the Itadstock Series, areas are frequently met with, in some of

the seams, where the coal is entirely replaced by soft black shales.

Such areas are known locally as ' dead ground.' So far as I am
aware, no attempt has been made to account for these areas of

' dead ground ' in this coalfield, the prevailing idea being that

they are ' wash-outs,' that is to say, that the coal has been washed
away by currents of water previous to the deposition of the roof

above it. From observation in the mine I am led to believe that

the areas of dead ground are not wash-outs, but that they have
been produced by the differential movement of the strata, which also

originated the overthrusts before mentioned.

If they were wash-outs, we might expect the space washed out

to be occupied hy the same strata as those which form the roof ; but
in almost every instance the place of the removed coal is occupied

by the same material as that which constitutes the floor, namely, soft

black shales. The points of contact also of the coal and dead
ground do not suggest wash-outs (see fig. 2, p. 614). The areas are

usually irregular in shape, but when surveyed are generally quite

1 See Greenwell & McMurtrie's ' Radstock Portion of the Somersetshire
Coalfield ' 1864, p. 18 ; also J. McMurtrie, ' Geological Features of the Somerset
t Bristol Coalfields ' Trans. Inst. Min. Eng. vol. xx (1901) p. 331.
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unlike the course of a stream. Many of these areas contain isolated

patches of coal in them.

Dead ground occurs more frequently in the vicinity of faults

(although it is sometimes met with at long distances from them) ;

moreover, it often takes a course more or less parallel to faults, and
especially overthrust- faults.

Sometimes, in close proximity to dead ground the coal-seam

presents an abnormal thickness, consisting of layer on layer of coal

piled one above the other (see fig. 3, p. 614). Such areas of thick

coal are sometimes extensive, and it is not uncommon in some collieries

for a seam 2 feet thick suddenly to attain 5 or 6 feet in thickness.

Por instance, at Braysdown Colliery the Great Vein (which is the

thickest seam in the Radstock Series, having an average thickness

of 28 inches) has been observed suddenly to reach a thickness

of 6, 10, and 15 feet, continuing so occasionally for a considerable

distance and then quite suddenly reverting to its original thickness,

or more often disappearing entirely, dead ground taking its place.

It is a general rule that thick coal is nearly always preceded

or followed, sooner or later, by either unusually thin coal or dead

ground.

An instructive and remarkable fact which has been observed at

Braysdown Colliery is, that in the Radstock Series the dead
ground occurs only, in the majority of instances, in those seams
of coal which lie on a floor of soft black shale, known locally as
' blacks' ; whereas where the floor and roof are formed of hard rock

no dead rock is met with. This is especially noticeable in regard to

the Bull Vein, which lies almost immediately upon a hard fireclay

floor; there little dead ground is found. In the place of dead
ground, however, large areas of very thin coal are common in faulted

districts in the Somerset Coalfield.

The case of the Top Little Vein is still more interesting, for this

seam consists (see fig. 2, p. 614) of a bed of coal 13 inches thick, lying

on a bed of soft black shale about 1 foot thick, with a thin band of coal

beneath about 4 inches thick, which in its turn lies immediately

on a hard fireclay floor. This seam, therefore, really consists of two
beds of coal, the one above lying on soft shale, the one below on
hard fireclay ; and it is a remarkable fact that large areas of dead
ground are constantly displacing the ' top' coal-bed ; but throughout
these entire areas the ' bottom ' coal-bed lying on the hard floor

nearly always remains intact.

"Where ' thin coal,' * bad ground,' or ' dead ground ' has been met
with in one seam in this district, the same state of affairs may
be expected as a rule in the next seam, vertically above or below,

in the same place or its neighbourhood. There are exceptions

to this, but it has been proved over and over again to be the general

rule. We may take one example. Recently the Great Vein
proved to be very thin and irregular, with frequent intervals of

dead ground in a certain locality for a long distance. Subsequently
the Middle Vein, some 27 yards below, was opened out under the

same places where the Great Vein proved so badly, and almost
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exactly the same circumstances were met with throughout the entire

area : that is, the same irregular and thin coal and the same intervals

of dead ground vertically below the corresponding accidents in the

seam above. If these abnormal areas were deposited as we find

them, it is surely remarkable for these irregular deposits to occur in

almost the same corresponding place in different seams of coal.

The flat roofs of the coal-seams within the areas of dead ground
are invariably striated, the striae as a rule running north and south.

The termination of coal against dead ground is always smooth
and polished, and often rounded. The same fact is noticed in the

case of the termination of thick coal.

On the Slyving Vein, which has about 1 inch of inferior cannel
on the top of the seam, it has often been observed, where thick coal

has occurred, that the cannel is found on the top of each layer of

coal. If the thick coal had been deposited as such, it is curious

that a layer of cannel should occur on the top of each piece of

coal.

Dead ground is very rarely met with in the seams of the

Farrington Series.

My view is that all these effects have been caused by the gradually

increasing amount of movement of the strata from the top seam
(or Great Vein) to the bottom seam (or Bull Vein), after all had
been deposited. Evidence has already been given of the increasing

amount of overthrust of each seam of the series in the overthrust-

faults which have been noticed. I consider that the effect in

the strata in descending order was to cause friction between the

beds, which must have moved differentially. This friction must
have become more effective along the lines of the coal-seams and
underlying soft shales, these being weak points; and here the effect

has been to scrape the coal away from the under side of the seam as a

rule, causing areas of ' thin coal,' or sometimes entirely removing
the coal, leaving only the soft shales, when it is known as ' dead

ground.' In other localities the same action has packed one and
the same coal in several layers one under the other, and has caused

the polished and rounded ends of the same as shown. This differ-

ential action would account for similar circumstances vertically under

each seam, and would account for the striae on the roofs of the

seams which are always so abundant in these areas. It would
account for the coal-seams nearly always thinning-out from the

under side upward, for although the roof and floor have both moved
in the same direction, still the floor has moved farther or at a greater

rate than the roof, and has therefore rubbed against the under side

of the coal, which (as a result) has thinned out, or been entirely

removed.

Study of the overthrust-faults may also explain the reason

why the coal-seams of the Farrington Series remain so much more
uniform in thickness than those of the Radstock Series, and their

comparative freedom from dead ground. For we have noticed
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that the variation in amount of overthrust in the faults appears to

cease below the Bull Vein : the first seam of the Farrington

Series having the same amount of overthrust as the last in the

Radstoek Series. Therefore, as there has been comparatively little

variation in the relative amount of movement in this series, there

has consequently been little friction between the beds, and as a result

little dead ground, and little thinning of the seams ; while, in con-

trast with this, the Lower Ccal-Measures of the Nettlebridge Valley,

which have been considerably crumpled and distorted, contain

much dead ground.

Discussion.

The President expressed his appreciation of the careful observa-

tion of facts and cautious inference from them, evinced by the

Author of this paper, which afforded fresh evidence in support of

the opinion that it is in the study of minor and local phenomena
that we may eventually find the clues to the interpretation of the

grander deformations which affect vast tracts of country. He had
himself often urged that in all likelihood the majority of the under-

ground abnormalities in British coal-seams generally, such as the

so-called ' wash-outs,' ' horsebacks,' etc., the local thickenings and
thinnings, and the occasional temporary disappearance of coal-

seams, might be due merely to subsequent deformation ; but few
mining men were as yet willing to concede this. It was to be hoped
that the publication of the Author's results would prompt others who
had met with corresponding phenomena in coal-workings to bring

forward similar papers, and place the facts on record for the benefit

both of geology and of economics.

Prof. Boyd Daweins welcomed the paper, and fully accepted the

conclusion that the phenomena described are the result of over-

thrust-faulting in this district, which is traversed by the Axis of

Artois of Godwin-Austen. Along a line reaching from the South
of Ireland on the west, to the Boulonnais and beyond on the east,

similar overthrusting is conspicuous. In the Boulonnais it is illus-

trated by the fact that in one section the Devonian rocks have been
thrust over the Coal-Measures, in which three seams of coal have
been won, by shafts through the above rocks. In the whole of this

region the absence of seams of coal from their natural position

was mainly, if not entirely, due to overthrust. In other regions,

however, as in the Forest ofDean and the South Yorkshire Coalfield,

the absence of coal-seams was due to the cause usually assigned

—

the action of water traversing the Carboniferous morasses (now
coal-seams), and depositing sand and mud, now sandstone and
shale, in these old channels.

Prof. Groom said that facts gleaned from the adjacent area of

the Forest of Dean seemed to lend support to the Author's con-

tention that the so-called ' wash-outs ' in Somerset were due to

dislocations. Mapping on the eastern side of the Dean-Forest Coalfield
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showed that a pair of trough-faults had let down a portion of the
coalfield, and had given rise to appearances which had been inter-

preted as due to an unconformity in the Coal-Measures. One of

these faults was parallel to the south-western margin of the basin,

and to the ' Horse,' and if continued would pass close to the latter.

The l Horse ' was perhaps the best-known example of its kind in

the British Isles. Its existence had been attributed to contempo-
raneous fluviatile denudation, but Mr. Arnold Thomas, F.G.S., had
informed the speaker that the side of that portion with which he
was familiar, so far from presenting the appearance of a river-bank,

showed a clean-cut slickensided surface : he had, moreover, proved
the existence of coal—presumably the seam that was being worked
at the time—beneath the level of the workings, and thought that

the ' Horse ' was probably due to a pair of trough-faults.

Sir Archibald Geikie remarked that the progress of investiga-

tion in recent years had shown that overthrusts are of much more
frequent occurrence than had previously been surmised. They
occur even in districts which would not have been thought to have
undergone any marked amount of disturbance. He had lately

found them by no means infrequent in the various subdivisions of

the Carboniferous System in Fife. And they have been shown not

to be confined to our older formations, but to be well marked even
among the Cretaceous formations of the South of England. He
thought it quite possible that some structures, which had been
otherwise interpreted, before the prevalence of overthrusts had
been realized, might be explained by faulting of this kind ; though
there could be no doubt as to the existence of many proofs of contem-
poraneous erosion, to which such an explanation would not apply.

It was by such detailed observations and measurements as had been
furnished by the Author of the paper that these disputed questions

could best be settled.

Mr. Strahan thought that the Society was indebted to the

Author for the care with which he had made observations under
the difficulties inseparable from mining work. He agreed in the

main with the Author's conclusions. No one probably would deny
the existence of true ' wash-outs ' in the Coal-Measures. All the

phenomena of contemporaneous erosion had been observed in more
than one district. He (the speaker) had himself seen repeatedly

in a neighbouring district evidence of movement along bedding-

planes, or along planes diverging but slightly from the bedding.

Shale-partings between coals had been sharply puckered, or bands of

coal rendered schistose, while the beds above and below remained

unaffected. Open quarries showed overthrusts in coal-seams

ranging from a few inches to upwards of 20 yards, and the

doubling or even trebling of the seams. In other places the coal

had been squeezed out for several yards, leaving an area of dead

ground, such as that described by the Author. He suggested that

the tendency of the overthrust to decrease towards the surface

might be due to its splitting into subsidiary planes of overthrusting

along the coals of the Radstock Series.
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The Author said, iu reply, that the rapid, decrease in amount of

overthrust and vertical uplift from the bottom coal-seam to the

top one ;n the Eadstock Series, as exhibited by the large overthrust

at Eadstock and the smaller ones at Braysdown, was a difficult

problem, and he did not suggest that the ideas brought forward in

his paper would meet all the difficulties of the case. Similarly with

regard to the question of ' dead ground,' he did not suggest that

this phenomenon was in every case due to earth-movements, and
that there were no true ' wash-outs,' especially in other districts.

But, in this particular locality, the evidence of the polished and
often rounded termination of coal against ' dead ground,' the striae

on the roofs within the affected areas, the differential movement of

the strata as shown by the overthrusts, together with the other

evidence which had been brought forward, pointed to the conclusion

that in the great majority of cases the ' dead ground,' ' thick coal/

and ' thin coal ' were due to these differential earth-movements.

He thanked the Fellows very much for the kind way in which
they had received his paper ; and he desired to thank Mr. H. B.

Woodward for reading it, and for the kindly interest which he had
shown in it throughout.
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I. Introduction.

Much work has already been done on the pebbles and larger

fragments of rock of the Budleigh-Salterton Pebble-Bed, but little

or none on the finer material forming the matrix of this most
interesting deposit. It occurred to me that a microscopic investi-

gation of this finer material might bring out a few points of geological

as well as mineralogical interest. Therefore it has been my en-

deavour to make as complete a mineralogical analysis of the sands

as possible.

Specimens were collected at intervals along the strike of the

Pebble-Bed, from Budleigh Salterton on the southern coast of Devon
to Fitzhead, north of Milverton, in Somerset ; other sands, for com-
parison, were taken from the Red Bocks above and below.

After treatment with. acids, so as to remove the coating of iron-

oxides from the grains, the sands were separated by means of

heavy liquids into three parts :

—

(«) Heavy residue, with a specific gravity greater than 2 -

80.

(b) The hulk of the Quartz : and
(a) Heavy residue, with a specihc gravity greater tha

(b) The bulk of the quartz ; and
(c) The lightest part, with most of the alkali-felspar.

II. Petrography of the Sands : Description and Distribution

of the Mineral Species.

At the southern end of the outcrop of the Pebble-Bed, the matrix

consists of incoherent material, each sand-grain being covered with

a coating of red iron-oxide. On tracing the deposit northward,

however, to the borders of Somerset, the bed loses much of its red

colour, and in this area, owing to the presence of many masses of

Culm-Measure limestone in the vicinity, the grains are cemented in

a calcareous matrix, the deposit ultimately taking on the form of

the Dolomitic Conglomerate.

The sands contain, on the whole, a very small percentage of

mineral-grains the specific gravity of which is greater than 2*80

;

while the ratio of material over 2*58 to that under 2-58 is about

70 or 80 per cent, to 30 or 20 per cent. In some cases the

heavier material rises to as much as 88 per cent, (at Milverton).
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The following is the percentage of material of specific gravity

greater than 2*58, at various localities along the outcrop of the

Pebble-Bed, taken from south to north :

—

Per cent.

Budleigk Salterton 75
Fair Mile, near Tallaton 73
Uffculm 71
Burlescombe -78

Milverton 88
Fitzhead 83

It is interesting to note that the percentage of heavy material

and the percentage of light material are almost constant throughout

the thickness of the bed at Budleigh Salterton, being 75 and 25
respectively. This, unfortunately, was the only locality where
there was a section from which I could be sure of collecting a

series of samples at regular intervals, from the top to the bottom of

the deposit. Eounding of the grains has taken place, but the

degree of rounding is by no means constant, even, in the same
sample. However, taking into consideration any one
mineral, we notice that the rounding becomes more
complete as we travel from south to north.

The chief mineral species that occur in the sands forming the

matrix of the Pebble-Bed, arranged according to their crystal-

systems, are :

—

Cubic. Tetragonal.

Fluorspar. Anatase.

Garnet. Cassiterite.

Magnetite. Eutile.

Zircon.

Bhombohedral'.

Apatite. Orthorhombic.

Ilmenite. Brookite.

Tourmaline. Sillimanite.

Quartz. Staurolite.

Monoclinic. Triclinic.

Biotite. Cyanite (disthene).

Muscovite. Microcline.

Orthoclase.

Sphene (titanite).

Under the head of amorphous minerals and compound grains

may be mentioned :

—

Felsite, quartzite, and chert.

Shimmer-aggregates, pinite, and mica-schist.

Leucoxene, and other decomposition-products.

The following comprises a description of the species and grains

mentioned above, giving in some instances the chief characters by
which the minerals were identified.

Fluorspar.—This mineral occurs in colourless isotropic grains,

usually angular, with the octahedral cleavage {111} well shown.

They reach a size of 0*40 millimetre in greatest length. The index
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of refraction is low, and this character is useful for purposes of

identification.

Fluorspar has been found in the sands from Berry Head l to the

west of Torbay, from Budleigh Salterton, and Woodbury Castle ; but

,
it has not been noticed in the Pebble-Bed north of the last-named
locality, nor does it seem to occur in the so-called 'Permian Breccias/

or in the beds above the Pebble-Bed.

Garnet.—The garnets of these sands occur in irregular but
somewhat rounded isotropic grains, usually not more than 0-25 milli-

metre across, but sometimes reaching as much as 0*30 millimetre.

They are of a pale pink colour, and if in large crystals would
undoubtedly have been of a very deep red. Crystal-outline is

generally wanting.

In the Pebble-Bed they are confined to the North of Devon and
Somerset, occurring only along the line from Uffculm northward to

Fitzhead. They have not been found to the south, but are common,
in fact abundant, in all the red beds above the Pebble- Bed.

Anatase'2
(PI. XXXII, figs. 1-5).—This mineral occurs in

minute, but usually perfect, colourless, transparent tetragonal

crystals (rarely exceeding O10 millimetre in greatest width). The
habit is in most cases tabular, the base being large and the

pyramids narrow.

An optically negative axis emerges normally to the basal

plane (001). Many of the larger grains are turbid and of a yellow-

brown colour : this turbidity seems to be due to a superficial

decomposition, possibly resulting in the formation of rutile.

One example only of an octahedral crystal
3 has been noted, and

that from the sand of Fitzhead. The basal plane on this crystal

was very small.

This mineral is not very plentiful in the Pebble-Bed, but is

fairly constant in its occurrence. It is more plentiful in the sands of

the Upper Bunter, where it occurs with the same tabular habit.

Rutile 4 (PI. XXXI, figs. 10-13).—This mineral is very preva-

lent throughout the whole of the Pebble-Bed, and is no less common
in the beds above and below. Simple crystals are seen to consist

of the simple tetragonal prism {110 j- capped by a pyramid {111}.

The commonest occurrence, however, is in the form of rounded

prisms with indistinct terminations, and grains.

The colour is from yellow to amber-red or brown.

The mineral is often twinned, these twins being mostly poly-

1 This sand exists as an outlying patch in a fissure in Devonian rocks ; from

analogy in composition to the finer material of the Pebble-Bed, I should suspect

it to be made up of resorted material derived from that deposit.
2 W. F. Hume, ' Chem. & Micro-mineralog. Kesearcb.es on the Upper Cre-

taceous of S. England » 1893, p. 97 ; J. J. H. Teall, ' Brit. Petrogr.' 1888,

pi. xliv, fig. 6.
3 H. L. Bowman, Mineral. Mag. vol. xii (1900) p. 362.
4 J. J. H. Teall, ' Brit. Petrogr.' 1888, pi. xliv, fig. 4.
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synthetic (figs. 11 & 12), or more rarely geniculate (fig. 13). The
long axes of the individuals make an angle of about 65° one with

the other. Inclusions are not common.
Although this mineral, as has been stated, is common all through

the Eed Rocks, it is more plentiful to the north of Uffculm.

Cassiterite is difficult to distinguish from rutile, but it

occurs in small quantity in the heavy residues from some of these

sands. There seem to be two modes of occurrence : (i) in pale-

yellow, well-shaped crystals, and (ii) in more or less rounded
brownish grains.

The crystals are generally short tetragonal prisms, with an
ordinary pyramid. A basal plane is usually present. The grains

and crystals differ considerably from the rutile in the same sample.

The prism seems to be less elongate, the colour is paler, twinning

is less frequent, and the lustre is submetallic.

The crystals have been compared with stream-tin from Devon, in

order to establish their identity.

This mineral so far has only been obtained from the sands north

of Uffculm, and does not appear to be present in the sands south

of that locality.

Zircon 1
(PI. XXXI, figs. 1-9).—Zircon is one of the most

abundant minerals in the heavy residues of these sands, and occurs

generally in colourless, highly refracting prisms, in all essentials

identical with those so commonly met with. The crystals seldom

attain a length of more than 025 millimetre.

An interesting form has been discovered by my friend, Mr. J.

B. Serivenor, in the heavy residue from Fitzhead. It consists of a
* capped' crystal (PI. XXXI, fig. 3)

2
, the two individuals being

connected by their basal planes and in perfect optic continuity.

This is the only example of the kind that has been met with.

The basal plane (001) is a rare face on microscopic zircons, but

it has been noticed to be fairly common on the crystals from
Burlescombe, Milverton, and Fitzhead. Although this mineral is

usually colourless, a pink variety occurring in stumpy prisms, capped
seemingly by a simple pyramid, has been noted from Xewton
Poppleford in Devon (fig. 9). Colourless, and pale-brown stumpy
crystals also occur. These last-mentioned varieties have all the

optical properties of zircon, and evidently belong to that group : if,

however, they are not true zircons, they must belong to an allied

species, possibly xenotime. 3

Many crystals of zircon show a beautiful zonal structure, which is

very characteristic.

Inclusions in this mineral are common, and are seen to consist

of colourless needles, probably apatite, and of a dark-brown,

highly pleochroic mineral, crystallizing in stumpy prisms, with

1 J. J. H. Teall, ' Brit. Petrogr.' 1888, pi. xliv, fig. 1.
2 A. B. Dick, < Nature' vol. xxxvi (1887) p. 91.
3 O. A. Derby, Mineral. Mag. vol. xi (1897) p. 308.
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straight extinction. These seem to be rhombohedral, but as yet I
have come to no definite conclusion regarding the mineral species to

which they belong. Negative crystals are common, as also are gas-,

and fluid-cavities. The inclusions and cavities usually occur along
definite lines, which are either parallel to the prism, to the pyramid,
or to both.

With regard to the distribution of this mineral, it is abundant
everywhere ; but the zircons with the basal plane well-developed
are more common in the sands north of Uffculm, than from localities

farther south.

Ilmenite.—This mineral was probably abundant, for leu-
coxene is a prevalent constituent, and may replace original black
grains, of which only a few are left.

It is opaque, or only slightly transparent, but of a whitish-yellow
or greenish-brown colour by incident light. It has a granular
structure, and the grains are usually round.

Micaceous ilmenite 1 occurs in minute flat plates of a
bright reddish-brown colour, enclosing rutile-needles arranged
symmetrically at angles of 60c one with the other, taking on the

form of sagenite.

Here it might be well to mention another ore of iron which also

occurs in some cases, and that is a deep red mineral in thin flakes,

made up of minute spheres with a radiate structure: Each sphere

gives a perfect black cross between crossed nicols. It is probably a

form of haematite.

Tourmaline- (PI. XXXI, figs. 14-17). — This mineral is

abundant in all the residues, and occurs in various forms. The most
plentiful are stumpy crystals, consisting of a prism terminated by

the simple rhombohedra p {100} and /j. {100}. In these the pleo-

chroism is intense but variable, even in one and the same crystal, the

dominant colour being brown. The true form of these crystals

is somewhat obscured by the rounding which the majority have
undergone ; iudeed, some are almost spherical.

At the southern end of the Pebble-Bed outcrop they reach 0*25

millimetre in diameter, but are smaller in the north. Another
variety occurs, of a rich blue colour, in radial aggregates of

acicular crystals (PI. XXXII, fig. 8). Inclusions usually consist

of minute opaque grains, without crystal-outline.

It is worth noting that the blue tourmaline, which is so

common in the so-called ' Permian Breccias,' and also occurs in

moderate amount in the sands both above and below the Pebble-Bed,

is extremely rare in the Pebble-Bed itself. Only a grain or two has

been met with in samples from the southern portion of the outcrop.

It is, however, more plentiful in the Pebble-Bed sands north of

Uffculm.
1 H. Eosenbusch [transl. Iddiugs], ' Microscop. Physiogr. of Kock-rnaking

Minerals ' 4th ed. (189S) p. 166.
2 J. J. H. Teall, ' Brit. Petrogr.' 1888, pi. xliv, fig. 3.
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Quartz.—The grains of. this mineral vary considerably, both in

size and in their degree of rounding. The more angular, however,

seldom exceed 0*6 millimetre, and the perfectly rounded ones are

seldom more than 0-5 millimetre in diameter.

Secondary growths of silica on the grains have not been met with,

but Dr. Irving * records it as of common occurrence in the sands

above the Pebble-Bed.

Fluid-cavities are common, occurring both in lines and irregularly

distributed through the grain. Inclusions are numerous, and
consist of tourmaline, usually blue, and often arranged in

radiating 'masses simulating luxullianite ; r utile and apatite,
in fine needles ; and what I take to be sillimanite, 2

in colourless

fibrous crystals.

^luch of the quartz gives undulose extinction.

Brookite (PI. XXXII, fig. 6).
:J—This mineral is rare in the

Pebble-Bed of this district, and has been found only as far north as

Xewton Poppleford. It is associated with anatase. In the Upper
Bunter 4 Sands of Ladram Bay, west of Sidmouth, it is seemingly

more common.
It occurs in small, tabular, rhombic crystals (0*15 millimetre),

flattened parallel to the face (100). This face is characteristically

striated, parallel to the vertical axis. A positive bisectrix emerges

at right angles to the tabular face. The index of refraction is high,

and the double refraction strong. The crystals have a pale yellow

colour with feeble pleochroism. The lustre by incident light may
be said to be submetallic.

Staurolite 5
(PI. XXXII, fig. 7).—This mineral is of a yellow

to amber-red colour when the grains attain much thickness. It

occurs in angular and rough grains up to 0*5 millimetre in greatest

diameter, bounded presumably by the cleavage (010) and that

parallel to the prisms (110). A conchoidal fracture also occurs.

The index of refraction is high, and the pleochroism distinct,

ranging from pale to deep yellow or brown. The double refraction

is strong, and the interference-tints brilliant. Some grains show a

biaxial figure with a positive bisectrix, and an angle between the

optic axes varying between 80° and 90°. The plane of the optic

axes lies in the plane bisecting the acute angle formed by the

intersection of the prismatic cleavages.

The grains are mostly very fresh, there being hardly a trace of

decomposition. Occasionally, however, grains may be seen passing

into a micaceous decomposition-product.

1 Rev. A. Irving, Quart. Journ. Geol. Soc. vol. xlviii (1892) p. 71.
2 H. Rosenbusch [transl. Iddings], ' Microscop. Physiogr. of Rook-making

Minerals ' 4th ed. (1898) pi. xvi, fig. 3.
3 W. F. Hume, ' Chem. & Micro-mineral. Researches on the Upper Cre-

taceous of S. England ' 1893, p. 97.
4 E. Hull, Quart. Journ. Greol. Soc. vol. xlviii (1892) p. 63.
'
J H. Rosenbusch, op. supra cit. p. 201.

Q.J.G.S. Xo. 232. 2x



626 MR. H. H. THOMAS OK THE MINERALOGICAL [Nov. 1902,

In some cases inclusions are numerous, consisting mostly of quartz,

and of opaque black particles of doubtful nature ; other fragments

of staurolite occur which are quite free from inclusions of any kind.

This is one of the most abundant of the heavy minerals in the

Pebble-Bed, forming fully 20 per cent, of the heavy residue in the

Budleigh-Salterton area; but it gradually decreases in quantity

northward, till at Fitzhead in Somerset the percentage is relatively

small. The greatest percentage was noted from the sand of Berry
Head (footnote, p. 622). This mineral is mainly confined to the

Pebble-Bed, although a few grains do occur both above and below
that horizon.

1

The Micas.

White mica is fairly abundant, and occurs in colourless flakes,

usually about 0*45 to 0*50 millimetre across. A negative bisectrix

emerges normally, but the angle between the optic axes is variable.

Much of the mica gives undulose extinction. Inclusions are common,
and consist of zircon in well-shaped crystals, needles and knee-

shaped twins of r utile, and fine, colourless, curved and branched
needles of obscure nature (Newton Poppleford).

Blue and brown pleochroic needles of tourmaline are also

common, which lie in intersecting rows and radiating groups. Pleo-

chroic halos may be noticed rarely round the more minute inclusions.

Brown mica is not very abundant, but its presence has been

proved in many of the sands by the flakes of gelatinous silica,

left after treatment with acids. Where the mineral has escaped

decomposition, it is of a pale-brown colour with intense pleochroic

halos round inclusions.

The micas, so far as one can judge, seem less abundant in the

Pebble-Bed than in the beds above and below it.

Felspars.—The majority of the felspar is of the ordinary potash

variety orthoclase; some microcline, however, occurs, easily

recognized by its characteristic cross-hatching. Decomposition has

in many cases gone on to such an extent that the grains have lost

most of their original characters. Even the freshest grain is

usually much clouded by decomposition-products. The orthoclase
sometimes shows the characteristic Carlsbad twinning, but no

undoubted plagioclase has been met with.

Felspar is fairly abundant in the Pebble-Bed sands, reaching, as

far as one can estimate it, about 6 per cent, of the total mass.

Spheue occurs in rounded, irregular, feebly transparent, brown
grains, reaching 0*20 millimetre in diameter, which are traversed by
rough cracks. The pleochroism is poor. This mineral is not very

common, but is fairly constant in its distribution
;

it occurs also in

the Upper Bunter and Keuper Marls.

Grains have been noticed, enclosed in a highly refracting crypto

-

crystalline mass which exhibits a rudely radiate structure. This

enclosing material is probably a decomposition-product.

1 It may be recollected that staurolite has been found in the dune-sands of

Holland.
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Cyanite. 1—This mineral occurs as the unaltered colourless cores

of some of the shimmer-aggregates (see below) which are so common.
The cleavage is distinct, the refractive index high, and some grains

show in convergent light a negative bisectrix perpendicular to the

good cleavage (100).

Compound Grains.

As might be expected in a deposit of this nature, compound
grains are very prevalent. They consist of the following :

—

Quartzite, which occurs in more or less rounded grains ; it is

of a fine texture, and may be referred to the quartzite that forms

the mass of pebbles of which the bed is chiefly composed.

Chert in rounded grains.

Felsites in cryptocrystalline masses, sometimes showing micro-

pegmatitic structure.

Mica-schist in rounded or oval grains, consisting largely of

white mica with a parallel arrangement. In some cases a well-

marked knotted structure is noticeable. Included minerals are

common, and consist of rutile and tourmaline in fine needles, grains

of staurolite, as well as many other minerals which, owing to their

minute size, are difficult to identify.

Shimmer- Aggregates. 2—These aggregates, which consist of

a felted cryptocrystalline mass of a white micaceous mineral, with

no parallel structure to speak of, are one of the commonest
constituents of these sands. They are crowded with inclusions of

great variety. These aggregates are evidently decomposition-

products from aluminous silicates, probably from cyanite, andalusite,

and possibly others.

Cyanite has been recognized as an unaltered core in some cases,

while altered andalusite from the Skiddaw Slates presents an exactly

similar structure.

Among the inclusions the following may be observed :—zircon

in its usual form, tourmaline and rutile in fine needles, crystals

and grains of magnetite, and grains of staurolite and sphene.

Thin hexagonal and rounded grains of a reddish-brown mineral

also occur, and in some instances are very plentiful : it is probably

a garnet, possibly melanite.

These shimmer-aggregates are slightly more abundant in the

south.

Finite. 3—Cryptocrystalline aggregates of a green micaceous

mineral, usually not more than 0*30 millimetre across, have been
noted ; but they are rare.

They include grains of an opaque mineral, probably some ore of

iron, and from their general characters would seem to be a

decomposition-product of some mineral, probably cordierite. No
unaltered cordierite has been met with.

1 J. J. K. Teall, ' Brit. Petrogr.' 1888, pi. xliv, fig. 2.

2
G-. Barrow, Quart. Journ. Geol. Soc. vol. xlix (1893) p. 349 & pi. xvi, fig. 5.

3 H. A. Mievs, Mineral. Mag. vol. xi (1897) p. 283, and A. Lacroix,
' Mineralogie de la France ' vol. i (1893-95) pp. 517-18.

2x2
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III. Possible Directions of the Sediment-bearing Currents,
and Sources of the Mineral-Grains.

There are many peculiarities in the distribution of the foregoing
minerals, which point more or less distinctly to the direction in which
the material was carried. Prom these we may, I think, deduce the
existence of a southerly main current, over the whole line from
the southern coast of Devon to Pitzhead in Somerset, a distance of

about 30 miles; and at the same time it will be seen that this

main current was joined to the north of UfFculm by a minor current
probably from the west.

The evidence for the foregoing statement is as follows :—Takin°-
into consideration the percentage of material with a specific gravity
greater than 2-58 (see p. 621), we see that from 75 per cent, at

Budleigh-Salterton it falls gradually northward until at Uffculm
(20 miles to the north) the percentage is 71. It now begins to rise,

and continues to do so until it reaches as much as 88 per cent, in
the neighbourhood of Milverton in Somerset, north of which the
percentage again falls. The gradual diminution of the percentage
of heavier material as we pass from south to north, would in itself

suggest a transport of material in that direction ; while the rise in
the neighbourhood of Burlescombe would point to a fresh influx of
material. This view is strengthened by the distribution of the
individual minerals. Por instance, staurolite, which is so plentiful

in the extreme south, diminishes considerably in quantity in the
more northerly part of the outcrop of the Pebble-Bed, and a gradual
diminution in the size of the rounded tourmaline-grains has been
noted in the same direction. Pluorspar does not extend north-
ward farther than about 4 or 5 miles from the coast. Associated
with the rise in percentage of the heavy material at Burlescombe
and- the other localities near, an assemblage of minerals occurs which
differs markedly from that of the normal, more southerly type.

Several minerals, such as garnet and cassiterite, make their
appearance for the first time, and the blue variety of tourmaline
becomes more common. It thus seems probable that the main
current was from the south, which is in accordance with the
conclusion arrived at by Mr. Ussher ' from a study of the distribution

of the pebbles.

The confluent westerly current is simply one of many minor
currents such as are met with in any drainage-system.

When we consider what are the minerals which have been
recorded, we can hardly refrain from concluding that an area
differing widely from any in the South or West of England must
have been undergoing denudation to supply them. The occurrence
of minerals such as staurolite, cyanite, sillimanite, microcline and
probably cordierite, and the prevalence of ' shimmer-aggregates,'
suggest some great metamorphic area as the source of much of the
material. So far as is known at present, staurolite does not occur in
the metamorphic rocks round the Devon-Cornwall 2

granite-masses.
1 Mem. Geol. Surv. ' Exeter' 1902 (in the press). See also W. A. E. Ussher

Quart. Journ. Geol. Soc. vol. xxxiv (1878) pp. 246-47.
2 K. Busz, Neues Jahrb. Beilage-Band xiii (1899) p. 90.
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An examination of the Pliocene sands from St. Erth and St. Agnes,
in Cornwall, which contain local minerals x such as andalusite,

cyanite, cassiterite, and "brown and blue tourmaline, shows that

staurolite is extremely rare or absent; and in view of the

essentially local origin of these sands, it should be present if derived

from a local source. It seems, therefore, that we must look to

some other area to supply us with staurolite. Evidence already

given points to a southerly source, and the question arises what
land-area existed at the time capable of supplying it.

In Triassic times, the Armorican massif is generally believed

to have been high land. That it formerly extended much farther

north-westward is also probable. Indeed, most geologists hold the

view that the present Armorican peninsula was connected with
the South-west of England. 2 In the schists and gneisses of

Britanny 3 and of the North-west of France generally, rock-masses

occur in which staurolite is fairly abundant. This area therefore,

or its northerly extension in Triassic times, seems to be the probable

source of the staurolite, and many of the other heavy minerals

associated with it.

It seems likely that the brown tourmaline is partly of local

origin, and partly derived from a more distant area. This would
account for the different degree of rounding noted in grains of

identical size. The idea of a distant origin is possibly strengthened

by the fact that Mr. E. B. Wethered 4 seems to have obtained

detrital tourmaline from rocks of Middle Devonian age, which were
deposited prior to the intrusion of the tourmaline-bearing granites

of the West of England.

The blue tourmaline was probably derived from the metamor-
phosed sedimentary rocks in which it is so common. It is abundant

in the Permian Breccias of the centre of Devon. Much of the

r utile has probably had the same source.

To summarize, therefore, I put forward the following points :

—

(i) That the distribution of material, and individual mineral

species, indicates a main southerly sediment-bearing

current, joined by a westerly minor current, which makes
itself apparent about 20 miles north of the coast,

(ii) That a mass of material was furnished by a highly meta-

morphosed area, and that this differed widely from any
now exposed in the South-west of England,

(iii) That the probable source of much of the material was the

Armorican massif of Triassic times, and the high land of

Devon and Cornwall to the west, feeding the southerly and
westerly currents respectively.

In conclusion I wish to express my thanks to Mr. Ralph Morgan,

of Exeter, for his kindness in supplying me with many samples of

New Bed Sands from Devon ; to Prof. Sollas, for the kindly interest

1 J. J. H. Teall, ' Brit. Petrogr.' 1888, pp. 386-87.
2 A. de Lapparent, ' Traite de Geologie' 4tk ed. (1900) p. 1004 (map).
3 A. Lacroix, ' Mineralogie de la France ' vol. i (1893-95) p. 6,

» Quart. Journ. Geol. Soc. vol. xlviii (1892) p. 383.
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which he has taken in my work ; and to Mr. C. J. Bayzand, of the

University Museum, Oxford, for preparing the drawings for the

plates which illustrate this paper.

EXPLANATION OF PLATES XXXI & XXXII.

Plate XXXI.

Figs. 1, 2, 5, 6, 7, & 8. Zircons showing various forms. X 150 to 200 diameters.

Fig. 3. 'Capped zircon' (from a drawing and photograph by Mr. J. B.

Scrivenor). X about 200.

4. Zircon with basal plane (001). From Burlescombe. X about 150.

9. Pink stumpy zircon or xenotime (?). X about 150.

10. Simple crystal of rutile. X about 200.

Figs. 11 & 12. Polysynthetic twins of rutile. X about 150.

Fig. 13. Knee-shaped twin of rutile. X about 150.

Figs. 14-1 6. Crystals of tourmaline (brown). X. about 200.

Fig. 17. Basal section of tourmaline, perpendicular to the optic axis. X about

200.

Plate XXXII.

Figs. 1-5. Tabular crystals of anatase, showing the large base and narrow
pyramids. X about 225 diameters.

Fig. 6. Crystal of brookite from the Upper Bunter of Ladram Bay. X 250.

7. Grains of staurolite, from a microphotograph. X 50.

8. Group of rudely radiating blue tourmaline, from the Permian
Breccias (from a microphotograph). X about 150.

Discussion.

Prof. Sollas said that the Author had spent much time and labour

iu working out the material of the Triassic sands : he had deter-

mined the minerals, some not always easy to recognize with

accuracy ; and his generalizations, when they were not positive facts,

were at least extremely probable. He had adhered to one horizon

in his examination of the sands, and this lent additional force to his

conclusions.

Mr. H. B. Woodward remarked that it was always a source of

satisfaction to be in harmony with previous observers. According

to J. W. Salter, many of the Budleigh-Salterton pebbles were
derived from Normandy ; while Mr. Ussher had observed that north

of Burlescombe the Triassic conglomerates were of local derivation.

These views received support from the Author, who had initiated a

very important line of research.

Mr. Geeexly felt an especial interest in this paper, because among
the other problems of Anglesey was one concerning certain ' Bed
Ptocks.' Such evidence as was at present available went to show,

on the whole, that these were probably of Triassic age, but the

exposures were very limited. The very interesting and novel results

obtained by the Author encouraged him to hope that the defects

of stratigraphical evidence might yet be supplemented by petro-

graphical data ; and that it might, after all, be possible to arrive

at satisfactory conclusions concerning the relations of these rocks to

the underlying Coal-Measures, and to the Bed Bocks of the Vale of

Clwyd and the Western Midlands.

Prof. Geoom said that he was glad to see so interesting an appli-
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cation of a method of research devised by Prof. Sollas. The mere
thickness of beds was an imperfect indication of the source of the

material. Thinning might take place either towards, or away
from the source ; and in many cases the thickness appeared to be a

measure of the rate of depression, rather than an indication of

proximity to the source of supply. From a consideration of the

nature of the materials, the Author had made it probable that the

main source of supply of the Lower Triassic beds of South-western
England had been the southern part of the Armorican Eange, now
largely denuded away. He had also recognized the incoming of

new materials immediately to the south of the old buried east-and-

west ridge which divided the Triassic basin of the Midlands from
that of the South-western area, and against which the members
of the Trias overlapped on each side. This gentle ridge—a relic

of the northern portion of the Armorican Eange—although largely

covered by Keuper Marls, appeared to have persisted in part to a

later date, and it seemed possible that it might have furnished some
of the materials of the Triassic deposits in the trough to the south.

The Peesident expressed his pleasure at finding that the study

of the finer materials of the English pebble-beds had now begun
in earnest, and that the Author had already reached results

which were of such value and interest. Hitherto, Midland geolo-

gists, who looked upon the Trias as their especial formation,

had been content to draw their conclusions respecting the probable

source or sources of the Triassic sediments from the study of the

pebbles and the larger rock-fragments, and this paper marked
a new epoch in this kind of geological research. It was grati-

fying to note that the Author inferred, from his study of the

microscopic materials, the same general direction of south-to-north

travel as had long since been inferred for the Triassic pebbles of the

South of England by J.W. Salter, Prof. Bonney, and others. Midland
geologists, however, claimed that ridges existed in the Midlands in

Triassic times, from which some of their local pebble-beds and sand-

stones had been derived ; and it was interesting to see, from the

Author's results, that the view of the derivation of all, or practically

all. the materials from lost Armorican ridges below the English

Channel or in Britanny ought not to be too closely pressed.

Indeed, there was much to be said in favour of the view that some
of the lost pre-Triassic Midland ridges were made up of rocks of

Armorican type.

The Atjthoe thanked the Eellows for their kindly reception of

his paper, and referred to the great value of Prof. Sollas's method
of mineral separation, by means of which much of his work had
been done. With reference to the red rocks of Anglesey mentioned

by Mr. Greenly, the Author stated that he had not examined them,

but that, as in the West of England, it was possible to draw a broad

miDeralogical distinction between the Permian, the Pebble-Bed, and
the Bed Bocks of higher horizons, this might also be possible in

other areas. In reply to Prof. Groom, the Author said that he had

been so far unable to prove that any characteristic mineral had

been derived from the ancient ridge of land to the north.
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I. Introductory.

The Red Sandstone Series, ranging along the coast eastward from
Peel to Will's Strand, is faulted into the Ordovician massif of the

Isle of Man, and so covered with Drift that the only clear sections

are to be found along the line of cliff, and in the quarries at

Ballaquane. There is, therefore, little reason for surprise that

it should have been assigned to various geological horizons. It

has been referred to the Old Red Sandstone by Cumming, to the

Calciferous Sandstones by Mr. Home, and to the Permian by
myself (in a paper read before the Manchester Geological Society

in 1894), and by Mr. Lamplugh in 1896 to the Basement Car-

boniferous. It is so described by him in his Appendix to the

British Association Handbook for 1896 (Liverpool), and is so

represented in the Geological-Survey map of the island, and in

the i-inch Geological Map of England and Wales, both published

in that year. Since 1894, in continuation of my work in mapping
the island on the 6-inch scale, I have collected farther evidence

as to its geological age, and have refreshed my memory by a visit

to the most important localities in the Lake District where the

Permians can be studied. The results of this enquiry are embodied
in the following paper.

II. The Loaver Red Sandstones and Brockrams of

Ballaquane and Creg Malin.

The Red Sandstones exposed in the cliffs at Creg Malin, and in

the quarry at Ballaquane, dip at an angle varying from 37° to 46°,

away from the Ordovician massif of the island, the exposures in
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these two localities extending without a break as far south as the

road to Kirk Michael (see PL XXXIII). They consist of Red
Sandstones containing irregular conglomerates and breccias, more or

less chemically altered, known in the Lake District as Brockram.
They range under the Drift south of the road at Ballaquane to a

distance of 800 feet, where they occur at a watering-place for

cattle east of Ballaquane House.
In the Ballaquane Quarries the following section is exposed :

—

Thickness in feet.

19. Conglomerates and thin sandstones about 25
15. Red conglomerate 1

17. Dull red sandstone, with pebbles 2
16. Red conglomerate 2
15. Bright red sandstone OJ
14. Red conglomerate, with bright red marlstone-matrix... 3
13. Dull red sandstone 2
12. Red conglomerate, irregular 1^
11. Dull red sandstone, irregular 4
10. Red conglomerate , 1

9. Dull red sandstone 4
5. Red conglomerate, irregular 1

7. Dull red sandstone 60
6. Dull red sandstone, with thin marls 21

5. Red conglomerate in two layers, irregular 4
4. Dull red sandstone, mottled grey 30
3. Red conglomerate, composed of pebbles and angular

fragments, irregular 2
2. Bright red sandstone, mottled grey 58
1. Dull red sandstone, with one layer (4 inches) of red

marlstone-pebbles, with mica, red shale, and vein-

quartz 73

295

These strata (rig. 1, p. 634) dip northward at an angle of 37°, and
are 385 feet thick, including the unworkedbeds close to and north of

the quarry. If this dip be maintained in those below them, concealed

under the Drift to the south, 488 feet must be added, making a

total thickness of 873 feet for the Ballaquane Series.

The chief interest in this section centres in the conglomerates

and breccias. They consist of the following materials :

—

c. Coarse grey micaceous sandstone-

r. Red sandstone-pebbles.

c. Purple marlstone, rounded and angular.

c. Purple shale, rounded and angular.

r. Decalcified crinoidal limestone-pebbles.

r. Purple limestone-pebbles.

r. Grey limestone-pebbles.

r. Red chert, angular and rounded.
r. Black chert, angular and rounded.
r. White vein-quartz pebbles.

r. Red quartzite-pebbles.

c. Haematite-pebbles.

c. Chalcedony, mostly angular.

[e = common ; r — rare.]
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Fig. 3.

—

Block of purple shale,

Ballaquane Quarries

These materials are irregularly piled together, and the oblong

masses lie at various inclina-

tions in the Bed Sandstone-

matrix, some with their long

axes vertical. In fig. 3 I

have represented the largest

block in the quarry : it consists

of purple shale, and measures

12 x 8 inches.

These strata strike towards

Creg Malin, where they con-

stitute the cliffs (fig. 2, p. 634).

The details are as follows :

—

4jS<3 d> 600

19.

18.

17.

16.

15.

14.

13.

12.

11.

10.

9.

8.

7.

6a.

6.

ThicJcness in feet.

Conglomerate, breccias, and sandstones (?)

Conglomerate, with red shale-pebbles and blocks 4

Red sandstone 10

Conglomerate and breccias 4
Red sandstone ... 10

Conglomerate, with limestone-pebble* 4

Dull red sandstone, with conglomerates and breccias ... 20

Calcareous breccia (Brockram), with fossiliferous

pebbles 4

False-bedded red sandstone 2

Calcareous breccia (Brockram), with fossiliferous

pebbles 4
Dull red sandstone, mottled grey, false-bedded 55

Irregular conglomerate, with limestone-pebbles 4
Dull red sandstone, mottled grev, ripple-marked, false-

bedded 12

Irregular conglomerate, with limestone-pebbles 4

Dull red sandstone, mottled grev, ripple-marked, false-

bedded : _§o

167

The three lowest beds of the quarries at Ballaquane are here

concealed by the Drift, overlying the rounded, ieeworn strata of

Xo. 4. With the exception of Xo. 6 a, all the other beds are

identical. The pebbles and breccias of the Brockrams, also, are

practically the same. The limestone-pebbles, however, are more
abundant, and the fossils which they contain are in a better state

of preservation.

III. The Bed Sandstones of the Gob and Traie Fogog.

The conglomerates and breccias, described above, dip seaward
(see figs. 1 & 2, p. 634, and PL XXXIII) under dull red sandstones,

with breccias containing blocks great and small of red, micaceous,

maristone and shale, with occasional pebbles of other rocks (No. 20
of figs. 1 & 2). They form the sea-front of the Gob and of Traie

Fogog, dipping north 8° west at an angle of 46°. Their thickness,
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calculated along the line of section, from the north of Ballaquane

Quarries to the Coastguard Station, is 325 feet. They in their turn

plunge underneath bright red, mottled sandstones (No. 21 of fig. 1,

p. 634) with thin marls, at the base of the cliff below the Coastguard

Station. These are some 80 feet in thickness, ranging upward as

far as the lowest bed of the Stack Series in Lhooby Reeast.

1Y. The Upper Sandstones, Brockrams, and Limestones

of the Stack Series.

The calcareous conglomerate-series at the eastern end of Traie

Pogog presents the following section:

—

Thickness in feet.

7. Bright red sandstone and calcareous conglomerates,

with concretions of dolomite embedded in red paste . 20
6. Irregular layer of dolomitized limestone and calcareous

concretions, with conglomerate and red sandstone ... 8
5. Red sandy marl, mottled grey 12
4. Conglomerate, mainly of limestone-pebbles, in a red

sandy magnesian matrix 5
3. Red sandstone 4\
2. Bright red, mottled marls, with grey calcareous con-

cretions 10|
1. Conglomerate, consisting mainly of limestone-pebbles,

in a red sandy magnesian matrix 10

™-

The upper stratum, No. 7, passes into a series of ten thin beds of

concretionary magnesian limestone, so irregularly distributed in the

sandy Brockrams as to render an accurate description impossible.

With them thin lenticular sandstones and red marls are so inter-

laced, that no two sections taken along the line of cliffs from
Traie Fogog eastward to Lhooby Reeast agree. They are ripple-

marked and sun-cracked, and were therefore accumulated in part

between high- and low-water mark. The uppermost beds consist

of Brockrams (conglomerates and breccias), plunging into the sea

at the Stack, at an angle of 35°.

The total thickness, measured along the line of dip, is 426 feet,

and the average dip is 40°, slightly to the west of north ; the actual

upper boundary is beneath low-water.

V. The Classification of the Rocks.

These rocks form one series, which may be conveniently subdivided

as follows :

—

Thickness in feet.

E. II. The Upper or Stack Series 426
I. The Lower or Peel Sandstone Series 1278

D. Bright red sandstone about 80
C. Dull red sandstones of the Gob and Traie Fogog 325
B. Ballaquane and Creg-Malin Beds 385
A. Drift-covered sandstones 488

The* true base of these rocks is concealed by Drift, and is

nowhere visible.
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VI. The Range of the Peel Sandstones and Stack Series

to the North-East along the Coast.

The Stack Series forms the headland to the

north-east of Traie Fogog, and ranges as far

as Lhooby Keeast, where the easterly trend

of the coast brings in again the bright red

and variegated beds below (fig. 4, D).

The cliffs and foreshore from Lhooby Reeast,

for 1150 feet to the north-east, are formed of

bright red sandstone, more or less mottled

(fig. 4, D), dipping north 20° west at an

angle of 40°. In the little bay south of Cass

Stroan, they are faulted against the dull red

sandstones with breccias of Traie Fogog
(fig. 4, C). Here their dip is 34°, north
18° west, while that of the latter is 10°, north
18° west, the downthrow being to the south-

west.

From this fault the dull red sandstones (C)

with breccias and conglomerates, in some
places sun-cracked and mottled grey, range

along the coast with an uniform dip north
18° west, of 14°, as far as the fault in

the headland, between Cass Stroan and Cain's

Strand. At this point the red variegated

sandstones (D) are thrown down against C,

and are seen in the cliffs and foreshore of

Cain's Strand, as far as the fault marked on
the foreshore by a cave. To the north-east

of this fault the cliffs are sheared and broken,

as far as the south-western headland of

Whitestrand Bay, the smashing culminating

in a fault full of crushed rock about 20 feet

broad. Still farther north-eastward the dull

red sandstone-strata are unbroken, and dip

gradually underneath the bright red and
mottled beds (D). These pass underneath

- the Stack Series (JE), which occupies the

c foreshore and forms the low cliff extending

£ as far as an overthrust-fault, abruptly cutting

4 them off close to the northern headland. At
5 this point, the dull red sandstones of the

y lower series (C) rest upon the Stack Beds, and

|s are folded, sheared, and smashed, as far as

§ the southern portion of Will's Strand. Here
they dip under the unbroken strata, ending

in the north-east in a stack composed of

breccia and conglomerate, close to the great

fault that crosses the bay diagonally north and
o >
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south, and throws down the Red Sandstone Series to the west
into the black-and-grey soft phyllites of the Ordovician massif.

(See fig. 4, p. 638, & PI. XXXIII.)

VII. The Range of the Rocks Inland.

These rocks are bounded on the north-east by a fault clearly

defined in the cliff and foreshore ; and on the south-west at Creg
Malin, by a reef which (from its being in a right line) probably is

a fault-line. Still farther west the Drift-sands, clays, and gravels

occupy the whole of the foreshore, and as far as the Ordovician

slates on the western side of Peel Harbour, and St. Patrick's Isle.

These Drift-deposits have been proved to the depth of 20 feet

below the bottom of the harbour, and are of unknown depth.

They rise to more than 100 feet above Ordnance-datum inland,

filling up the pre-Glacial valley of Peel, and obscuring the

exact boundary of the Red Sandstones below. The latter have,

however, been struck in a boring south-east of Ballagyr, and
occur in the fields south of that place, and east of Ballaquane

House. They therefore extend as far as these points, and are so

represented in the map (PL XXXIII).
There are also two small outliers of red sandstone and con-

glomerate near Glenfaba Bridge, which rest on the black rotten

slate, their actual boundaries being concealed by Drift. That to

the north of the bridge is entirely covered with Drift, and is only

known from a shaft, 20 feet deep, sunk about the year 1840, 1 through
Drift and 2 feet of red sandstone into the blue rotten slate. The
second ranges from a fault, close to the south-western abutment of

the bridge, over the lower portion of Mr. Corrin's garden, as far as

Raggatt, and is proved to be surrounded by black rotten slate, in

shafts and borings on the south, west, 2 and east,
3 and by exposures

of slate to the north. On the south-east, it is concealed by alluvial

sands and gravels.

If the map (PI. XXXIII) be compared with my preliminary

1 I am indebted to the late Mr. Eobert Corrin and to Mr. Morrison for

particulars of this and the following borings and sinkings in search of coal in

this area.
2 Two levels driven into slate by the Foxdale Mining Co., one under Raggatt

House, the other to the north, about the year 1830.
3 A borehole at a distance of 500 feet north-east from the bridge, made

about 1864 by Messrs. Eobert Corrin, Morrison, & Keown, yielded the
following section :

—

Thickness in feet.

Soil 2^|

Drift-clay, sand, and gravel ... 88
[

Kotten shale 28 ! i .-^

Grey sandstone 2
[

' Blue fox-clay'
] o

j

Rotten shale
J*

— '' oU
J

The slate was also struck, in a shaft 20 feet deep, close to the south of G-len-

faba millwheel, by the same explorers about the same time.
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sketch-map, published in 1894 in the Transactions of the Geological

Society of Manchester,1
it will be noted that there are several

differences, due mainly to my not having recognized the overthrust-

fanlts at that time. The present map is the result of further

examination.

If it be compared with that published by the Geological Survey,

it will be found that there are important differences which need
explanation. The area in my map is considerably smaller than

that of Mr. Lamplugh's, and the direction and position of the

south-western boundary-fault are different. With regard to the

area inland, I have already pointed out that the southern boundary
is concealed by Drift of considerable thickness, and that therefore

it cannot be accurately ascertained without further evidence.

In my map it is taken to be denned by the two faults and the

exposures inland. In Mr. Lamplugh's it is enlarged by the

assumption that the two outliers near Glenfaba belong to the main
mass of the Sandstone, thrown down to the east by a fault

running north 18° east from Glenfaba Bridge, through the Drift-

covered area to the middle of Peel Bay. There is no evidence of

this fault on the ground, excepting at Glenfaba Bridge, and that

is too small an exposure to give its true direction. It will not

explain the presence of the Red Sandstone on the west side of the

fault, nor will it explain the presence of slate north-east of

Glenfaba Bridge, or close to the millwheel. For these reasons I

am unable to accept Mr. Lamplugh's map of these rocks.

VIII. Their Permian Age.

Nor can I accept Mr. Lamplugh's identification of the rocks with

the Basement Carboniferous of the south of the island, at Langness

and elsewhere. The sandy conglomerates resting on the slate of

the massif, and dipping under the Carboniferous Limestone in that

district, are composed of pebbles of sandstone and vein-quartz, and

angular masses of slate stained red. They are derived, without

exception, from the sandstones, slates, and phyllites of the Ordo-

vician massif upon which they rest, and against which they abut.

There are no chalcedonies, no hgematites, no cherts, no limestone-

pebbles, and the calcareous magnesian element is conspicuous by its

absence. The red rocks of the north of the island are composed of

materials derived from the waste of cliffs of Carboniferous Limestone.

Yoredale Rocks, and of Keisley Limestone, without any trace of the

Ordovician massif now visible at the surface. They have been torn

away from a shore-line composed of Lower Carboniferous rocks and

of limestones of Ordovician age. In the following table I have

compiled a list of the materials which occur in the Brockrams of

the Peel Sandstone and the Stack Series.

1
' Geology of the Isle of Man ' Trans. Manch. Geol. Soc. vol. xxii, facg. p. 592.
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Table op Materials forming the Lower Brockrams of the Peel Series,

and the Upper Brockrams of the Stack Series.

Carboniferous Limestone, grey crinoidal

Do. do. red crinoidal

Do. do. pink crinoidal

Do. do. decalcified crinoidal

Carboniferous chert, grey

Do. do. black...

Do. do. red

Yoredale shale, grey

Do. do. purple

Do. marlstone, purple

Do. sandstone, purple

Do. do. grey

Do. haematite

Do. chalcedony

Micaceous grey sandstone

Keisley Limestone, pink mottled

Eed quartzite

White vein-quartz

Lower Upper
Brockrams. Brockrams.
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All these materials have been derived from rocks which form the

Lower Carboniferous and the Ordovician Series in the Lake District,

with the exception of the two last, which may belong to any older

pebble-beach. The haematites (sometimes botryoidal) and the chal-

cedonies are especially characteristic, and are, so far as I know, only

found together in the Lake District. The Keisley Limestone also

is a Lake-District rock, occurring in the neighbourhood of xlppleby.

It is, however, unnecessary to go to the Lake District for the

source of most of these materials. The borings described in the next
following paper (p. 647) reveal that Carboniferous Limestone and
Yoredale rocks occur underneath the Glacial Drift covering the north

of the Isle of Man ; and a comparison of the cores with the pebbles

under discussion proves, beyond doubt, that the latter were derived

from Lower Carboniferous rocks, then forming cliffs in the north of

the island. All the varieties of the pebbles of Carboniferous Lime-
stone and Yoredale shales and sandstones are represented in the

borings, with the exception of the decalcified crinoidal limestone.

The decalcification of the last-named is doubtless due to its exposure,

at the surface, to the attack of the carbonic acid contained in the

rain-water.

If there be any doubt as to the post-Carboniferous age of these

Q.J.G.S. No. 232. 2r
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rocks, it is decided by the examination of the fossiliferous pebbles of

both the Lower and the Upper Brockrams. The species which I

have identifier!, by the kind assistance of Mr. E. T. Newton, F.R.S.,

and Mr. Rhodes, in the Museum of Practical Geology, Jermyn Street,

are Grijjithides glaber and Ohonetes Laguessiana, from the Lower
Brockram of Peel. The latter occurs also in the Upper Brockram of

the Stack Series, at Lhooby Reeast Both are Carboniferous species.

For the identification of a second series of species, of Ordovician

age, I am indebted to Mr. Leonard Gill and Mr. F. R. Cowper
Reed, M.A., F.G.S. They consist of Plectambonites quinquecostata,

Platyceras verisimile, and 1 llcenus brevicapitatus (a variety of/. Bow-
mani). These have been compared by Mr. Reed with the specimens

in the Woodwardian Museum at Cambridge ; and he identifies

the limestone in which they occur with the Keisley Limestone, a

rock restricted to one small inlier near Appleby. It is therefore

obvious that the cliffs from which the Brockrams were torn were
composed of Keisley Limestone, as well as rocks of Carboniferous

age in the region of the Isle of Man, and that the Brockrams
are, on the whole evidence, post-Carboniferous.
The detailed account of the fossils of the Keisley Limestone in the

Manx Brockrams must be reserved for a future paper. It is

sufficient to note here that it has contributed largely to the pebbles

in the Upper Brockrams at Whitestrand, while it has not as yet

been identified in the Lower or Peel Series.

A comparison of the rocks under discussion with the Permian
of Barrowmouth near Maryport, and of the Vale of Eden near

Appleby and Kirkby Stephen, so well described by Sedgwick,

Binney, Eccles, Harkness, Nicholson, and others, proves that the

sequence is of the same general order. The section at Barrowmouth
shows about 5 feet of Brockram resting, unconformably, upon the

waterworn surface, and passing into a Magnesian Limestone about

8 feet thick. In the Vale of Eden the Penrith Sandstones, some
2000 feet thick, contain Brockrams mainly massed in the lower and

upper divisions, as is the case with the Peel Sandstones and Stack

Conglomerates. They are chiefly composed of materials derived

from the break-up of the Carboniferous rocks. The haematites,

cherts, chalcedonies, and pebbles of Carboniferous Limestone and

Yoredale rocks are the same in the Brockrams of both these districts.

In Hilton Beck, the Penrith Sandstones dip under a series of marls

and sandstones, with one layer of limestone 4 feet thick, and these

again underlie Triassic sandstones. Both the Peel Sandstone and

that of Penrith represent the Rothliegende, or Lower Permian of

the Continent. The Stack Series may be referred either to the

concluding phase of that subdivision, or to the beginning of the

period of the Magnesian Limestone, so well developed on the

eastern side of the Pennine Chain.

IX. The Shearing and Faulting.

These Permian rocks are sheared and faulted to an extraordinary

degree, and their presence on the coast-line of the Isle of Man is
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due to their being let down into the Ordovician massif by the two

boundary-faults, to the north and to the south. As we traverse the

eoast-line from Peel towards Will's Strand, there are two areas which

need special notice (fig. 4, p. 638, & PI. XXXIII) : the foreshore and

headland, between Cain's

Fig. 5.— Sheared sandstone parallel to Strand and Whitestrand,

the fault, Gain's Strand. and those between the

latter and Will's Strand.

In the first of these, a

fault traverses the head-

land and runs across the

foreshore in a direction

[A length of 8 feet is shown.] west 18° north, by which
the Gob Sandstones (C)

have been thrust over the bright red, mottled sandstones of D.

Along this line the rocks are sheared, the planes of shearing inter-

secting the planes of bedding, and dividing the rock into lenticular

and diamond-shaped masses, with surfaces more or less scored oi

slickensided. Close to the cave on the foreshore, the shearing is

parallel to the fault (fig. 5). To the north of this fault the

headland is sheared, and is traversed by a second fault (? over-

thrust), 20 feet 'wide, full of smashed angular blocks, both great

and small. This occupies the foreshore to the south of White-

strand, where we may observe that the red colour of the rocks

has been discharged along the lines of crush. To the north of

Whitestrand, the same division of the Peel Sandstone (C) has been

thrust over the Stack Series (E) in a southerly direction, along

a gentle ascending plain (see fig. 6, p. 644). Here the crushing

is most marked, the sandstone being crushed into the marls,

and both presenting characteristic lenticular shearing-structure.

The whole of the headland on the north is sheared, folded, and
broken, up to the northern boundary-fault, the dull red sandstones

being folded, and the thin interstratified marls being crushed and
squeezed out of their normal position.

The age of these disturbances is taken by Mr. Lamplugh * to be

post-Carboniferous and pre-Permian. He assigns it rightly, in my
opinion, to the same period as the remarkable overthrust-faults in

the Carboniferous Limestone and volcanic rocks of the south of

the island. As the rocks under consideration are Permian, the
period of the faulting is clearly post-Permian. It

belongs probably to the great system of earth-movement, which has

left its mark in the Axis of Artois in Northern France, Somerset,

South Wales, and Ireland, which took place in the interval between
the latest Palaeozoic and the earliest Mesozoic rocks. That it

is pre-Triassic is proved by the fact that the Triassic rocks,

in the borings in the north of the island, overlie these Permian
rocks unconformably, occupying the same relation to them as the

Triassic to the Permian, on the flanks of the Pennine Chain.

These disturbances in the Permian of the Isle of Man are repre-

sented in the Upper Eden Valley by the high and irregular dips of
1 Quart. Journ. Geol. Soc. vol. lvi (1900) p. 22.
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the rocks of the same age. The only other two periods of dis-

turbance at a later date, in the British Isles, with which these

overthrust-faults can be compared, are those of Dorset, belonging

to the Cretaceous age, 1 and those of the Isle of Wight and of the

South of England, which are post-Miocene and pre- Pliocene.

X. The Probable Source oe the Iron in the Pi-ed Rocks.

In the course of the examination of the Permian rocks dealt

with in this paper, and of those revealed in the borings described

in the next following, I have had to consider the question of the

origin of the large quantity of iron present in the Permian and
Triassic strata. This iron in many cases, both in the Isle-of-Man

borings and in the Lake District, has replaced the calcium- carbonate

of the Carboniferous and Yoredale Limestones. The idea that it

might have been derived from the break-up of the Carboniferous

shales was suggested to me by Prof. Lapworth. The large quantity

of iron, present not only as sulphide but as carbonate, in the shales

of the Yoredale Series, Millstone Grit, and Coal-Measures, is more
than sufficient to account for all the iron, when it is considered that

several thousand feet of shales have been denuded away, from an

area of many hundreds of square miles, in the Northern Counties

before the Permian age, and during the time that the Permian and

Triassic strata were being accumulated. It is more than sufficient

to account for the haematites of Barrow and other districts, which

have long been recognized as post-Carboniferous. The landlocked

seas, of Permian and Triassic age, in the area under consideration,

would allow of the accumulation of highly ferruginous rocks in

the areas which they now occupy. I do not know of any other

hypothesis which will explain the facts. It is very likely that

the break-up of the Silurian and Ordovician shales has, in like

manner, resulted in the accumulation of iron in the landlocked

basins of Old-Ked-Sandstoue times.

XL Conclusion.

In this paper I have laid before the Society the evidence as to

the Permian age of the rocks under consideration. They fall

naturally into line with the Permian of England and of the

Continent. Their true base is not seen in the Peel District : they

are, however, proved, in the borings in the north of the island

(described in the next following paper) to rest there unconformably

upon the Carboniferous rocks, and to be covered by the same
series of Triassic strata as those that overlie the Permian in the

adjacent parts of England, in the Lake District, in Lancashire, and

in Cheshire.

EXPLANATION OF PLATE XXXIII.

Geological map of the neighbourhood of Peel (Isle of Man), on the

scale of 2 inches to the mile.

[Eor the Discussion, see p. 660.]

1 A. Strahan, Quart. Journ. Geol. Soc. vol. li (1895) p. 549.
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34. The Carboniferous, Permian, and Triassic Hocks under the

Glacial Drift in the North of the Isle of Man. By Y/illiam
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I. Introductory.

The whole of the Isle of Man, north of a line drawn due west from
Ramsey, is covered with a thick mantle of Glacial Drift, forming a

plateau rising, in some places, to a height of more than 100 feet

above the sea. South of this, obviously a shore-liue, the iceworn

Ordovician massif of the island rises in a series of precipitous hills,

culminating in Snaefell. The contrast, between the northern plain

and the southern hills, is so marked, that it raises the question as

to whether the Ordovician rocks are continued in the shape of a

seaworn plateau, covered by Drift; or whether, in this concealed

area, other and newer rocks occur, similar to those surrounding the

Ordovician massif of the Lake District, of Carboniferous, Permian,

and Triassic age. It was not improbable that the Coal-Measures of

Whitehaven might extend beneath the sea in this direction. The
question has been solved by a series of six borings, carried on under
my advice from 1891 to 1898 by Messrs. Craine, and under the

able direction of Mr. John Todd, to whom I am indebted for the

journals from which the sections have been prepared. Of the spe-

cimens, from which the strata have been identified, some are in the

Manchester Museum, Owens College, some in the Museum of Practical

Geology, Jermyn Street, London, and some in the possession of the

engineer at Pvamsey. The borings are all close to the coast-line,

starting from a plateau of sand and gravel, at about 20 feet above
Ordnance-datum. They have proved that the Carboniferous Lime-
stone, the Yoredale rocks, and the Permian and Triassic Series, lie

buried under the Drift in the northern plain.

II. Boring No. 1, at Lhen Moar.

The westernmost of the series is at Lhen Moar, about 270 yards

north of ' The Park ' on Sheet No. II of the 6-inch Ordnance-map
of the Isle of Man. (See also fig. 1, p. 656.)
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It presents the following section
x

:

—

Depth. Thickness.

Feet, Feet.
Sand and shingle 12 12

Glacial sand, shingle, and silt 167| 155£
Grey crinoidal Carboniferous Limestone, dipping 40°... 233 65-|

At this point the boring was stopped, as it was obviously of no use
to sink in search of coal below the Carboniferous Limestone. The
discovery of this limestone is an important addition to our knowledge
of the geology of the north of the island.

III. Boeing No. 2, at Ballawhane.

The next boring, in passing north-eastward along the coast, is at

Ballawhane, near Blue Point (6-inch Map No. II), at a distance of

about 1400 yards from Lhen Moar. It yielded the following

section :

—

Depth. Thickness.

Feet inches. Feet inches.

Sand and shingle 16 16
Glacial sand, shingle, silt, and Boulder-Clays 171 155

Triassic.

Eed micaceous sandstones, with subordinate grey
sandstones and thin red marls with occasional

pebbles of red marl 544 2 373 2
Lower Carboniferous.

Yoredalk Series 679 5 136 3
Red shale, with slickensides 568 2 24
Sandy marl, with carbonaceous specks 577 6 9 4
Brown marly crinoidal limestone and con-

glomerate 578 4 10
Pink and grey crinoidal limestone 585 6 7 2

Blue limestone 587 6 2

Red earthy limestone 590 6 3
Brown, fine-grained sandstone, crushed 602 8 12 2
Crushed red and purple calcareous marls ... 612 8 10
Brown sandy marl 613 2 6

Soft purple marl 627 13 10

Calcareous sandy red conglomerate, with

crinoids 630 9 3 9
Dark shale 633 11 3 2

Purple sandy marl, with conglomerates 656 22 1

Grey calcareous marls 664 9 8, 9
Dark-grey shale, crushed 679 5 14 8

Carboniferous Limestone 717 4 37 11

Compact grey limestone, with hasmatite 691 3 11 10

Grey crinoidal limestone, in places converted

into haematite 697 6 6 3
Grey compact limestone 698 6
Red limestone 699 10
Grey crinoidal limestone 706 4 7 4

Grey limestone 714 10 8 6
Mottled grey-and-red crinoidal limestone ... 717 4 2 6

7 The details of this section will be found in ' The Geology of the Isle of

Man ' Trans. Manch. Geol. Soc. vol. xxii (1894) p. 598.
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The red sandstones, underneath the Glacial Drift, are identical in

their physical characters with the St. Bees Sandstone in Cumber-
land, and are of Triassic age. They dip at an angle of 8°.

The details of this portion of the section are to be found in the

paper read before the Manchester Geological Society, already quoted,

and also in vol. xxiii, pt. 1 of that Society's Transactions, and there-

fore need not be repeated here.

The purple, red, and grey shales, marls, and marlstones, below
the Triassic strata, are very much sheared and crushed. At depths

respectively of 627 and 657 feet from the surface, the boring-tool

passed through a conglomerate-breccia, indistinguishable from some
of the Permian Brockrams, to which they were referred in the above-

quoted paper. The specimens, however, which I have examined in the

Museum at Jerinyn Street (by the kindness of Mr. Lamplugh) prove

that the strata, both above and below, are of Lower Carboniferous age.

They are identical with the type of Yoredale rocks which surrounds

the massif of the Lake District and ranges far over the adjacent parts

of Yorkshire. I can only account for the breccias in these rocks by
the hypothesis that they occupy lines of fault, filled with the crushed

adjacent rocks of Yoredale age, from the break-up of which the

Brockrams elsewhere have been largely constituted. These Yoredale

rocks dip at an angle of 35°, at points respectively of 611 feet and
686 feet below the surface.

The thickly-bedded limestones beneath belong to the Carboniferous

Limestone, and have been more or less hsematitized in irregular

patches.

IY. Boring No. 3, at Knock-e-Dooney.

The boring at Knock-e-Dooney, near Hue Point (6-iuch Ordnance-

map, No. II), at a distance of about 1536 yards north-east of that

at Ballawhane, traversed the following strata :

—

Depth. Thickness.

Feet inches. Feet inches.

Glacial Drift 173 173
Sand, with stones

"

16 16

Sand and shingle 36 20
Clayey sand, with fragments of coal 76 40
Sandy clay 101 25
Clayev sand, with fragments of coal 116 15

Sand". 150 34
Clayev sand 163 13
Clayey gravel 173 10

Triassic Sandstone 605 3 432 3
Red sandstone 181 8 8 8

Grey do 182 4

Red do 186 2 4 2
Grey do 186 3 1

Eed do 189 1 2 10

Grey do 189 3 2
Red do 191 11 2 8
Grey do 192 2 3
Red do 195 11 3 9
Grey do 196 1 2
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Red sandstone

Grey do.

ONIFEROTJS,

Depth.

Feet inches.

196 5

196 7

215 7

217 1

219 10

227 4
227 6
248
248 2
252 4
252 6
262 9

262 11

285 4
287 10

287 11

293 1

293 4
298 8
298 10

505 5
506 11

516 11

521 6
529 2

541 2
548 2

557 2
583 2
584 8

596 5
596 11

605 3
662 10

634 7

638 1

642 1

646
649
653 9

658 1

660 4
662 10

[Nov.

Thici

Feet i;

19

1

2

7

20

4

10

22
2

5

5

206
1

10
4
7
12

7
9

26
1

11

8
57

29
3
4

3
3
4

4
2
2

1902,

kness.

aches.

4
2

Red do
Red shalv sandstone ... 6
Red sandstone
Red do

9
6

Grey do 2
Red do 6
Grey do 2
Red do 2
Grey do
Red do

2
3

Grey do 2
Red sandstone and grey
Red sandstone

5
6

Grey do.

Red do
1

2
Grey do. 3
Red do 4
Brown sandy shale

Red and subordinate grey sandstones, with partings

of shale or marl, as above

Brown shale

Brown shale

7

6

7

8

Brown shale

Red sandstone
Red gritty marl
Red sandstone
Brown shale

Sandy variegated shale

Red sandstone, with car

Perm i vn

6
9

6

bouaceous specks 4

7

Red and brown marly sandstones, with Brockram-
graina 4

Coarse red sandstone ... 6

Dark red sandstone
Dark red marlstone
Sandy marl
Coarse red calcareous

Brockram ...

sandstone, passing into

11

9

4

Coarse red and grey sandstones, with Brockram...

3
6

(?) Fault.

Lower Carboniferous.

Yoredale Series
Purple micaceous sandstones, marls, and shales,

grey and black shales with clay-ironstone

nodules, crinoidal stems, and sometimes
gypsum 790

Grey crinoidal limestone 792
Dark blue and black shales, with clay-ironstone

nodules, exhibiting joint-planes filled with
gypsum 865

Red, blue, and purple shales, with ha?matite 894

945 10

10

283

127
2

28

10

2
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eet inches.

14 6

37
15 2

3 8
10

1 6
6
2 6
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Depth.

Feet inche

Fine grey sandstone, with clay -iron stone 908 10

Black and bine shales, with clay-ironstone and
iron-pyrites 945 10

Carboniferous Limestone 901
Grey limestone , 949 6
Grey shaly crinoidal limestone 950 4

Dark shale 951 10
Grey crinoidal limestone 957 10
Grey earthy limestone 960 4
Grey crinoidal limestone, stained red, with Rhyn-

chonella 961 (?)

The Triassic sandstones below the Drift, in this section, are the

same as those in the preceding section, and dip at an angle of

7°. as compared with that of 8° at Ballawhane.

The red sandstones, and marlstones, below the Triassic sandstone,

are assigned to the Permian age, because they contain conglomerate-

breccias, formed of Yoredale rocks and Carboniferous Limestone,

embedded in a calcareous paste, and presenting the curious physical

characters of the Brockrams of Cumberland and the Vale of Edeu.

They are identical physically with those which are exposed on the

shore to the north-east- of Peel, described in the preceding paper

(p. 637). Here they are of especial interest, because they rest upon
the Carboniferous rocks from which they have been torn.

The Yoredale rocks are of the usual Lake-District type, and like

them are more or less haeinatitized. They dip at an angle of 30°,

at depths of 675 and 716 feet from the surface.

The Carboniferous Limestone below is of the usual crinoidal type,

and is locally stained red.

V. Boring jN
t
o. 4, at Ballaghenney.

The fourth boring, about 3600 yards east and north of the last-

described borehole, yielded the following results :

—

Depth.

Feet inches.

Glacial Drift 212 4
Sand and stones 15
Shingle 42
Sand 78
Clay 112
Sand, gravel, and clay 138 8
Sand 211
Gravel 212 4

Triassic Sandstone 956 1

Red and grey micaceous sandstones, with subordi-
nate layers of marl, as in the preceding section. 649

Red sandstone, with conglomerate 671 3
Red and grey micaceous sandstones as before 9~>6 1

Permian 1040 10
Red sandy marl 1003 10
Brown marls and coarse sandstones 1017 10

Thickness.

Feet inches.

212 4
15
27
36
34
26 8
73

8
743 9

436 8
22 3

284 10
84 9
47 9
14
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Depth. Thickness.

Feet inches. Feet inches.
Brockram : conglomerate, with pebbles of red

crinoidal limestone and haematite 1018 4 6
Sandstone, with Brockram 1021 4 3
Red calcareous Brockram and sandy marls, with

crinoidal limestone-pebbles 1040 10 19 6

Lower Carboniferous.

Yoredale Series 1281 240 2
Red, purple, and grey micaceous sandstones, with

subordinate layers of shale, marlstone, and earthy
limestone and patches of haematite, and contain-
ing Stigmaria, Lepidodendron, and other plants 1209 11

Sandy purple limestone, with crinoids 1214 5
Calcareous shale 1217 11
Eed sandstone 1218 3
Earthy limestone 1219 2
Grey and purple marlstone 1225 8
Grey limestone 1229 10
Purple and grey crinoidal limestone 1232 1

Purple and grey marlstone, with carbonaceous
fragments ... 1235 5

Purple and grey marlstone 1242 11
Purple and grey crincidal limestone 1243 7
Shaly sandstone 1245 11
Purple and grey marlstone, sheared 1246
Compact grey limestone 1255
Earthy red limestone 1260
Earthy red sandy limestoue 1262
Purple and grey marlstone, with gypsum 1265
Light purple calcareous sandstone 1270
Purple and grey marlstone 1272
Purple and grey marlstone, with Productus 1276
Red crinoidal limestone 1277
Breccia, red sandy calcareous, sheared, probably in

the line of fault 1281 4

The Triassic, Permian, and Yoredale Series are the same as in the

preceding section. The last-named dip at an angle of 33° at a depth

of 1057 feet from the surface, and at 1070, 1202, and 1243 feet at

an angle ol* 30°.

The Permian strata in both these sections are remarkable for their

thinness, and for the absence of the massive lower sandstones of

Peel. It must, however, be noted that precisely the same contrast

is visible when the Permian rocks of Barrowmouth are compared
with those of the Vale of Eden.

VI. Boring No. 5, at Point of Ayre.

The fifth boring, at the Point of Ayre, close to the lighthouse,

3566 yards north-east of No. 4, adds the Triassic marls and a

new saltfield to the geology of the Isle of Man. It yields the

following section 1
:

—

1 For further details as to this section, see Trans. Manch. Geol. Soc. vol. xxii

(1894) p. 600.

19 1

4 6
3 6

4
11

6 6
4 2

2 3

3 4
7 6

8
2 4

1

9

5
2

3

5
2

4
1



Thickness.

Feet inches.

298
382

317 5
2 6
17 3
24
4
9 6
7 4
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Depth.
Feet inches.

Glacial Drift, as before 298
Triassic Marls 680

Red, brown, and grey gypseous marls, with
traces of salt 615 5

Brine-run 617 11

Blue and grey marlstone and marl 635 2
Eock-salt 659 2
Grey marlstone, with salt 663 2
Rock-salt 672 8
Brown marl 680

VII. Boring No. 6, at Point of Ayre.

The discovery of salt at Point of Ayre, close to the lighthouse,

has. been followed up by a second borehole about 400 yards south-

east of borehole No. 5. It presents the following section :

—

Depth. Thickness.

Feet inches. Feet inches.

Shingle 16 16

Glacial Drift 364 348
Gravel and sand 56 40
Sand 68 12

Sand and gravel 105 37
Hard sand 113 8
Boulder-Clay 148 35
Sand 154 6

Sandy Boulder-Clay 164 10
Red clay 167 3
Boulder-Clay 221 54
Gravel, with shells 222 10
Sand 229 7
Muddy sand, with shells 241 12

Red sand 277 36
Sand and gravel, with fragments of coal 281 4
Gravel 316 35
Coarse clayey gravel 325 9

Red sand 349 24
Gravel 355 6
Clayey sand and gravel, with boulders 364 9

Triassic Marls 922 4 557 4
Disturbed marls 545 181

Red gypseous marls, broken up 429 65
Brown marl, with gypsum 501 72
Gypsum and sandy marl 503 2
Brown and grey gypseous marls 545 42

Undisturbed saliferous marls 922 4 376 4
Brown marl, with gypsum 548 3
Brown and grey marl, with gypsum 556 8
Grey marlstone, with gypsum 569 13
Brown and grey marl, with gypsum 574 5
Grey marlstone 576 2
Brown and grey marl 578 2
Grey marlstone 586 8
Brown marl, with veins of gypsum 588 6 2 6
Brown marl, with salt 589 2 8
Brown marl 593 2 4
Grey marlstone, with beds of gypsum 595 2 2
Grey marlstone, with salt 595 4 2
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Grey marlstone, with beds of gypsum
Brown marl, with veins of gypsum
Brown and grey marl, with beds and veins

of gypsum
Rock-salt (1)

Brown and grey marlstone, with salt

Bock-salt (2) «...

Brown and grey marlstone, with salt

Rock-salt (3)

Brown and grey marlstone, with salt

Rock-salt (4)

Brown and grey marlstone, witb salt

Rock-salt (5)
".

Brown marl, with salt

Rock-salt (6)

Grey marlstone, with salt ,

Brown marl
Rock-salt (7) with about 50 per cent.

of marl
Brown marl
Rock-salt (8) with about 25 per cent.

of marl
Brown marl, with about 30 per cent.

o f salt

Rock-salt (9)

Brown marl
Brown marl, with salt

Brown and grey marlstone

Rock-salt < 10)

Blue marlstone

Blue marlstone (with about 10 per cent.

of salt)

Rock-salt (11)

Brown marl
Rock-salt (12)

Brown and grey marl
Brown marl, with salt ...

Rock-salt (13)

Brown marl
Brown marl, with salt

Blue marlstone

Blue marlstone, with salt

Brown and grey marlstone

Rock-salt (14)

Brown and grey marlstone

Rock-salt (15) ,

Rock-salt, with about 20 per cent.
of marl

Rock-salt
Rock-salt, with about 20 per cent.
of marl

Blue marlstone

Brown and blue marl, with salt

Rock-salt (16)

Brown and blue marl (with about 30 per

cent, of salt)

Rock-salt (17)

Brown and blue marl, with salt and veins of

gypsum

Depth. Thickness.

Feet inches. Feet inches.

596 4 1

599 3 2 11

605 3 6
617 9 12 6
620 9 3
629 3 8 6
635 9 6 ft

637 3 1 6
639 6 2 3
640 6 1

646 6 6
647 6
652 6 5 6
656 6 4
657 6
668 6 11 6

672 2 3 8
679 2 7

682

683 6 1 4
684 6
691 8 7 8
694 4 2 8
700 4 6
702 10 2 6
704 2 1 4

707 10
723 16
724 9 1 9
726 3 1 6
731 4 9
732 2
733 6 6
735 6 2
737 1 6
740 3
740 8 8

750 4 9 8
751 4 1

755 3 8
755 10 10

762 2 6 4
765 2 10

769 4
770 3 4 3
782 7 9 4
784 4 1 9

794 ft 10
808 6 14

824 16
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Rock-salt (18) with about 50 per cent.

of marl
Brown and blue marl, with veins of gypsum .

Rock-salt (19) with about 50 per cent.

of marl
Brown and blue marl, with salt and veins of

gypsum
Rock-salt (20)

Brown and blue marl, with salt and beds and
veins of gypsum

Bottom of 8- inch borehole
Commenced with 5-inch borehole
Brown and blue marl, with salt and beds and

veins of gypsum
Rock-salt (21)

Brown marl, withsALT
Soft brown and blue marl, with salt and
gypsum

:

Soft brown sandy marl, with gypsum
Soft brown marly sandstone

Brown sandy marl
Soft brown marly sandstone

Soft brown and grey sandstone

Bluish-grey sandstone

D,zpth. Thickness.

Feet inches. Feet inches.

827 6 2 10

831 10 it -t

833 7 1 9

835 11 4
837 8 1 9

842 4 4
842
842

854 2 12 2
859 8 5 6
864 2 4 6

877 8 13 6
903 25 4
904 1

916 4 12 4
919 8 3 4

921 2 1 6
922 4 1 2

922 4 922 4

VIII. The Manx Saltfield.

The total thickness of pure rock-salt in this borehole is

76 feet 8 inches ; of rock-salt containing 20 per cent, of marl,

10 feet 4 inches ; of that containing 25 per cent, of marl, 2 feet ; and
of that containing 50 per cent, of marl, 8 feet 3 inches. To these

must he added marl containing about 30 per cent, of salt, 11^ feet.

The discovery of salt in these two boreholes is likely to be of

great commercial value to the island, and is a fitting reward to

Messrs. Craine for their persistence in carrying out the boring in

search of coal. Looking at the evidence of the other boreholes, I

could not advise them to sink deeper, on the chance of striking the

Coal-Measures of Whitehaven. These, if they exist at all at this

spot, lie buried beneath an unknown thickness of Triassic marls,

and not less than 800 feet of Triassic sandstone, and with the

additional chance of the occurrence of Permian strata. It is very

probable that the Yoredale rocks, and not the Coal-Measures, form
the* floor, upon which the newer Red Rocks have been deposited in

this area.

The unexpected presence of the Saliferous Marls is a link

uniting the Triassic strata of the north of the island with those of

Barrow on the one hand, and Carrickfergus on the other. It is

very probable that these three saltfields belong to one great

saliferous basin, underlying the Irish Sea, extending southward
and eastward to join that of Fleetwood, and to the south in the

direction of the great saltfield of Cheshire. It is now divided from
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the last by the anticline of Keuper and Bunter sandstones of the

district between Chester, lluncorn, Warrington, and Liverpool.

How far the Manx salt-

field extends southward

under the Drift-covered

Point of Ayre remains

to be proved.

If the sections of the

two boreholes (5 & 6)

at the Point of Ayre
be compared, it will be

| observed that the Triassic

« marls, in that which is

.§ farthest to the north,

„ were struck at a depth

1 of 298 feet from the

£ surface, while in the
c

J2 other they were struck

3 at 364 feet. The layers

Sof rock-salt too in the

first of these do not

agree in their position

with those of the second.

« It must also be noted

I that the Upper Triassic

S marls in the southern

I borehole, No. 6, are dis-

g turbed, and present the

§ same physical characters

S as those of the red marls

% on the edge of the sail-

's
ferous basin of Cheshire,

I and of those ranging

£ from Burton ia the

I direction of Tutbury

5 and Eolleston. In these

districts the rock has

$| been disturbed, and the

surface let down irre-

gularly, by the solution

of the rock-salt, giving

rise to some of the

Cheshire meres, and
causing the surface -

drainage to find its way
deep into the marls

in the latter district.

In my opinion, the

beds of rock-salt in the northern borehole, No. 5, have been dis-

solved away from the disturbed-marl area in No. 6, as they rose

Q.J.G.S. No. 232. 2z
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towards the surface in consequence of their northerly dip, letting

down the surface to a depth of 65 feet below the normal level of

the rocky plateau. In the district of Northwich the upper thick

bed of rock-salt, some 80 feet thick, has been carried away by
natural solution letting down the pre-Glacial land-surface, and
giving room for very thick and abnormal accumulations of Glacial

Drift. Many other cases of the same kind have come before me
in Cheshire, in the course of various enquiries as to the structure

of the Cheshire saltfield. It may be inferred, therefore, that the

total thickness of pure salt proved in the two borings is not less

than 109 feet 8 inches.

IX. General Conclusions.

When these borings are drawn on the 6-inch scale, and con-

nected together, as in the originals of figs. 1 & 2, they give a clear

idea of the sequence of the beds, and of the thickness of the Triassic

sandstone. It will be observed that the last-named thickens in a

northerly direction. I have already mentioned the presence of a

fault in the Yoredale rocks at Ballawhane. A little to the south-

west of this there is, in my opinion, another fault, letting down the

Triassic sandstones into the Yoredale Series. In no other way am
I able to account for the contrast between the sections 1 & 2 at

Lhen Moar and Ballawhane.

These borings do not afford sufficient evidence for the construction

of an accurate map of the solid geology under the Drift. Both my
map, published in the Transactions of the Manchester Geological

Society, in 1894, and the map of the Geological Survey, are mere
sketches, to be modified by the result of subsequent observation.

The accompanying map (fig. 1, p. 656) has been made by the light of

the boring at Ballaghenney, which limits the area of the saliferous

marls, and considerably enlarges the area of the Triassic sandstones,

as shown in my previous map. The Yoredale rocks are also repre-

sented, as forming part of the waterworn surface underneath the

Drift. A further addition is that of the Basement Carboniferous

Beds of the south of the island, which form a thin band at the base

of the Carboniferous Limestone, instead of occupying the wide area

shown in the Geological Survey-map. The position of this is, of

course, hypothetical, and it may, or may not, extend as far south as

the point where the rocks of the massif rise abruptly above the

plain between Ramsey and Kirk Michael. The Permians are

probably faulted down, and covered by the Triassic sandstone, as

shown in figs. 1 & 2. They may, however, appear on the eastern

side, as shown in the Geological Surve3T-map.

The increase in the thickness of the formations penetrated in the

boreholes is eloquent of the direction of the dip of the strata.
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No. 1.

Lhen
MOAR.

Ft. in.

Glacial Drift 167 6
Saliferous marls

(Dip 12°.)

Triassic sandstone

(Dips 7°, 8°, 10 to 12°.)

Permian Series '

Yoredale Series

(Dips 30°, 35°, 33°.)

CarboniferousLimestone 65 64-

(Dip 40°.)

No. 2.

Balla-
WHANE.

Ft. in.

171

373 2

136 3

37 11 +

No. 3.

Knock-
E-DOONEY.

Ft. in. Ft. in.

173 1212 4

432 3

57 7
283

15 2

No. 4
Balla
GHENNEY.

No. 5. No. 6.

Point of Ayre.

Ft. in.

298
382 04-

743 9

84 9
240 24-

Ft. in.

364
557 4

It is obvious, from the succession of these rocks and their increase

in thickness along a north-easterly line, that they all dip in natural

order to the north, or away from the Ordovician massif of the

island.

It is also clear, from the above table, that they constitute a plateau

of marine erosion (fig. 2, p. 657) sloping northward and eastward,

and extending from a depth of about 150 feet below Ordnance-datum

on the west at Lhen Moar, to a depth of about 343 feet at the Point

of Ayre. "Were the Glacial Drift resting upon it removed, the sea

would occupy the whole of the area north of a line drawn between

Ramsey and Kirk Michael. To realize the great thickness of the Drift,

it is necessary to add the height of the hills of Drift above the level

of the boreholes, which gives a total of not less than about 450 feet,

a greater thickness than has been proved elsewhere in the British

Isles.

The Carboniferous and post-Carboniferous rocks in the Isle of

Man stand in the same relation to the pre-Carboniferous massif as

those of the Lake District. The same rocks occur in the same order,

dipping away in every direction from the massif, both north and

south. Here, as there, they probably form concentric rings, now
broken, round the Silurian (and Ordovician) massif, being repre-

sented in the south by the Basement Carboniferous and Carboni-

ferous Limestone of Langness and Castletown; in the north by the

Carboniferous Limestone, the Permian, and the Triassic sandstones

and marls, which have been described in this and the preceding paper.

It must further be noted that during the time of the accumulation of

the Permian Series in the north of the Isle of Man, the Ordovician

grits and phyllites, now forming by far the greater part of the cliffs,

were not exposed to the erosion of the sea on the Permian coast-line.

The cliffs then in the north of the island were mainly composed of

Carboniferous Limestone and Yoredale rocks. This fact is proved

not merely by these rocks having been the source from which the

Permian strata were derived, but also by their occurrence in the sea-

worn plateau underneath the Permian of the north of the island.

2z2
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These cliffs also (as is proved in the preceding paper) were carved out

of Keisley Limestone, a rock which may be expected to occur under-
neath the mantle of Drift in the north of the island, in its proper

place between the Basement Carboniferous and the Ordovician

quartzites and sandstones which overlook the buried seaworn
northern plateau.

Discussion [on the two foregoing papers].

Mr. Lamplugh, in defending his rendering of the Peel Sandstones

on the Geological Survey-map, remarked that he would gladly have
accepted the reading of this exceedingly obscure ground given by
the Author in his paper of 1895, if this had agreed with the

available data. But as he found that important field-evidence

in the outcrops around Glenfaba had been overlooked, he was
compelled to attempt an independent rendering in accordance with
this evidence. The borings in this area, referred to by the Author,

were made long ago, and the evidence in regard to them was
unsatisfactory. He readily acknowledged that any mapping, under
the conditions, could be only approximately correct.

The same remarks applied with even stronger force to the

mapping of the northern plain, which was really only a portion of

the Irish sea-bottom, made into land by the thick Glacial deposits.

For his own part, the speaker had always regretted that it was
officially necessary for him to produce a map of the solid rocks

underlying this ground ; but, given the necessity, nothing more
could be done than had been done. In the Memoir now in the

press he had recognized the possibility that Silurian rocks might

occur in this tract.

He was in accord with the Author in his amended reading of the

borings at the northern margin of the island ; but he thought that it

was due to himself to mention that the error in the Authors

previous interpretation of the Ballawhane boring, now so frankly

acknowledged, would not have been discovered if the speaker had

not himself examined the cores. The Author, in a previous paper,

had based far-reaching conclusions on the supposed Peel rocks of

this boring, now acknowledged to be Lower Carboniferous.

The speaker's examination of the cores from all the borings had

convinced him that no equivalents of the Peel Series had been

found in them. The Permian breccias of these borings could be

directly correlated with the Permian breccia or Brockram of the

Cumberland coast, but this correlation could not be sustained in

respect to the Peel iocks. He deprecated the use of the terms
' Brockram ' and ' Magnesian Limestone ' applied by the Author

to parts of the Peel Series, and also the reference of pebbles to the

' Yoredales,' etc., on the basis of general resemblance only. The
condition of the limestone-fragments in the Peel Conglomerates

was not that of the limestone-fragments in the Brockram of

Cumberland and of the northern borings.

As to the Author's insistence that the Peel Series was identical
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in physical characters with the Permian rocks of the xSorth of

England, he would point out that Mr. J. Home had described the

series as closely resembling the Calciferous Sandstone-rocks of

the Kirkcudbrightshire coast ; and also that the speaker, in visits

to mainland-sections referred to by the Author, had failed to find

the similarity on which such stress was laid.

He acknowledged the difficulty in fixing the age of the Peel

Series, and in this respect congratulated the Author upon his recent

most interesting discovery that the majority of the fossils of the

limestone-fragments were of Ordovician age. He suspected that

the remaining three supposed Carboniferous species would prove

to be of the same age. Indeed, it was not impossible that the

Peel rocks might eventually prove td&b of older date than either

the Author or the speaker had hitherto suspected. This would be,

to him, a most satisfactory termination of the discussion.

Mr. Hare wished to deprecate the use of Lake-District

terminology in the Isle of Man : it was purely local and strati-

graphical, and should be confined to the Lake District. He pointed

out that fragments of Keisley Limestone had been found in the basal

Carboniferous conglomerates of the neighbourhood of Sedbergh.

The Author, in reply, said that he accepted Mr. Lamplugh's
explanation of the difference between them—that the work of the

Geological Survey in the Isle of Man was ' official/ while that of

the Author was a ' labour of love/ At that late hour he would
merely remark that the Brockrams under discussion are identical in

composition with those of the borings, acknowledged byMr.Lamplugh
to be Permian, and with those of the Lake District accepted by
every one as Permian. If any doubt remained, it could be solved

by the examination of the specimens on the table from these three

sources, and of those in the Museum at Jermyn Street.
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35. ^4 Desceiptive Outline of the Plutonic Complex of Centeal
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June 11th, 1902.)
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I. Inteoduction.

Twenty-two years ago, a paper by me on * Some New Points in

the pre-Cambrian Geology of Anglesey ' appeared in the Geological

Magazine. 1 One section of that paper discussed the * Continuity of

the Granitoid Series with an underlying Gneiss,' and the chief

evidence for that continuity was furnished by the Craig-yr-Allor

anticline. An ellipsoidal dome of hornblendic and chloritic gneiss

in Central Anglesey was described as surrounded by ' granitoidite/

below which it appeared to dip in a quaquaversal manner. As
both the gneiss and the granitoid rock were then generally

regarded as of sedimentary origin, the inference that the gneiss

represented a formation older than the ' granitoidite ' appeared

to be justified. We now know, however, that these rocks are not

metamorphosed sediments, but plutonic masses ; therefore they

can never have been in stratigraphical sequence. A review of the

ground in the light of the new theory of origin has now been

undertaken, and the following paper is the result. I include within

its scope the acidic rocks, both massive and schistose, which are

associated with the gneisses and granite, so as to present a general

outline of the structure of the plutonic complex of Central

Anglesey. I do not propose to enter into minute petrographical or

geognostic details : the former being unnecessary for my purpose,

while the latter would be superseded by the expected mapping of

Mr. Edward Greenly. Some corrections were made in the old inter-

pretations of the district by the Rev. J. F. Blake 2
in 1888. In

1 Dec. 2, vol. vii (1880) p. 117.
2 Quart. Journ. Geol. Soc. vol. xliv (1888) p. 463. Details will be given

further on (p. 671).
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the previous year, I had communicated to the British Association
l

an outline of the igneous theory of origin ; and in 1897 I read to

this Society an account of the ' Origin of some of the Gneisses of

Anglesey

'

2 from evidence obtained in the eastern district.

I have to express my great obligations to Prof. Bonney for his

opinion on some of the thin slices of rocks used in this paper
;

to Prof. Theodore Groom for working out certain microscopic

details ; and to Mr. Philip Holland for an elaborate chemical analysis

of the felsite from which the grey gneiss is derived.

II. The Mateeials which compose the Plutonic Complex.

In the eastern district, the materials employed in the gneiss-

making process are mainly felsite and diorite. These varieties

occur also in Central Anglesey ; but associated with them is the

well-known binary granite (haplite) originally called ' Dimetian ?

by the late Dr. Hicks. A fourth variety, which occupies an important

place in this paper, is the quartz-felsite claimed by that geologist as

' Arvonian.' It forms a part of the same magma as the granite,

and must be carefully distinguished from the quartzless felsite, into

which it is sometimes intruded in dykes and veins.

(1) The Diorite and its Modifications.

The diorite is well known. 3
It undergoes numerous modifi-

cations, of which the following are the most important :

—

(a) Hornblende-Gneis s.—This rock forms a large proportion

of the gneissic dome. It will be more fitly noticed farther on

(p. 670, etc.).

(b) Decomposed diorite and chlorite-gneiss.—At the

southern end of the dome, especially on the Holyhead Road, the

diorite is much decomposed. In the old quarry on the south side

of the road, near the -^ milestone, it passes into a soft greenish

rock, with hardly any granite-veins, and with only a few indistinct

traces of foliation. Under the microscope, the latter (579)
4

can hardly be distinguished from a grit. It is composed of angular

fragments in a greenish matrix. The fragments are mainly felspar,

plagioclase predominating. Hornblende comes next in quantity

:

it has broken up along the cleavage-planes, and some of it is

rather drawn out. Some minute, highly refracting granules, which
polarize in brilliant colours, are apparently epidote. Iron-oxides in

crystalline forms are scattered through the slide. The groundmass,
which is not abundant, is mainly chlorite. This rock is clearly a

diorite, which has suffered from crushing and decomposition.

1 Eep. Brit. Assoc. 1887 (Manchester) p. 706.
2 Quart. Journ. Geol. Soc. vol. liii (1897) p. 349.
3 T. G. Bonney, Geol. Mag. 1880, p. 126; J. F. Blake, Kep. Brit. Assoc.

1888 (Bath) pp. 403-406 & Quart. Journ. Geol. Soc. vol. xliv (1888) pp. 479-99.
4 The numbers between parentheses throughout this paper refer to the slides

in my cabinet.
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About 2 furlongs l to the west, on the northern side of the road,

is a long section of rock much of which is similar to the last ; but
some of it is sounder, there is more foliation, and granite-veins are

more numerous.
(c) Mieaceo-chloritic gneiss.—In a quarry on the Holy-

head Road, 1^ furlongs east of the T^- milestone, the rock is of a

greenish colour and rather micaceous. It is penetrated by veins

and small masses of granite. The structure is rather massive, dips

being indistinct. A small quarry displays similar rock 100 yards

to the west-north-west. Half a mile to the south-west, close to

the southern junction with the granite near Boleyn, there is a

good quarry-section of rock of the same general type, but it is more
micaceous, and displays a clear foliation-dip. A thin slice of this

rock (578) shows under the microscope irregular fragments of

felspar, in a chloritie groundmass. Several parallel flakes of a white
mica cross the field, and part of the chlorite is orientated in the

same direction. Some secondary quartz is present. This schist is

apparently formed from the diorite, but the rock has undergone
partial reconstruction, probably under the influence of the adjacent

granite. Prof. Eonney remarks of this specimen that ' the rock

was very probably once igneous.'

(d) Kersantite and biotite-gneiss.—Biotite is normally

developed in the diorite, whenever granite-veins come in abundantly.

We thus get a kersantite where the rock is massive, and a biotite-

gneiss where foliation is produced. These effects were described by
me in 18S7, 2 and have been noticed by other writers.

3 The
evidence, so far as Anglesev is concerned, will be offered on

p. 669.

(2) The Felsite and its Modifications.

I have never succeeded in obtaining a specimen of the felsite in

its original state. The least modified specimen has been recognized

under the microscope by several experts as a true felsite.
4 A

chemical analysis of the rock, taken at a distance of 2 feet from
the above in the same unbroken mass, has been kindly made for

me by Mr. Philip Holland, P.I.C. It is slightly schistose, and
indicates an early stage of the transition from the felsite to mica-

gneiss. I have placed by the side of it an analysis of a rhyolite

1 Localities and distances are taken from the 6-inch Ordnance-map.
2 Kep. Brit. Assoc. 1887 (Manchester) p. 706. See also Quart. Journ.

Geol. Soc. vol. xlv (1889) pp. 478-87 & Geol. Mag. 1894, pp. 217-19. In the

Malvern rocks, hornblende is sometimes (at least) changed to black mica, through
the intermediate stage of chlorite. I do not know whether chlorite has been

changed into biotite in Anglesey, as I have not been able to work out the genesis

of the mica so completely as at Malvern.
3 E. Hill & T. G-. Bonney, Quart. Journ. Geol. Soc. vol. xlviii (1892) pp. 128-

32, 135-37 ; J. Parkinson, ibid. vol. lv (1899) pp. 440-43, 445 ; G. A. J, Cole,

Trans. Boy. Irish Acad. vol. xxxi (1900) pp. 442, 453 et seqq.
4 Quart. Journ. Geol. Soc. vol. lii (1897) p. 351.
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quoted in Geikie's ' Text-book of Geology,'*
l and an analysis of an

American obsidian furnished to me by Mr. Holland.

Granular Felsite, Ehyolitic Obsidian, Rhyolite,
Y Graig, Gaerwen, Medicine Lake. Euganean Hills.

Anglesey. (U.S.A. Geol. Surv.) (Vom Bath.)

Per cent. Per cent. Per cent.

Silica 73-48 7351 76-03

Titanic oxide 0'29

Alumina 1479 14'42 1332
Ferric oxide 0-03 046
Ferrous oxide ... P04 T49 174
Manganous oxide . trace trace

Lime 0'53 126 0'85

Magnesia 043 0"33 0'30

Potash 4-24 4-29 3"83

Soda 4-40 4-03 5*29

Sulphur-trioxide . 003
Phosphorus-pent-

oxide 002 004
Combined water . 0*81 040

Loss... 0-32

10009 10023 101-68

It will be seen from these analyses that the Anglesey felsite

does not differ materially from Yom Rath"s rhyolite, and is almost

identical with the American obsidian.

The felsite, in the first stage of crushing, is converted into the rock

originally known in Anglesey as ' halleflinta.'
2 It then passes

progressively into quartzose and micaceous schists, the phenomena
being similar to those so well seen at Y Graig,3 in the eastern district.

The least modified form of the felsite as it occurs in Central

Anglesey is the ' halleflinta ' of Hicks. The following slide (1) is from
his typical locality (Llanfaelog) : it has undergone greater change
than the type-specimen from Y Graig. In ordinary light, it is

colourless and nearly transparent, irregular clear patches being

surrounded by slightly dingy material, and some opacite in small

patches is present. The clear spaces prove to be mainly quartz.

The dingy patches are largely composed of minute microliths of

white mica lying confusedly intermingled. Some felspar also

appears to be present, but I cannot clearly detect crystalline forms

amid the tangle of mica. Prof. Bonney writes of it, * I think it

is a devitrified rhyolite (or dacite), with sericite forming from the

1'elspathic constituents.'

A specimen of the • halleflinta ' (389) from Porth Nobla shows
more differentiation. The groundmass consists of water-clear

granules of various sizes and definite outline. Some of them are

angular, and are evidently the result of fracture, but most of them

1
1st ed. (1882) p. 137.

2 I made some comments on this rock in a previous paper, Quart. Journ.
Geol. Soc. vol. liii (1897) p. 350.

3 Ibid. p. 351.
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are either roundish or lobe-like. Both quartz and felspar are

present. Some of the mica is similar to the last, but it also occurs

in small flakes, and in thin strings occupying cracks. The signs of

crushing are very apparent. Prof. Bonney concedes this to be

similar to (1) but ' affected by pressure.'

A specimen from Gwalchmai (4) has a groundmass of very

minute irregular fragments, with microlithic mica intermixed.

Scattered through this are large clear patches, some of them with

rounded or lobe-like contours, others being angular. Much of this

clear material is felspar. Prof. Bonney ' strongly suspects ' that

this rock is ' the result of crushing in situ of either a felsite or a

micro-granite.' On the whole he ' inclines to the former opinion.'

These three slides are sufficient to prove an igneous origin for the

rocks which bound the central granite on its eastern side. Towards
the east, these modified felsites pass little by little into quartzose and
micaceous schists. The passage is best seen on the shore near

Porth Nobla, and in the district round Gwalchmai. The following

are a few selected varieties of this schist.

Quartz-schist (34), T y - c r o e s.—The quartzose and micaceous

constituents are arranged in parallel folia. The former are in

rounded and lobate granules of various sizes, the larger being often

aggregated into conspicuous lenticles. A little felspar is present.

Most of the mica (white) is rather minute, but some of it is in

flakes, which, running in lines parallel to the lenticles and one to

the other, give the rock a distinctively foliated appearance. Prof,

Bonney considers it ' a pressure-modified quartz-felsite or micro

-

granite,' and recognizes the mica as secondary.

Quartz-schist (25), Gwalchmai.—A rock similar to that

last-described, but the schistosity is not so well marked. It is

regarded by Prof. Bonney as ' probably of igneous origin.'

Typical mica-schist (461), east of Ty-croes.— Eather
fine-grained. The water-clear constituents, which are mostly
quartz, are in small lobate granules, and the mica (white) in either

fair-sized microliths or flakes, the minerals being evenly arranged

in parallel seams. There are few traces of fracture in the

slide, the rock evidentlyhaving been almost completely reconstructed.

Prof. Bonney thinks that the mica ' dates from the structure, which
may be the result of crash.' He is unable to decide from the slide

whether the schist is igneous or sedimentary in origin ; but raises

no objection to the former hypothesis, if the field-evidence proves

satisfactory. Of this there can be little doubt, since in so many
localities schist of a similar type is seen to pass gradually into a

rock which he admits to be igneous.

Sound mica-gneiss (498), Porth Treeastell.—The water-

clear constituents and the mica (white) are in larger elements than
in the last-described slide, and the foliation is very distinct. There
is a small proportion of untwinned felspar. A comment is made on
this specimen by Prof. Bonney, in terms almost identical with his

remark on (461).
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It is needless to describe further specimens. That the foregoing,

especially (461) and (498), are true crystalline schists will not, I

think, be disputed. Prof. Bonney, in com-
menting on the probable origin of these

schists, sometimes suggests micro-granite

as an alternative to felsite. I have
never seen any mass of micro-granite

in Central Anglesey : the granular

quartzless felsite, so far as I have
observed, being the only source of the

schists. However, I must leave the

elaboration of the details of the schist-

making process to younger workers.

Prof. Theodore Groom, D.Sc, has been
kind enough to relieve my eyesight by

7? examining the water-clear granules of

3 this series of slides in convergent light,

*j and he permits me to use his diagnoses

•£ in the foregoing descriptions.
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I have not forgotten that the crystalline

limestones included in these schists at

Bodwrog and Porth Trecastell may be

thought to indicate a sedimentary origin.

I have long since, however, come to the

conclusion ! that these limestones are

chemical segregations, produced during

deformation. They are associated with
rotten ferruginous schists, intermixed with
quartzose and micaceous bands, and occur

in lenticles, varying in dimensions from
microscopic films to masses several feet

thick. I have not been able to work
out in detail the problem of their

genesis ; but these facts are clearly in-

consistent with a sedimentary origin of

the schists, and tend, I think, to confirm

the view held in this paper.

(3) The Granite (Haplite) and
Quartz-Felsite.

These rocks are intruded into the diorite

and the felsite after the production of

their schistosity, as will be shown later

on. The former have never, I believe,

been affected by earth - pressures to a

material extent.

Rep. Brit. Assoc. 1887 (Manchester) p. 706.
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The granite has been more than once described. 1 It is normally

a haplite. I suspect that the mica which it sometimes contains is

secondary. As compared with the haplite associated with the

diorites of Malvern, its felspar is more largely plagioclastic.

The quartz-felsite is of a normal type. Four slides of this

rock were described by Prof. Bonney 2
in 1880. One of these (6),

which at that time he thought might be a trachyte-tuff, he is now
inclined to regard as cataclastic. Two new slides from other

localities have also been submitted to him, and identified as of the

same class, one of them with a ' granophyric ' structure : both of

these he considers as probably devitrified glasses. I need hardly

remark that the originally vitreous condition of the rock is no proof

that it was ever erupted at the surface.

III. The Relations of the Rock-masses.

(1) The Relations between the Diorite and the Granite.

(a) The Craig-yr-Allor anticlinal dome.—This ellipsoidal

dome of dark gneiss is described in my first Anglesey paper.3 I

have recently reviewed the ground, and inserted on the 6-inch

Ordnance Survey-map a large number of additional outcrops of the

gneiss and the granite. The result is to confirm amply my original

account of the structure of the dome ; but the more minute detail

shows that the granite has sometimes invaded the area of the

gneiss, producing irregularities in the outline of the ellipse. More
clearly, however, than ever comes out the main fact that, at the

margin of the dome, the gneiss, wherever I have seen it, dips

towards the granite. A few additional details will here be given.

The major axis of the ellipse strikes north-east and south-west,

in accordance with the general trend of the band of granitic and
gneissic rocks which passes diagonally across the island, and is

about 3^ miles in length, the breadth of the ellipse being about

1J miles. The curve of the south-western end (see sketch-map,

p. 664) lies south of the Holyhead Road, west of Gwalchmai.
Working along this line from east to west, we find in the quarry

on the south of the road, just opposite Cerig-y-Cathod, and in the

old quarry near the
-fa

milestone, green altered diorite with traces of

schistosity, the dips being a little to the east of south. At Boleyn,

the strikes, seen in the road, are due east and west ; and, in a field

a little farther to the south-west, there is a good section of micaceo-

chloritic gneiss (578) p. 665, with clear dip to south-south-west.

The granite crops out within 50 yards to the south. The strike

of the gneiss, therefore, swings round in a curve, with its con-

vexity facing southward.

On the western side of the ellipse, we begin at the Holyhead Road,

where there is a long section of rotten schist dipping to the west-

1 T. G-. Bonney, Quart. Journ. Geol. Soc. vol. xxxv (1879) pp. 306, 307 ; J. F.

Blake, Eep. of Committee on Microscop. Struct. Older Rocks of Anglesey, Brit.

Assoc. 1888 (Bath) p. 397.
2 Geol. Mag. 1880.. pp. 125, 126. 3 Ibid. p. 119.
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north-westward, and this appears to be the dip at Tai-newydd, a

third of a mile to the north-north-east. Clear north-westerly dips

are seen to the south-east of Clegyr-gwynion ; but a little farther

north, around Treferwydd, and in the old quarry south-east of Tre-

ferwydd, the dips are only slightly to the west of north. North-
westerly dips, however, appear in force to the south-east of Llech-

cynfarwy, and the same dip occurs at Rhen-blas, still farther to the

south-east.

A furlong east of Rhen-blas, near Pentre'r-felin, hornblendic

gneiss crops out at several points with dips to north and north-east.

In one quarry, the foliation-strike curves round, so as to give

these and the intermediate dips in the same visible mass. We are

here at the north-eastern end of the ellipse, for granite comes in

immediately to the north-east ; and close by, to the east, the gneiss

begins its easterly dip.

From the last point, we follow the south-eastern side of the

ellipse. East of Gwyndy, there is a fine section of the gneiss,

apparently plunging to the east-south-east below the granite.

Exposures then become rare, until we approach the Craig-yr-Allor

area. Here the outcrops of gneiss and granite are almost countless.

North and north-east of Ciegyr-mawr, the dip is usually a little to

the south of east. Around Craig-yr-Allor, it is sometimes east or

even a little to the north of east ; but, as we come round towards

our starting point, it becomes east-south-easterly and finally south-

easterly, thus connecting with the south-south-easterly dips on the

Holyhead Road. The angle of dip in this series of sections varies

between low and high ; but the majority of them are described in

my note-book as ' moderate.' that is, from 40° to 50°.

Within the ellipse, towards its north-eastern end, is an area in

which the gneiss is contorted, with strikes deviating not much from

east and west. These are seen at Treferwydd and at several points

to the south, as far as Tai-newydd. I do not know whether they

are continuous across the ellipse by way of Llandrygarn ; but east

of that hamlet and north of Gwyndy, east-and-west strikes are

common. I have never observed these strikes reaching as far as the

marginal junction with the granite.

Granite appears sporadically in masses within the Craig-yr-Allor

ellipse ; but it is not necessary to my purpose that I should anticipate

Mr. Greenly *s expected map. My paper, however, would be hardly

intelligible without an outline-map, which also includes the acidic

rocks to the east of the ellipse (fig. 1, p. 664). It will be seen from

the dips inserted in this map, that the foliation in the dark gneiss

indicates a domical structure, and that at the margin the dips are

uniformly in the direction of the surrounding granite.

(6) The foliation of the dark gneiss.—I have retained

the descriptive term ' dark ' before ' gneiss,' because the colour is

due to more than one cause. It is usually produced by the presence

of either hornblende or biotite, but frequently chlorite appears in

abundance. Epidote and iron-oxide are sometimes present.



Vol. 58.] PLUTONIC COMPLEX OF CENTRA.L ANGLESEY. 671

The gneiss is ' simple,' when it is merely the diorite or one of its

modifications that has acquired a schistose structure ; and ' complex,'

when the simple variety is interbanded with granite-veins. The
latter is an example of ' primary injection,'

l
as distinguished from

a gneiss of • secondary injection,' in which the injected matter is a

product of decomposition, as in the case of some of the gneisses of

Eastern Anglesey. 2

The first stage in the process of gneiss-formation is the production

of schistosity in the diorite. Much of the diorite is schistose

;

but, even in hand-
Fig. 3.

—

Granite-vein in diorite. specimens, the foliated

(About \ nat. size.) diorite may be some-

times seen passing

gradually into the

massive rock. The
granite does not share

in the foliation; for,

whether the veins cut

across the foliation

or run with it, the

granite remains mas-
sive. Fig. 3 shows
this very clearly.

It represents a hand-

specimen, on one side

of which the diorite

is distinctly foliated,

light - coloured lines

of felspar alternating with the dark hornblende. A vein of the

haplite cuts obliquely across the foliation, but is itself quite

unfoliated. It has slightly fused the diorite at the junction, fresh

crystals of hornblende forming a sort of fringe to the vein.

Schistosity in the diorite produced by pressure was first noticed

as occurring at Gaerwen, in a paper read by me before the British

Association at Manchester in 1887 (p. 706 of Report). In the

following year, the Rev. J. F. Blake presented his Report on

Anglesey rocks, and described 3 the phenomena in some detail. He
states that at Gaerwen the constituent minerals of the diorite

have been more or less pulled out into lentides, and that the

rock is sometimes 'crowded with mylonitic lines.' The term
• shearing ' is applied by him to the process which the diorite has

undergone. With these descriptions I entirely agree. A series of

six slides in my collection shows the change from diorite to schist

1 Prof. C. E. Van Hise indicates my 'primary injection' by the term 'in-

jection/ and my ' secondary injection' by the word ' cementation,' Princip. of

X. Amer. Precambr. Geol. 16th Ann. Sep. U.S. Geol. Surv. 1894-95 (1896)

pp. 666-68, 684-88. But surely there is ' injection ' in both cases.
2 Quart. Journ. Geol. Soc. vol. liii (1897) pp. 355-57.
3 Eep. Brit. Assoc. 1888 (Bath) p. 405.

D = Diorite passing upward into hornblendic
gneiss.

G = Haplite, containing epidote. At its upper
margin its constituents are interfered with
the hornblende of the diorite.
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very clearly : the progressive deformation of the hornblende, and
the alteration of the felspar, being the most prominent features in

the transformation.

I came to the Craig-yr-Allor diorite with this information in mind.
This rock sometimes shows some parallelism of its constituents

anterior to crushing, as Prof. Bonney remarks in his notes to me.
But this is not the most marked character of the schistose diorite.

Pour slides (373-376) illustrate this point. They were taken from
the same mass of diorite in Craig-yr-Allor, at distances of a few
feet one from the other. The first (373) was selected as a compara-
tively sound diorite, and the others as illustrating the progressive

change that takes place in it as a shear-zone is approached.

(373) In parts of the slide the hornblende is aggregated into

irregular folia, and a little of it is chloritized.

(374) The rock from which this slide was taken contains some
veins of granite. The structure is distinctly schistose, flakes of

chlorite being drawn out into parallel seams. These flakes often

coincide with cracks (shear-planes), which are further accentuated

by iron-oxide. A little quartz appears.

(•'375) Taken from a point nearer to a plexus of granite-veins.

The structure is similar to that last-described, but there is more
chlorite and less hornblende.

(376) Within a plexus of granite-veins, large and small, with a

general parallelism. The diorite contains little hornblende, but

abundance of chlorite in roughly parallel flakes. Associated with

the chlorite is some brown mica and. a larger proportion of white

mica. Much of the latter is in minute flakes orientated with

the chlorite, and apparently formed contemporaneously with it.

A part of the felspar-crystals contains white mica, but in smaller

elements, some of it in microliths. Shear -planes in this slide are

very marked, running parallel to the foliation. They often pass

through a flake of chlorite, and biotite sometimes occurs in the

chlorite just at the shear-plane, a feature that I have often observed

in the Malvern gneisses. Prof. Bonney agrees that the characters

shown in this slide are not inconsistent with the theory of the

action of a haplite on a pre-existing diorite.

The facts seen in this series of slides are in close agreement with

the descriptions of my second Malvern paper.
1 The Anglesey

diorite resembles the medium-black variety (No. 3) at Malvern,

the granite in both localities is a haplite, and the contact-effects of

the haplite upon the diorite are similar.

The second stage in the process of gneiss-formation is the injection

of granite-veins and the production of contact-effects. These points,

anticipated in the description of the last slide (376), must now be

discussed.

Nearly everywhere throughout the gneissic ellipse, the diorite and

its modifications are penetrated by granite-veins. Their frequency

1 Quart. Journ. Geol. Soe. vol. xlv (1S39) pp. 478-87.
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seems to follow no law, for while they increase in number towards the

margin in the area south-east of Llechcynfarwy and in the section

east of Gwyndy, I did not observe them at all in the schist south-

west of Boleyn, although the junction with the granite is within

50 yards, and they are not numerous in the quarries south of the

Holyhead Road. They vary in thickness between a foot or more
and a line or less. They occasionally cut across the schistosity

of the diorite, either directly or

Fig. 4.

—

Granite-vein in foliated

diorite, Craig-yr-Allor.

obliquely ; but generally they

coincide with it, as if it had
provided the planes of least resist-

ance. Pig. 4 shows a combination

of the two.

Where the veins are few in

number, contact- effects may be

very slight. Sometimes, however,

fusion is produced at the contact,

with aggregation of fresh horn-

blende, as in fig, 3 (p. 671).
Or the fusion may have pro-

ceeded for some distance into

the diorite. In this intermediate

zone, the granite and diorite are

intermixed, hornblende (and perhaps black mica) in aggregates

being immersed in a granitic groundmass. Large phenocrysts of

hornblende also occur away from the diorite, scattered in a granitic

magma. Some of these are corroded at the margin, where they

are in contact with quartz. How far the felspars of the two
magmas are intermixed I have not ascertained.

Abundance of granite-veins in the diorite is usually (indeed, so

far as I saw, invariably) accompanied by the generation of black

mica, and the number of veins appears to be in direct ratio to the

quantity of the mica produced. Where the veining is very close

all the hornblende has disappeared. When the veins lie in the

planes of shearing in the diorite, they are parallel one to the other,

and the result is a banded gneiss, seams of quartz and felspar (the

haplite) alternating with seams of biotite and felspar (the modified

diorite).

I have not succeeded in obtaining microscopic specimens showing
the details of the production of this banded gneiss. This defect

appears to be due to the degree of fusion which the granite has

caused in the diorite. Sharp lines of contact between the diorite

and the invading granite I have not been able to observe, so that

it is impossible to determine exactly in my slides how much of a

specimen is diorite and how much granite. We have therefore to

rely mainly upon field-evidence. We know that the diorite has

been often cut by parallel and closely approximated planes of

division, and we know that an invading granite is much more likely

to penetrate these than to flow in the direction of a fluxion-structure

in a solid rock. We find in the field that the granite-banding

Q.J. G. S. No. 232. 3 a
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normally coincides with the direction of shearing in the diorite,

and we may fairly infer that the injection has followed the pre-

existing shear-planes.

Some of the best sections of the banded gneiss occur in the old

quarry north of the site of Y Werthyr. The beds here lie in a gentle

anticline, and the granite-veins bear a larger proportion to the diorite

than in any other Anglesey locality known to me. They attain

a maximum thickness of 6 inches, but most of them are much
thinner. In one variety of the gneiss, there are six veins, with
interfoliated micaceous films, in the thickness of 1 inch. Under
the microscope this rock (577) is seen to consist mainly of felspar

and quartz, the latter predominating. Twinned and untwinned
felspars are in about equal proportion. The slide is crossed by two
interrupted films of intermixed biotite and chlorite, with a minute
proportion of white mica. Discontinuous cracks coincide with the

films, and may be the partial survivals of the original shear-planes

along which the granite was forced. Both the quartz and the felspar

are moulded to the flakes of mica and chlorite. The felspar of the

original diorite would seem to have been incorporated with the

haplite.

Another specimen of gneiss from this quarry exhibits signs of

crushing subsequent to the final consolidation. The thin slice (575)
is traversed by four subparallel cracks (shear-planes), which pass

with an undulating course from side to side. One of these is filled

almost from end to end with chlorite. The others are occupied

partly by chlorite, and partly by opaque brown matter and biotite.

The opaque matter, presumably iron-oxide, is confined to the cracks

;

but the mica often extends for some distance on each side of them.

The rock in the bands between the cracks is mostly felspar and

quartz. The seams of mica and chlorite have apparently yielded

readily to pressure, and hence are traversed by the shear-planes.

Another variety of the banded gneiss is nearly all granite, the in-

tervening films of mica being so thin as to be just perceptible to the

naked eye. Superficially this rock suggests the gneiss of secondary

injection seen south of the Wych at Malvern. 1 In that example,

the granite is sheared, and infiltration-products, sometimes changed

into black mica, lie between the lenticles of haplite. In this case,

it is the diorite which has been sheared, and the granite has been

injected along the planes of fracture, so that the injection is

primary.

The behaviour of the granite-veins is well seen in this quarry in

strike-sections, some of them running for several yards with uniform

thickness, others thinning out more rapidly. Here and there in the

quarry the veins are fewer and less regular, but the general mass
of diorite has been so densely charged with the haplite that no

hornblende could be detected in it.

I do not think that any original biotite occurs in the Craig-yr-

Allor district. This mineral makes its appearance so uniformly in

1 Quart. Journ. Geol. Soc. vol. xlv (1889) pp. 496-98.
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proportion to the abundance of granite-veins, that the relation

between them of cause and effect may fairly be inferred.

Compressive forces seem to have affected the district repeatedly.

Before the diorite had consolidated, an imperfect fluxion-structure

was produced. After solidification, the diorite was sheared, and
granite was injected along the planes of discontinuity. Subsequently
to the secondary consolidation, shearing took place along the seams
of the softer minerals.

(c) The dark gneiss originally a xenolith of diorite.

—

The mass of diorite the modifications of which gave rise to the

gneisses of the Craig-yr-AUor area is seen in plan to be entirely

surrounded by granite, and as it is almost everywhere penetrated by
granite-veins it must be underlain by the granite, probably at no
great depth. It must once have been of much greater vertical

thickness, for it has been exposed to intermittent denudation ever

since the early part of the Ordovician l
Period. It was therefore

at one time a huge block of diorite, immersed in granite. It may, of

course, have been continuous under the granite with other masses of

diorite. Before the granitic intrusion, the diorite must have acquired

its schistose structure. Whether the domical arrangement of the

schistosity was produced in one period by expansion under constraint,

or resulted from two linear forces acting simultaneously or succes-

sively, I have not sufficient material to determine.

This insulation of a diorite-mass is no new phenomenon. Isolated

blocks and masses of the diorite appear in the felsite 7 miles to

the south-east, in the Llangaffo district.
2 As early as 1885, I

showed 3 that the granite of Northern Donegal contains xenoliths of

hornblendic, micaceous, and quartzose schists. Two years later I

described 4 how granite invades the diorite of County Galway, forcing

its way along the joints, and carrying away with it isolated blocks

of the diorite. In this way pseudo-conglomerates were formed
in Western Galway, and a gneissic rock near Galway town.

Recently, Prof. G. A. J. Cole 5 has recognized similar phenomena
in Eastern Tyrone and Southern Donegal, and he considers that

the relations described as existing between the granite and various

xenoliths ' will probably be found to prevail throughout the whole
of North-west Ireland ' (op. cit. p. 467).

Several other writers
6 have noted the occurrence in the British

area of xenoliths in plutonic magmas ; but I am not aware of any
other example of an insulated mass on so large a scale.

1 Conglomerates of at least Llandeilo age contain fragments of diorite in

Anglesey, as well as pebbles of the haolite, T. G. Bonney, Quart. Journ. Geol.
Soc. vol. xl (1884) pp. 585, 586. See also H. Hicks, ibid. pp. 187-96.

2 Quirt. Journ. Geol. Soc. vol. liii (1897) p. 355.
3 Ibid. vol. xli (1885) pp. 22 ?-24, 227.
4 Ibid. vol. xliii (1887) pp. 518-24.
5 Trans. Eoy. Irish Acad. vol. xxxi (1900) pp. 431 et seqq.
6 J. A. Phillips, Quart. Journ. Geol. Soc. vol. xxxvi (1880) p. 1 ; E Hill

& T. G. Bonney, ibid. vol. xlviii (1892) p. 127 ; A. Harker, ibid. vol. lii (1896)
p. 320 ; J. Parkinson, ibid. vol. lv (1899) p. 430 & vol. lvi (1900) p. 320.

3A 2
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(2) The Relations between the Felsite and the Granite.

The introduction of the new theories of metamorphism also compels
a new reading of the band of acidic rocks which forms the eastern

member of the central complex. Dr. Hicks's interpretation placed
the granite (Dimetian) at the base, followed on the east by quartz-

felsites and halleflinta (Arvonian), which were succeeded by schists

(Pebidian). In 1879, I formed the opinion that the quartz-felsite

and the halleflinta did not rank as a distinct formation, and that

they were separated from the schist to the east by a fault, which
appeared to be necessitated by the old hypothesis. Unhampered by
this preconception, it is not difficult to arrive at the following

results :

—

(a) The quartz-felsite forms part of the same magma as the granite.

(b) TUe halleflinta (modified felsite) and associated schists are penetrated by
the granite and the quartz-felsite in masses and veins.

(a) The quartz-felsite forms part of the same magma
as the granite.—In 1879, I stated that the quartz-felsite occurs

in the granite, and passes without a break into it at two localities,

Pengarnisiog (north-east of Ty-croes) and between Tai-newydd and
Tyn-rhos (north of Gwalchmai). Recently, I have observed a

similar passage at the farm of Pen-yr-argae (south-west of Gwalch-
mai). Sometimes the quartz-felsite forms distinct veins in the

granite : this is seen to the north-west of Gwalchmai, in the Pen-
clegyr ridge, and a little to the west of Plas-einion.

(6) The modified felsite and associated schists are
penetrated by the granite and the quartz-felsite in
masses and veins.—In my descriptions under this head, I will

include the rocks on the same line of strike to the south-west.

Porth Nob la.—On the seashore a little to the west of this

small bay, there is an irregular intrusion of the granite in the

modified felsite (389) p. 666. Near at hand to the east, the felsite

is more compressed, and is penetrated by numerous granite-veins,

which have been rather flattened by the pressure. A little farther

east, the veins are still more abundant, and are squeezed into thin

seams, giving in association with the schists the appearance of

a banded gneiss.

South-west of Gwalchmai.—At the last 'e' of Pen-yr-argae,

the granite is very clearly seen to pierce the felsite in veins. One
of these is shown in fig. 5, p. 677. Near at hand to the east and
north-east, the quartz-felsite is very conspicuous, cropping out in

numerous crags, being easily recognized at a distance by its creamy
tint. It shows no trace of schistosity ; but is extremely jointy, so

that, though hard and sound, good hand-specimens of it are difficult

to obtain. It penetrates the felsite, which is of a greenish colour,

and is more or less schistose, passing towards the east and south into

the well-marked series of quartzose and micaceous schists, which lies

to the south of Gwalchmai. Most of the intrusions of quartz-felsite

were near the granite-mass north of Pen-yr-argae, so that they
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doubtless proceed from the granite in the normal manner. They

occur in dyke-like masses, forming linear crags running parallel to

the associated schistose felsite ; that is, east and west in the fields

immediately east of Pen-yr-

Fig. 5.— Vein of granite in felsite, argae, and north-east and

north-east of Pen-yr-argae. south-west a little farther to

the north-east. One of the

dykes was observed to ter-

minate in thin veins pene-

trating the schist. Several

of the crags that trend north-

east and south - west have

schist dipping south - east-

ward clinging to their north-

western face.

Worth-west of Gwalch-
mai.— A band of granite

runs for more than half a

mile in a northerly direction

from Gwalchmai, cropping

out a little to the north-

west of the Post Office, and
forming a scarp overlooking

the western side of the road

to the nortb. At the southern

end of the scarp, the quartz-

felsite is very clearly seen to

vein the granite, and both

granite and quartz-felsite send

veins into the felsite.

West of this granitic ridge lies a band of the schistose felsite. Tt is

about 2 furlongs broad, and is bounded on the west by the granite-

mass which limits the eastern margin of the gneissic ellipse, the

junction between the two being near Plas-einion. It lies in

a complex synclinal fold, striking north-east and south-west, in

accordance with the general trend of the crystalline rocks of Central

Anglesey. It is very well seen at Plas-einion, with a contorted dip

to the south-east, which, as we go eastward, soon changes to the

north-west, and this dip is maintained up to the junction with the

granite of Gwalchmai. This schist appears to be almost free from

intrusive veins.

East of Gwalchmai, the felsite becomes more and more distinctively

schistose. It is frequently penetrated by small granite-veins,1
as

at Porth Nobla. Two thin slices (377 & 378) of this gneiss were
submitted to Prof. Bonney. They are from the field east of

Bodwrog Church, and are very near to the granite, on which the

church stands. Prof. Bonney considers them ' a kind of mica-

gneiss,' which may have once been a felsite or micro-granite, and
1 Mr. Greenly observes that in Central Anglesey ' quartzose and micaceous

schists ' are penetrated by granite- veins (Geol. Mag. 1896, p. 495).

v V

>-4 7^-

Granite ; E= Felsite.]
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he observes :
—

' I think much, at any rate, of the mica is secondary.'

On my calling his attention to the granite-veins, he writes that he
suspects the ' coarser parts ' of the slides ' to represent rolled-out

veins.' The injection of these schists with granite-veins thus gives

rise to a banded gneiss, of a less common type than the injection of

granite or felsite into a basic rock.

It will be noticed that the relations of the granite to the felsite

and grey gneiss are similar to those described as existing between
the granite and the rocks of the hornblendic dome. Into the non-

schistose felsite, the granite is intruded irregularly, as into the

diorite; but where the felsite is modified into schist, the granite-veins

are usually lenticular. It seems clear that the schistosity of the grey

gneiss had been acquired previous to the intrusion of the granite

and quartz-felsite. The posteriority of the granite to the gneiss is

seen in the old quarry at Treflyn, east of Gwalchmai. Here a rather

massive vein of haplite
1

is intrusive in the schist. The former is

unusually coarse, the pinkish-red felspar being strongly differentiated

from the quartz : it does not display the slightest evidence of

pressure.

That the quartz-felsite is younger than the felsite is well seen at

Pen-yr-argae. The dykes of the former trend, with the schistosity

of the felsite, as if they had been intruded along the planes of least

resistance. But the quartz-felsite is absolutely free from schistosity,

as I have previously pointed out.

(3) The Relations between the Felsite and the Diorite.

The felsite does not appear in contact with the diorite in the

central complex, except at the extreme southern end at Porth

Gwyfen.8 Their relations are more clearly seen in the eastern

gneissose band. The felsite distinctly veins the diorite at YGraig
(north-west of Gaerwen) and in the railway-cuttings near Llangaftb.

It is at the latter locality that the grey gneiss (modified felsite)

encloses isolated blocks and dyke-like masses of the diorite. It

may fairly be concluded that the diorite is older than
the felsite, and therefore the oldest rock in Central
Anglesey.

The following would seem to have been the sequence of events in

the central complex. Diorite was first consolidated. It was then

penetrated by masses and veins of felsite, and blocks of it were iso-

lated from the main mass (or masses), and floated off into the felsite.

The consolidation of the felsite was the next stage. Earth-pres-

sures then affected both diorite and felsite, producing schistosity.

A granitic magma, usually haplite, sometimes quartz-felsite, then

invaded the area, penetrating the diorite and the felsite in large

masses, and sending into them countless veins, which commonly

1 This granite is cut by a dyke of basalt, but it has been no part of my
purpose to notice rocks which do not affect my special enquiries.

2 Quart. Journ. Geol. Soc. vol. liii (1897) p. 354.
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found their way along planes of schistosity, giving rise to banded

gneisses.

Fig. 2 (p. 668) is a generalized section across the central complex,

showing the relations of the granite to the gneisses and schists.

IV. Summary oe Results.

(1) The central complex of Anglesey was originally composed of

diorite, felsite, and granite.

(2) The diorite has been modified into an elliptical dome of dark

gneiss, namely, into simple gneisses by pressure, and into complex
gneisses by pressure plus granitic intrusion.

(3) The intrusion of the granite into the diorite has often pro-

duced fusion at the contact, sometimes with the generation of

biotite in the diorite.

(4) The diorite and dark gneiss form an insular mass surrounded

by granite.

(5) The felsite has been modified into quartzose and micaceous

schists and gneisses, by pressure, and into banded gneisses by the

addition of granitic intrusions.

(6) The quartz-felsites of the area are a part of the granitic

magma.

(7) Both diorite and felsite were modified into gneisses and schists

prior to the intrusion of the granite and quartz-felsite, which are

not foliated.
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36. The Point-de-Galle Group (Ceylon) : Wollastonite-Scapolite

Gneisses. By Ananda K. Coojviaraswamy, Esq., B.Sc, F.L.S.,

F.G.S.
4

(Read June 18th, 1902.)

[Plate XXXIV—Map.]

I. Introduction.

Prof. A. Lacroix 1
has recorded the existence of wollastonite- and

scapolite-bearing rocks in Ceylon. The specimens examined by him
can hardly, however, have come from Galle, as they contain garnet,

a mineral never found in the rocks of the Galle Group described

below. It seems therefore probable that rocks allied to those of

Galle, but differing from them in petrological details, will be found

elsewhere in Ceylon.

I have on a former occasion 2 given a short description of the

Galle rocks, and am now able to supply a more detailed account

of the rocks and to describe their field-relations. There are

excellent exposures at Galle, within the Fort on the western side,

between the Signal flagstaff and the north-western bastion ; outside

the Fort below the north-western bastion ; and south-west of the

Victoria Park near the remains of an old powder-magazine. All

these exposures can be easily visited in the course of one whole day
spent at Galle.

II. General Description.

The Galle rocks differ from normal types belonging to the

Charnockite Series in the following ways :

—

(1) The presence of wollastonite, scapolite, and spbene.

(2) The existence of definite dykes and segregation-veins crossing the foliation.

(3) The absence of garnet, hypersthene, mica, and original hornblende, and
bands of 'granular quartz-rock.'

(4) Somewhat coarser grain.

But resemble them closely in

(1) The variability of chemical and mineralogical composition.

(2) The conspicuous mineral-banding (foliation).

(3) Common strike (about 10° west of north).

(4) The petrological characters of the acid types (especially as regards the

felspars).

(5) The local tendency to graphic structures.

1
' Contributions a l'Etude des Gneiss a Pyroxene et des Eoches a Wernerite

'

Bull. Soc. Mineral. Franc, vol. xii (1889) p. 269 & pi. xii, fig. 2.
2 'Ceylon Rocks & Graphite' Quart. Journ. Geol. Soc. vol. lvi (1900)

p. 602.
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The chief rock-types may be briefly tabulated as follows, though

numerous transitions from one type to another occur :

—

Basic 1. Pyroxene-sphene-scapolite rock. Specific gravity= 3"34.

Intermediate.

Acid

Hocks composed of pyroxene, scapolite, wollastonite, and
graphite, iron-ores, and sphene, often with subordinate

felspars or quartz. 1 Specific gravity=2'99, 2*92.

Similar rocks, with abundant orthoclase-microperthite, or

quartz, or both. Specific gravity =2*90, 2'83, etc.

'4. Rocks formed of orthoclase-microperthite, orthoclase,

oligoclase ; with very little pyroxene, sphene, graphite

;

often rather coarser-grained than types 2 & 3. Specific

gravity=2-64, 2-60.

Coarse-grained quartzofelspathic rocks of* granitoid

^ aspect.

Types 1, 2, & 3 have usually a granular structure, types 4 & 5 a granu-

litic structure. Types 2, 3, & 4 form the main part of the exposures.

There are also (6) acid rocks composed of felspars, quartz, and little augite,

iron-ores, apatite, zircon, etc., occurring as dykes crossing the foliation ; and

(7) coarse wollastonite-orthoclase-quartz-pegmatites.

The acid types (4 & 5) are of somewhat later origin than the

basic, and though generally interbanded, behave on the whole in

an intrusive manner towards them. The latest-formed dykes and

segregation-veins (6 & 7) crossing the foliation are also of an acid

type.

Foliation.—The alternation of grey and white rocks of types

4 & 5 with green and green-and-white rocks of types 2 & 3 produces

a conspicuous banding. (Fig. 1, p. 682; see also Quart. Journ. Geol.

Soc. vol. Ivi, 1900, p. 602, fig. 2.) At the junctions of the different

bands there is a gradual but rapid change from one type to the other.

Quartz, when present, is usually in individuals elongated parallel to

the foliation ; flakes of graphite are similarly oriented, and when
locally abundant may even produce a plane of parting. The
general strike varies little. Occasionally sharp contortions are to

be found, the axes of the sharp folds being parallel to the strike.

These local sharp folds are the result of pressures acting during

consolidation.

Dykes and segregation-veins.—A few dykes of normal
charnockite-like type are found, crossing the foliation at right angles

or obliquely. Such dykes are from 1 to 4 feet wide, and con-

sist of grey and greenish-grey rock, not especially coarse-grained,

in which very fine-grained orthoclase-microperthite is a predominant

mineral, with quartz, a little augite, and sometimes apatite, sphene,

and iron-ores as accessory minerals. They have a specific gravity

varying from 2*62 to 2*67. One such dyke showed traces of a banded
structure parallel to the edges. At the junctions with the matrix,

1 In most cases, not quite all the minerals mentioned occur in the same
slide.
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the minerals interlock, and chilled edges are not found, showing the

contemporaneous character of these ' dykes

s

e

ft*

which are similar both

to normal charnockites

and to the acid varieties

of the Galle Group.

More characteristic are

the coarse pegmatite -

patches and intrusive

veins crossing the folia-

tion (type 7). In these

the component elements

attain a large size and are

frequently idiomorphic,

with the exception of

the wollastonite, which
occurs in large masses

moulding the other mine-
rals (except pyrite, which
however is rare in these

veins). In such segrega-

tion-veins the minerals

wollastonite, orthoclase,

and quartz predominate,

pyroxene being present

in less quantity. Calcite

and apophyllite occur

occasionally, but may be
secondary. The largest

wollastonite - individual

measured 36 x 15 inches;

quartz 11 X 5| inches;

orthoclase 24 inches in

greatest diameter; a hex-
agonal prism of quartz,

embedded in wollastonite,

had a 3-inch prism side.

The pyroxenes do not

exceed a few inches in

diameter, and are not

always present. Scapolite

was not found in the

veins. Some veins consist

almost entirely of wol-

lastonite ; one such, 2 to 4
inches wide, was noted

on the shore between the

Eolus and north-western

bastions. Occasionally in these pegmatite-veins druses are found,

partly filled with calcite. When weathered out, these sometimes

yield idiomorphic orthoclase or apophyllite.
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Weathering.—The felspars are generally very slightly cloudy,

and not quite so fresh as in most of the inland charnockites. The
scapolite exhibits often a fibrous structure due to incipient decom-
position. The rocks generally speaking are, however, very fresh.

In some specimens the wollastonite has been replaced by a minute

quartz-calcite mosaic.

Eelation to the Charnockite Series.—It will be seen from
the map that the rocks of the Galle Group occupy a belt or zone

with normal members of the Charnockite Series on each side.

No actual junctions are exposed, and probably no sharp contact

could be recognized, even if complete exposures were to be

seen. Probably there is rather a gradual transition ; bands of acid

rocks in the Galle Group are quite like acid members of the Char-

nockite Series, showing" the close connection between the two groups

of rocks.

III. Notes on the Minerals.

Wollastonite,—never idiomorphic, but mouldingother minerals;

by no means always present; occasionally replaced by a quartz-

calcite mosaic. Yery large individuals in segregation-veins. It is

interesting to note that Prof. Lacroix emphasizes the original

character of the wollastonite in his Ceylon rocks, which, though
probably not from Galle, are of very similar type.

Scapolite (wernerite),—constantly with small rod-and-lath-

like inclusions parallel to the vertical axis. When decomposed has

a cloudy look and fibrous structure. More frequently present

than wollastonite. Never in large individuals, and not found in

segregation -veins. Like the wollastonite, evidently an original

mineral ; often accompanying quite fresh felspars.

A graphic intergrowth of scapolite and orthoclase-microperthite

(fig. 2, p. 684) occurred at the junction of a small quartz-felspar-

pyroxene vein with a green - and - white w ollastonite- scapolite -

pyroxene rock. It is interesting to compare this intergrowth

with the intergrowths of scapolite and diopside, and scapolite and
orthoclase, which were found in a variety of rock included in the

crystalline limestone of the Hakgala district.
1

Eel spars,—usually orthoclase, with very minute microperthitic

structure ; often showing a peripheral zone of intergrowth with very
fine vermicular quartz. Perhaps raicrocline-microperthite is some-
times present. The microperthitic structure is usually very fine ; in

other cases, the plagioclase-inclusions are larger and distinctly

twinned. Large and small idiomorphic orthoclase-individuals,

without inclusions, occur in the segregation-veins. Some from a

drusy cavity were kindly examined by Mr. Eichard Graham, who

1 A. K. Coomaraswamy, ' Crystalline Limestones of Ceylon ' Quart. Journ.
Geol. Soc. vol. lviii (1902) p. 409.



Fig. 2.—Intergrowth of scapolite and orthoelase-microperthite, near
the junction of a small vein with a more basic type of rock
(xlSX.)

J

[1 = Quartz
; 3 = Orthoelase-microperthite ; 16 = Scapolite, with fibrous

decomposition-products.]

Fig. 3.

—

Microscope-section of a rock illustrating type 1. (xl L2 l/2 .)
20

[14 = Sphene; 16=Scapolite ; 20=Pyroxene.]
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says that ' the forms present are too rough to measure except with

the hand-goniometer ; they are probably

m(I10), 6(010), *(130), c(001), o(Ill), »(021), y(201), ?d(241)
;'

the combinations mbzcony, mbeonycl, mbcon being noted. 'Sections

|| b give an extinction of about 5° and positive bisectrix central/

Plagioclase is not very common in separate individuals, and when
present is usually referable to oligoclase (in one case labradorite).

The felspars, in appearance and behaviour, much resemble those of

the Charnockite Series in general.

Augite,—pale sea-green in sections, dark bottle-green macro-

scopically, probably always belonging to the hedenbergite group. 1

Cleavage well developed. Extinction-angles over 40°. Occasionally

replaced by amphibole, chlorite, calcite, etc., but usually fresh. Eare

in segregation -veins, where individuals do not exceed a few inches

in diameter. On one individual (moulded by calcite) from a small

pegmatite-patch, Mr. Richard Graham determined the forms m(110),

a (100), b (010), o (221 ), and u (111).

Quartz,—irregular elongated individuals in the acid rocks, the

elongation parallel to the foliation. Large idiomorphic individuals

in the segregation-veins. Often opalescent in the coarse quartzo-

felspathic rocks. No quartz-veins occur.

Sphene,—usually present, but never idiomorphic except where
moulded by wollastonite in local pegmatitic patches.

Graphite,—generally present in small flakes, as an original

mineral. Rare in more acid types, and not noted in segregation-

veins. One very thin vein of graphite was observed following a

line of very slight disturbance.

Iron-ores,—pyrite most usual ; magnetite, more or less titani-

ferous, also occurs.

Zircon and apatite rarely observed.

Apophyllite,— small idiomorphic individuals in a drusy cavity

in a segregation-vein. The forms a (100), c(001), p (111) have

been identified by Mr. Graham.

The order of crystallization of some of the minerals is not very

clear. Sphene, graphite, zircon, apatite, and iron-ores are the

earliest ; wollastonite is usually the last mineral to crystallize.

When augite, felspars, quartz, and scapolite are present together,

the structure is generally granular.

IV. Other Localities in Ceylon.

Rocks perhaps allied to those of Galle were brought up from the
shaft of a graphite-mine at Mlhene (Baddegama district). Speci-

mens composed of augite, scapolite, orthoclase, quartz, wollastonite,

graphite, sphene. iron -ores, and calcite in various proportions were

1 See chemical analysis, Quart. Journ. Geol. Soc. toI. lvi (1900) p. 604.



Yig, 4.

—
Microscope-section of rock illustrating type 2. (X 12y2 .)

20 47a

[14 = Sphene ; 16 = Scapolite ; 20 = Pyroxene ; 29 = Iron-ores
;

47 = Wollastonite ; 47 a — Quartz and calcite replacing wollastonite.]

Fig. 5.

—

Another rock illustrating the same type as above, (x 12 l/2 .)

[6 = Plagioclase 14 = Sphene ; 21 = Amphibole ; 49 = Calcite

;

54 = Graphite.]
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found, and have been briefly described by me in a former paper. 1

A quartz-calcite-micropegmatite occurred in one variety. No
information concerning the field-relations of these rocks is available.

Eocks evidently similar to the Galle type occurred in a small

exposure on the shore at Pittiwela, a few miles north of Galle.

Specimens from this locality consisted of augite, scapolite, and
spheric The small exposure seemed to be quite isolated on the

sandy shore.

Some charnockite-limestone contact-rocks in Ceylon resemble rock-

types occurring at Galle, as, for example, the scapolite-augite rock

with sphene, which occurs associated with crystalline limestone at

Herimitigala 2
; but the contact-rocks, on the whole, are of a rather

different type, the absence of wollastonite being especially noticeable,

Prof. Lacroix's specimens indicate the existence of wollastonite-

and scapolite-gneisses in some other parts of Ceylon.

V. Conclusions.

The Galle Group includes a series of rocks allied to, and part of,

the Charnockite Series in Ceylon. Like those of that series, it is

clear that the Galle rocks must be classed as orthogneisses, for they

have evidently consolidated from a magmatic condition. The
wollastonite and scapolite are original minerals, and certainly not

decomposition-products from felspars or other minerals. They are

often associated with felspars which are in a perfectly fresh condition.

This original character of wollastonite and scapolite in some gneisses

rich in lime is well recognized. Wollastonite has even been found

as an original mineral in eruptive rocks.

Possibly the richness in lime of some of the Galle rocks is due to

the total absorption of a large mass of limestone (whether originally

of sedimentary origin or otherwise) by a portion of the Charnockite

Series. It may, however, have been an original character of the

magma. Scapolite-pyroxene rocks are sometimes found at the

junction of limestone and charnockite in Ceylon.3 Wollastonite

has not, however, been found in such situations. If the

absorption - theory be accepted, the lime-silicate minerals must
be regarded as endomorphic contact-minerals. In any case, the

Galle rocks seem to show clear indications of progressive

differentiation from basic to acid types ; the coarse segregation-

veins seem to be the last product of such a process. There is no
reason to regard the graphite-flakes as other than original and
crystallized from the magma.

That the Galle rocks have not suffered from deforming earth-

movements since their complete consolidation is evidenced by their

microscopic characters, and by the segregation- veins and dykes which

1 'Ceylon Rocks & Graphite' Quart. Journ. Geol. Soc. toI. lyi (1900) p. 602,
2

' Crystalline Limestones of Ceylon ' ibid. vol. lviii (1902) p. 407.
3 Ibid. pp. 405 et seqq.



Fig. 6.

—

Microscope-section of rock illustrating type 3. (x 12%.)

3 20

16 16

[3 = Orthoclase-microperthite ; 14 = Spbene ; 16 == Scapolite
;

20 = Pyroxene ; 29 = Iron-ores.]

Fig. 7.

—

Microscope-section of roclc illustrating type If. (xl2%.)

[l=Quartz ;
3= Orthoclase-microperthite (and orthoclase?) ; 54= Graphite

XX = Direction of foliation.]
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are never sheared or distorted, while the interlocking of the minerals

at their junction with the matrix and their actual mineral com-

position, manifest their contemporaneous character and close con-

nection with other rocks of the Galle Group.

EXPLANATION OF PLATE XXXIV.

Geological sketch-map of G-alle Fort and neighbourhood, on the scale of

6 inches to the mile, showing the localities where wollastonite-scapolite

gneisses are exposed.

Discussion.

Prof. Groom asked whether it was not possible that some of the

splendid gneisses described by the Author had been formed by the

intrusion of the more acid materials, along planes of foliation of

a schist produced by the shearing of a solid rock.

The Author thanked the Fellows for the kind way in which they

had received his paper. In reply to Prof. Groom, he said that he
thought the mineral-banding of the Galle rocks was a true fluxion-

foliation. There was no evidence of foliation in the basic portions

of the rocks, previous to the introduction of the more acid portions.

Basic lenticles included in more acid rock were common in the

Charnockite Series, and there were transitions from these through

pinched bands to ordinary mineral-banding. Simple mineral-banding

was chiefly conspicuous at Galle, and this seemed to point to the

squeezing of a ' schlierig ' rock in the course of consolidation, during

which there was perhaps a successive introduction of basic and acid

types, the final residuum forming segregation-veins.

Q. J. G. S. No. 232. 3 b
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37. Alpine Valleys in Relation to Glaciers. By Prof. T.

G. Bonney, D.Sc, LL.D., F.B.S., F.G.S. (Read June 11th,

1902.)

[Plate XXXV

—

Sections.]

Evidently faith in the excavating power of glaciers will not become

extinct in the lifetime of Prof. W. M. Davis, for he has recently

credited them with the making of not only the Alpine lakes, but

also no small part of the valleys.
1 They have produced, in his

opinion, similar effects in Central France also and in Norway.

Into these countries, though I know both fairly well, I cannot

follow him without making an undue demand on the Society's

patience, so I shall restrict myself to the Alps, and in doing this

shall say very little about the Ticino Valley, which in Prof. Davis's

paper occupies a prominent position. That I pass over (although,

as it happens, my own ideas on this subject assumed a more definite

form during a stay in one of its ' hanging valleys ' four years ago)

because I found that my friend and successor, Prof. Garwood, had

devoted some time last summer to testing Prof. Davis's hypotheses

in the place of their nativity, and was no nearer being a convert

than myself. So I have ceded that region to him, and select for

my purpose one or two other districts with which I am not less

familiar, and apparently more so than Prof. Davis, whose method

of dealing with this intricate problem does not strike me as

satisfactory : for, so far as I can discover, he did little more than

travel through the Alps by one or two frequented routes. But a

problem of this kind cannot be solved without examining the upper

as well as the lower parts of valleys, and contemplating the moun-
tains from their peaks as well as from their bases. Under these

circumstances, I think that we are entitled to demand facts and

reasons in support of assertions, and to demur when we find the latter

treated as valid foundations in the construction of an hypothesis.

A thorough discussion of Prof. Davis's paper would be tedious to

the Society, for I should have to take it section by section, and

insert with tiresome iteration either a ' not proven * or a non

sequitur, so I will restrict myself to one of his hypotheses, with

which, in my opinion, his whole position stands or falls. A very

common type in Alpine valleys, according to his observations, is

represented in PI. XXXV, fig. 3, no. I. The more open part above

the dotted line AB he maintains to be pre-Glacial, and the narrower

one below to be the work of glaciers in the Ice-Age. 2 The first of

these positions I do not dispute, though I attach a rather different

sense to the words ; the latter, I hope to show, cannot be harmonized

with the facts.

1 ' Glacial Erosion in France, Switzerland, & Norway ' Proc. Boston Soc.

Nat. Hist. vol. xxix (1900) pp. 273-322.
2 For his arguments I must refer the reader to his paper, but I think that

all familiar with the subject will easily infer them from my own.
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To save time, I will describe in some detail a single Swiss valley

in the Pennine Alps
; for then it will suffice to mention briefly

numerous others which lead to similar conclusions. At Visp a

river bearing the same name joins the Ehone. The area which it

drains includes some of the highest peaks and largest glaciers in the

Pennine Alps ; to the east of it indeed we must travel on the water-

shed as far as the Bernina group, before we find a summit which
reaches 12,000 feet. The Visp River is formed by the union of two
great torrents, so that its plan on the map is a reversed Y, the

western arm being fed by the glaciers around Zermatt, the eastern

by those of the Saasthal ; these torrents unite, each flowing in a deep

gorge, near the village of Stalden. This is perched on the top of a

rocky step—perhaps 400 feet high—in the floor of the valley, which
afterwards remains fairly level and less contracted, though with

steep and craggy mountains on either side, till it enters that of the

Rhone. Measured on the map,1
it is about 8 miles from the junction

of the torrents to Saas Grund.2 The chief ascent in this part of

the valley-floor ends at Balen (4985 feet), some 2| miles below
Saas Grund, the rise being about 1500 feet in the first half and
900 feet in the second. Prom Balen it continues gradual, rising

about 650 feet in rather more than 7 miles,
3 and the valley is

much more open. Below Balen, the valley as a whole takes the

form given in PI. XXXV, fig. 3, no. II ; higher up this is less well

marked, although hanging valleys are sometimes conspicuous.

The most remarkable of these, that in which the popular resort

Saas Fee (5900 feet) has sprung up during the last quarter of a

century, is reached by a steep rocky ascent from Saas Grund
(5125 feet), which brings us to the comparatively level floor of an
upland basin enclosed by a vast horseshoe of snowy mountains,

which attain a greater elevation on the western than on the eastern

side. Beginning with the Mittaghorn (10,330 feet), the crest runs

on to the Egginerhorn (11,080 feet), after which it is interrupted

by a snow-saddle, not quite 9900 feet high. Prom that it again

rises to more than its former elevation, and culminates in the

Allalinhorn (13,235 feet). Thence for a long way it practically

keeps above 12,500 feet,
4 the Alphubel itself reaching 13,803 feet.

Then comes the mass of the Mischabelhorner, the highest peak of

which almost attains 15,000 feet, the gaps at first being about
1000 feet lower. The crest, after the JSTadelhorn (14,220 feet),

begins to decline, but it is now outside the limit of the Pee basin.

All the drainage from the inner side of this horseshoe passes by
Saas Pee, and most of its snowfields combine to form the broad ice-

1 Unless expressly stated, all horizontal distances mentioned in this paper are
thus measured.

2 The ancient village on the bed of the valley.
3 Thus the ascents maybe roughly given :—first, 550 feet a mile; then, about

325 feet a mile ; and lastly, for rather more than half the whole distance, under
100 feet a mile. (See PI. XXXY, fig. 1.)

4 The lowest pass, the Alphubel Joeh, just south of that summit is

12.475 feet.

3b2
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curtain designated the Fee Glacier. If the Allalinhorn, and still

more the Alphuhel, were not snowy mountains, we might regard
the higher passes, or 12,500 feet, as the upper limit of the neve
which supplies the glacier ; but as it is, we will estimate this as

13,000 feet.

How far is this huge corrie a cause, how far a consequence of this

mass of neve and glacier ? Let us see what would be the result of a
rise of temperature of from 6° to 7° Fahr. The effect on the glacier

would be the same as lowering the whole district by 2000 feet.

The smaller glaciers would then disappear, the larger be greatly

reduced in volume. But suppose the rise to be 10° Fahr., equivalent

to an imaginary lowering of 3000 feet ; then the principal peaks
would range from over 10,000 to under 12,000 feet, and the neigh-

bouring passes would be about 9500 feet. The district, in fact,

would resemble the Lepontine Alps, from Monte Leone to about the

Ofenhorn. 1 A further rise of 4° might be roughly represented by
taking off another 1000 feet. Then, with only two peaks in the

Alps overtopping 11,000 feet, with the higher Pennine passes, such

as are mentioned above, at 8500 feet, and most of those in the

Oberland well below the snow-line, though a few small glaciers
2

might linger around Monte Rosa and Mont Blanc, these would
hardly rise above ' the second order,' and over a large part of the

Alps there would not be so much as a snowfield ; for the snow-line

would then correspond with what is now 12,000 feet, or only a little

below the top of the Wetterhorn or the Cima di Jazi. Thus during

the Oligocene and most of the Miocene Period, when the temperature,

according to the accepted authorities, was distinctly higher than at

present, probably some 16° Fahr. in the earlier part, glaciers cannot

have taken any real share in the sculpturing of the Alps, and even

permanent snow-beds could only lend a little help in a few of the

highest regions. At the beginning of the Pliocene Period, when
the last great series of movements was dying away, the snow-beds

probably had attained some size, and glaciers had formed under the

shadow of the higher peaks, which may even have reached their

present limits soon after the middle of the Pliocene Period. Thus
in Oligocene and Miocene ages, to speak in general terms, glaciation

in the Alps was a negligible quantity, its effects coming gradually

into play in the Pliocene. But for some time many districts would

be little affected, because with a temperature 6° or 7° Fahr. higher

than at present there would not be a glacier left between the Simplon

and the Maloja Passes, and even in the Oberland every one of the

great ice-streams would have vanished, for then permanent snow
could only begin at what is now 10,000 feet. On the other hand, if

the temperature were lowered by the same amount, glaciers would

1 We can realize the change by (say) estimating Saas Fee at 3000 feet, the

Schwarzberg-Weissthor as 8850 feet, and Monte Eosa itself as only 12,227 feet,

or hardly equal to the Mont Velan.
2 As I hare pointed out ('Ice-Work, present & past' Internat. Sci. Series,

1896, pt. iii, ch. 1, pp. 232-33) glaciers in the Alps begin to form about

1000 feet higher than the snow-line.
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begin to form at 7000 feet, and the extent of the ice-streams would be

enormously increased. For instance, in the valley above Saas Grand
a field of neve would extend down from the Monte-Moro Pass to

below the Mattmark Inn, and in the Oberland a continuous snowfield

would cover the upper part of the Gemmi Pass.

These conclusions are inevitable, if we believe the climate of

Europe to have been warmer than now in Oligocene, Miocene, and
early Pliocene times, especially in the first and second. They may,
however, be questioned on the ground that the Alps were then

more elevated than at the present time, and have since been greatly

lowered by ' denudation/ This objection demands an answer. No
doubt a great mass of material has been removed ; valleys have

been carved out in rock-masses once continuous ; their floors have

been much lowered ; but is there any evidence that the height of

the crests has been very materially diminished ? Suppose the Alps

—say at the outset of the Oligocene—to be beginning to rise, and
their watershed to correspond on the whole with that of the

Pennines. No sooner did that emerge, than streams would begin

to run northward and southward. Some might trace for themselves

independent parallel furrows ; most of them would combine in

groups, like the branches and trunk of a tree, as we can see when
the tide retreats from a shelving, sandy shore. Suppose subordinate

folds to be presently developed on the north and south of the main
one ; then streams would be caught by the intervening troughs,

and valleys of strike * be formed. But the water in places would
escape through a gap in the crest of the subordinate fold, for it is

very probable that this would not keep at the same level in

every part. These outlets, as the rising continued, would probably

become less numerous, so the water would ultimately escape from

the central range (as at the present day) by very few gaps.
2 This

would be the early history of the great strike-valleys of the Upper
Rhine, Reuss, and Rhone—that extraordinary trough of (mostly)

Mesozoic rock now divided into three by the comparatively low
watersheds of the Oberalp and the Furka.3 The rising in the Swiss

Alps was not marked till, at any rate, after Bartonian times, and
must have been going on during the earlier part of the Oligocene.

The great conglomerate-masses of the Nagelfluh, now generally

referred to the Upper Oligocene, prove denudation to have then

become active, and that which now forms the Rigi indicates the

course of the Reuss through the Bernese Oberland to have been
already determined, although the crystalline rocks, which we now
see rising from beneath the Mesozoics and later sedimentaries at

1 I prefer the old terms ' dip-valleys ' and 'strike-valleys' to the more modern
1 consequent ' and ' subsequent,' as on the whole more expressive. ' Obsequent,'
another new term, ought not, I believe, to bear the meaning given to it.

2 Four : the Rhone, the Reuss, the Rhine, and the Inn.
'' Oberalp Pass (6710 feet), Furka Pass (7990 feet) : probably it may be traced

over the Forclaz (4937 feet) and the Col Ferret (8343 feet), where, however, it

is deranged by the massif of Mont Blanc.
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Erstfeld, could have been but rarely exposed. But, it may be asked,

does not this fact prove the crest at the watershed (now of crys-

talline rocks) to have been higher by the thickness of the vanished

sedimentaries "? That, I think, would not follow, for we must
remember that during this age the northern flank of the Central

Alps would more closely resemble the corresponding part of the

Tyrol at the present day : namely, an outer range of sedimentaries,

like the Austro-Bavarian Alps, and a central one (the watershed)

of crystalline rocks in which, however, remnants of the others were
then more abundant. The Lepontine Alps, during the formation of

theNagelfluh, may very well have been rather higher than at present,

but probably not much ; nor is such a difference necessary, since

the Reuss can still transport similar materials to the level of the

Lake of Lucerne, and even an addition of 2000 or 3000 feet to the

altitude of the range would leave it inferior to the present Ober-

land.
1 The final uplift of this range,

2 with its complicated folds and
thrust-faults, and the elevation of the Nagelfluh to a frontier-zone of

mountains, sometimes rising above the 5000-foot contour-line, may
be ascribed to the series of movements which closed the Miocene

Period and made a land-region of this part of Europe. That, of

itself, would retard the outflow ; but as there is no more change in

the physiography of the Alpine Rhine, Rhone, and Reuss than what
the rock-structures themselves can explain, we may conclude that

the rivers had already sufficient erosive power to keep open their

outlets, and that the central axis of the Alps was not much higher

than it is at the present day.

The Alps, however, may have been lowered by actual subsidence
;

and this objection is more difficult to meet. Indeed, though I see

no reason for supposing that the difference in level between the

crest of the Pennine Chain and the mouth of its lateral valleys,

such as the Vispthal, has materially altered, I should think it

probable that the slope of the great trunk-valleys, into which these

discharge, such as the Rhone above St. Maurice, has been diminished,

and that the great lakes, at any rate, lie in a zone of rather recent

subsidence. This movement, however, I think, has not so much
affected the Alps as a whole as the relative level of certain parts, and

is not likely, even on the former supposition, to have lowered their

crest by more than 1000 or at most 1200 feet. If so, a correction of

some 3° or 4° Pahr. must be applied to the temperatures which I

have used. But as we do not know when, if at any time, to apply

this correction, or, in other words, at what epoch the Alps reached

their greatest altitude, it seemed to me simpler to reason from the

existing state of things, instead of suggesting possible modifications

of uncertain value.

1 The Pizzo Eotundo is 10,490 feet above sea-level ; the St. Gotthard Pass
6935 feet,

2 The effects are conspicuous in the Mont-Blanc massif, and from it as far

as Dauphine.
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Returning to the Fee Alp, we find that its comparatively level

bed is some 6000 feet above the sea, and the ascent from it to the

passes is fairly rapid. It is, in fact, a gigantic corrie with rocky

steps and slopes generally not less than 6000 feet high (see

PL XXXY, fig. 2). At the present time, and at least ever since the

Glacial Epoch, the floor (nearly half a league long) has been raised

by accumulation rather than lowered by denudation. 1 But its rocky

lip is notched by a gorge, which begins just below Saas Pee, deepens

rapidly, and continues to within a short distance of the junction of its

torrent with the Yisp, to which, indeed, this is almost equal in volume.

Let us now examine the main valley (see PL XXXY, fig. 1).

As already said, it exhibits no marked change in level above this

junction, though it becomes rather narrower. After about 3 miles

from Saas Grund, beyond the Zermeiggern chalets (5630 feet) it

begins to ascend more rapidly, taking the form of a glen with steep

rocky slopes on either side, the western one being the more preci-

pitous. At the Distel Alp (4 miles) we have reached 7120 feet, and
then ascend to the Monte-lEoro Pass (9 1 30 feet).

2 Xo high peaks are

in the immediate neighbourhood of this Pass, though I believe such to

have existed at the time when the Saasthal was mainly excavated 3

;

on the eastern side also they are comparatively low for some distance,

but we find them on the west and north-west. The Schwarzenberg
Glacier is the first worth naming which sends its waters to the

Yisp, and it reaches the floor of the valley near the Mattmark Inn
(6965 feet) below the Distel Alp. The Allalin and the Hochlaub
Glaciers come next : the former, which is by far the larger, reaching

the floor of the V-shaped valley. Both of these are enclosed at

their heads by precipitous walls, culminating in the Strahlhorn,

Rimfischhorn, and Allalinhorn. The entrance of the Schwarzenberg
Glacier does not affect the level of the valley-floor ; it is very slightly

steepened for a short distance below the Allalin Glacier, and not

perceptibly changed by the third one.

On the eastern side, the more notable valleys are, the Purg-
genthal, a long glen leading to the Antrona Pass (9330 feet), and
rather similar in form to the main one, the floor of which is at a

lower level, as might be expected from a comparison, even at the

present day, of the two torrents. Then comes the Almagell glen,

running up to the Portjen Grat (12,008 feet) and the Zwischbergen
Pass (10,657 feet): shorter, more distinctly a hanging valley, and
drained by a larger torrent, leaping down a rocky wall in which,

however, it has nowhere cut more than a slight gash.
4 Xorth of

1 We pass great domes of ice-worn rock just before entering the village of

Saas Fee, but the valley-bed is then concealed for a time under pastures

masking slopes of debris.
2 The first stage has an average rise of about 370 feet a mile, the second of

1000 feet.
3 See Alpine Journ. vol. xiv (1889) p. 224.
4 That is, so far as can be seen from Almagell. I once came down the valley

in descending from the Weissmies, but that was 20 years ago, and so I do not
very distinctly remember more than that it was uninteresting.
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this are other lateral valleys, the beds of which are more or less

separated from that of the main one by a steep ascent, but exhibit

less strongly marked characters than those already mentioned.
Above them, this spur reaches its greatest elevation in the Weissmies,
Laquinhorn, and Possbodenhorn—all overtopping 12,000 feet, and
looking down on the deep trench of the Simplon Pass (6590 feet).

To the west of Yisp, three valleys only, the Yal d'Anniviers, the

Yal d'Herens, and the Yal de Dranse, descend from the watershed
of the Pennines to the great trench along which the Phone flows to

Martigny. In the first the stream issues from a deep gorge, the

floor of the v alley being nearly 1200 feet above that of the Ehone.
The rise in the next 4 miles is not quite 1000 feet ; in the next
2 miles, to Mission, near the junction of the Yal de Zinal and the

Yal de Moiry, it is about 280 feet ; after that the floor of the former

rises almost 600 feet in nearly a mile 1

; then the ascent for about

3 miles to Zinal (5505 feet), and for some distance beyond it, is

rather gentle, not more than 200 feet a mile. The Yal d'Herens is

roughly similar. At the mouth is a steep drop and a gorge, but as

the valley is more V-shaped, it is not easy to give exact figures.

The entry, however, of the western and smaller branch—the Yal
Moiry—does not seem to produce very much effect. The V-like

outline, in fact, continues till we approach Evolena (4520 feet),

where a valley, rather short, brings the drainage from the Eerpecle

Glacier. This produces no apparent effect on the depth of the valley,

which, however, is distinctly broadened at the junction. Prom
Hauderes (4747 feet), where the torrents unite, to beyond Arolla

(6570 feet)—well over 3 miles—the ascent is steeper and generally

steady ; but, after running nearly level from below Arolla to some
little way up the Colon Glacier, the usual rapid ascent takes place

to rather high passes and peaks.- The Dranse Yalley consists of at

least three tributaries, and drains a large mountain-area, but as

1 believe its story to be complicated by the upheaval of the Mont-
Blanc range, I shall merely say that it enters the Phone Yalley

at Martigny, after descending a steep-sided V-shaped rocky glen,

which is glaciated almost down to the level of the river.

East of the Simplon Pass, the topography of the Phone Yalley

and its tributaries becomes less simple, aud the dominant features

can alone be noticed. A short distance above Prieg the drainage of

the great Aletsch Glacier, which occupies a kind of hanging valley,

issues from the grand gorge of the Massa to join the Phone.3 About
2 miles beyond this (and so not due to that glacier), a distinct step

occurs in the floor of the main valley between Moril and Lax, after

1 These figures are not quite accurate, for they are taken from villages above

the stream, -which is running iu a deep notch or gorge, but their only error is

to exaggerate slightly the drop from the junction of the valleys.
2 The lowest pass, Col de Colon, is 10,270 feet above sea-level. Some of the

peaks are about 12,700 feet.
3 All the valleys from the Oberland to the west of this are more or less

' hanging valleys,' the torrents from them issuing from a gorge or very steep-

sided V.
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which only two tributaries—the Binnenthal and the Eginenthal

—

descend from the actual watershed on the south : the former being

in its upper part a valley of strike, in its lower, where it is more or

less a gorge, one of dip. The Eginenthal, on the contrary, is fairly

open at its mouth, and the rise for a considerable distance is com-
paratively gentle (rather over 300 feet a mile), till at last an abrupt

ascent (at least 2300 feet) leads to the Gries and Nufenen Passes.

But the outlines of this valley, if we attribute great effects to

glacial erosion, would oblige us to admit that the snowfields near

the Gries Pass (which now are, and, so far as we can tell, always
have been, of minor importance), aided by the absolutely petty con-

tingent from the ISTufenen Pass,
1 plunged at once precipitately down-

ward and excavated the comparatively open Eginenthal. In other

words, the smaller ice-stream of the Eginenthal was more effective

than the larger one of the Einnenthal. The head of the main valley

is also rather anomalous, for its trough seems to extend in a direct

line to the Eurka Pass : the Rhone Glacier occupying a glen more
immediately connected with the Oberland massif. This also is a

kind of hanging valley ; for, from just below Gletsch (5755 feet) to

near Obergestelen (4450 feet) is a rather steep and rocky descent

—

that is to say, the valley in which a glacier would appear late and
vanish early is a more important physical feature than that where
a rather large one still remains.2

The Bernese Oberland, as already stated, was probably more
affected than the Pennines and Eastern Alps by the second great

set of movements : these, however, so far as we can tell, did not so

much initiate features, as intensify those the outlines of which had
been already sketched. But the valleys, especially in the upper parts

of the region, are probably on the whole more modern than in corre-

sponding parts of the Pennines.3 So a few words may be said about

one of the principal Oberland valleys, that of the Upper Aar.4 This

river may be said to rise from a glacier formed by the union of ice-

streams descending from beneath the Berglistock, the Schreckhorn,

and the Einsteraarhorn, between which are passes about 11,000 feet

1 The Nufenen Pass is just over 8000 feet above sea-level ; the Gries slightly

higher, but the glacier crossed on the way to it comes from a rather large neve
occupying a kind of strike-trough between ridges from 10,000 to 11,000 feet in

altitude.
2 It is worth notice that the sudden steepening in the descent of the Rhone

Glacier is but a little higher than the top of the Grimsel Pass, also approached
by a steep ascent from Gletsch. It may also be worth noting, that below
Martigny, the Val de Trient, with the steep ascent to Salvan and the famous
gorge through which that torrent descends to the Rhone Valley, indicates the

water to be far more effective than the vanished glacier as an erosion-agent.
3 This may partly account for the fact that ' beheaded valleys ' seem more

common on the watershed of the Alps than elsewhere. Hanging valleys, so

far as I remember, are rare, except when the water is discharged into the trench

of the Rhone.
* The larger rivers have cut their own paths, like the Lutschine, the Linth,

and the Aar, the last being barred rather than ' stepped ' at the Kirchet. There
are slight steps at the entrances of the tributary Urbachthal and GadmenthaL
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above the sea. The ascent to these is commonly a rocky wall, some
800 feet high, but the slope of the neve below is generally not rapid

and that of the ice-stream almost gentle ; for a considerable length

of the glacier lies between rather over 8000 feet and rather under
7000 feet above sea-level. From its foot (about 6200 feet) the

valley retains its dominant features for perhaps 2j miles, except

that it tends to become narrower, its bed being rather flat and stony.

Near the Grimsel Hospiz (6160 feet), famous for the surrounding
roches moutonnees, the Aar turns sharply from north-east to

north-north-west, and begins a rapid descent for about 1500 feet

through the Upper Haslithal. In section, this part of the valley is

a regular V, cut completely in crystalline rocks, which, as is well-

known, are wonderfully ice-worn, and the marks of the glacier may
be traced in places to within 2 or 3 yards of the torrent. A rise in

temperature of 10° would probably efface the Unter-Aar Glacier,

and give us in its place a rather trench-like valley, at the head of

which the rock-wall of the Strahleck would rise from a snow-
bed of very moderate size. If, then, this upper trench, now mostly

occupied by glacier, be the work of the ice, so must be the lower part

below the Grimsel. Yet that is a regular V : its buttresses, though
wonderfully moulded by ice-action, still retain the ridges character-

istic of sculpture by ordinary meteoric forces, and shallow glens

may be occasionally seen on either side, descending from the moun-
tain-crests. Though the ice has nowhere left its mark on the

Alps more conspicuously than here, it has not been able to obliterate

the leading lines of a waterworn valley.

It would be easy to multiply instances from other parts of the

xllps. These exhibit varietal differences, according to the nature of

the rocks ; and the physical features of the limestone-districts differ

in some respects from those of the crystalline. But, speaking of the

latter only (in order to avoid too much complexity), I may say that

all the valleys, small and large, in the lower as well as the higher

districts, are shaped on the same general pattern, the superimposed

effects of ice becoming more conspicuous as we get farther from the

sea-level, and nearer to their heads. The evidence, so far as I can

read it, indicates that the isolation of a tributary from the principal

valley—in other words, the conversion of the former into a 'hanging

valley,' depends upon whether the latter could become the path of

a powerful, and especially of a glacier-fed torrent—that is, it is

very much a question of the forces and of the environments. In
the Cottian Alps, from which glaciers have practically disappeared

and where the streams are generally clear, rock-gorges, so far as I

remember, are not as a rule conspicuous. But in Dauphine, in all

the great mountain-mass connecting its central peaks with the

Aiguilles of Mont Blanc, throughout the valleys and passes of

Switzerland, and in the Tyrol (of all which I can speak from

personal knowledge), I have observed only varietal distinctions,

together with many common features which appear to me inexplicable

on any hypothesis of ice-excavation ; and have not found one which
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does not harmonize with the work of heat and cold, of rain and rivers,

guided, of course, by the results of earth-movements. 1

Personal examination of every part of the Alps, of the Pyrenees,

the Apennines, Scandinavia, Auvergne, and many other hill- or

mountain-regions, has led me to the following conclusions :

—

(1) That the action of permanent snow is more conservative

than destructive.

(2) That the erosive effect of a glacier is at a minimum beneath

a comparatively level ne've, such as is often found at the base of a

rock-wall, not seldom from 300 to 600 or 700 feet high.

(3) That cirques, corries, and bowl-like heads of valleys are mainly

the work of water, their forms depending on local circumstances :

they are made on a small scale by rain and its runlets, on a larger

by streams.
2 They are not restricted to glaciated regions, though

permanent snow-beds, other things being equal, favour the formation

of the first and second. The principal cirques in the Alps exist in

regions where the peaks do not rise so high as 11,000 feet, and are

sometimes considerably below this ; their floors are not at very high

levels—under rather than over 4000 feet. In other words, cirques

occur on the grandest scale where the ice would have the smallest

extension, the shortest duration, and the least erosive action.

(4) That while running water is very obviously competent (with

the requisite environment) to carve out cliffs on a grand scale, no
proofs have been brought to show that a glacier can do this on any
but a small scale. Indeed, in all cases that I have seen, it appeared

more probable that the ice had only modified a cliff already in

existence, than that it had hewn one out by itself. We need also

something better than vague assertions about ' broken-bedded

valleys ' before we can regard it as proved that a glacier can hew
its rocky floor into great steps. We may fairly appeal to the Unter-

Grindelwald Glacier, for its ice-curtain has been partly withdrawn
during the last 40 years ; when we examine the steps which it has

exposed, these ajjpear to have preceded the ice, and to have had
only their edges rounded off by it. Indeed, my imagination will

not enable me to picture a glacier in the act of cutting steps in a

subjacent mass of rock.

Again, the obstacles which projecting rocks, or ridges like those

of Sion, present to Prof. Davis
?

s excavating glaciers, cannot be

1 The features of the Saxon Switzerland are often thoroughly Alpine. There
are little gorges in the glens leading to the Elbe, and lines of castellated summits,
which in a photograph might be taken for scenes in the Dolomites, yet these

are seldom more than about 1500 feet above sea-level, so that glaciers, if ever
they formed in this region, would be very short-lived.

2 See my paper on 'The Formation of Cirques' Quart. Journ. G-eol. Soc.

vol. xxvii (1871; p. 312. During the 30 years which have elapsed since that

paper was written, I have revisited some of these cirques, have examined many
others, great and small, and have been continuously observing the forms of
valleys, and I am more than ever convinced that I have rightly interpreted the
teaching of Nature. Such contours as are represented by Mr. Barker (Trans.

Eoy. Soc. Edinb. vol. xl, pp. 232-41) are to be found associated with, but are
not characteristic of, glacial action.



700 PROF. T. G. BONNET ON [Nov. IC)02,

removed by merely stating that they may be masses left by the

ice, as islands are by running water. He ought at least to show
some reason—such as the occurrence of unusually hard material,

for their escape from the oppressor. Now certain of these I know,
especially that at Sion, and venture to say that he will find this

difficult.

Again, a wonderful faith in ' strong glacial erosion ' is required

before we can believe the upper part of the Gasterenthal to have
been excavated by a glacier. I have ventured to maintain that

the far humbler Kirchet presents serious difficulties
1

; and how any
such hypothesis is to fit the widening of the valley above the Klus
on the Landquart, or the step down to Klosters from the valley in

which Davos lies—a region even now with few and small glaciers

—

to mention no other cases, passes my comprehension.

(5) Beheaded valleys, the executioners of which, as has been
proved at the Maloja Pass, have been the ordinary meteoric agents

(working in this case from the Italian side of the Alps, where
fluviatile erosion would be more active than on the northern side),

are more common on the main range, because there these agents

have been longest at work.2

(6) When not thus beheaded, a valley commonly expands in its

uppermost part (though occasionally it keeps the furrow-form to but

a little below a pass). This expansion is somewhat on the corrie-

type, a ' wall,' or at any rate a steep rise, forming the last portion

of the ascent. As the rills gather into streams, and these into rivers,

the valley becomes more V-like, the slope of the sides steepening

as the torrent increases in erosive strength : so the Y-type (where

the rocks are unchanged) probably indicates a rather rapid increase

in the power of the torrent.
3

(7) In all parts of the Alps we can trace, beneath the undulating

contours impressed by the glaciers, the ordinary features due to

other meteoric agencies. The broader outlines of the valleys,

whether those at higher elevations, which are still occupied by neve

and glacier, or those at lower, which are either bare or merely

patched by one or two snow-beds,—valleys, in short, which snow
and ice have occupied since Pliocene times, as well as those which

they only invaded in the Ice-Age,— are in all cases practically

identical, provided the rock is similar.

I have been obliged to speak rather dogmatically, because if

every statement were fully proved, the details would be so numerous

1 Alpine Journ. vol. six (1899) p. 29.
2 See Alpine Journ. vol. xiv (1889) pp. 224-32, for details. The crest of

the Pennines at the head of both branches of the Vispthal affords, as there

explained, wonderful instances of this process. I have little or no doubt that

the snowfields on the Monte-Moro Pass, and others in that neighbourhood,

were once much more extensive and rose to a greater elevation.
3 I may refer for details to the chapters on mountains and valleys (pp. 55-

157) in "the ' Scientific Study of Scenery ' London, 1900, by my friend

Mr. J. E. Marr, from which I should differ at most on one or two points of

detail.
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as to become wearisome. These can be produced, if necessary. 80

I venture to conclude this communication, already somewhat prolix,

by a brief statement of the ideas concerning the valley-sculpture of

the Alps, which have gradually developed themselves in my mind
from a study not of books, but of Nature, in the course of visits, which

are now 30 in number. This sculpture began in Oligocene ages,

when the central axis, which still forms the watershed, dominated

greatly over the ranges north and south ; it continued through most

of the Miocene, though it was at its maximum, at any rate in the

transport of materials, when the Nagelfluh pebble-beds were deposited

:

for during these periods the rainfall on the Alps, owing to the

different arrangement of sea and land, was probably heavier than it

is at the present time. At first there were no glaciers, for some
time not even permanent snow-beds. Then denudation—peak- and
valley-sculpture alike—was of the ordinary kind, which became
more active as the temperature slowly declined. The Miocene

Period, as it approached its end, would witness two changes : (a) the

beginning of the second great Alpine uplift; (6) a marked extension

in the area permanently covered by snow, and thus the formation

of real glaciers.
1 This second change would restrict, or even arrest

the action of small streams in the upper glens, and would intensify

that of the main torrents ; in other words, there would be less

rake-scratching in the upland glens, and more furrow-cutting in the

valleys. The latter process would become more conspicuous during

the Pliocene, as the glaciers continued to increase in size ; but it

mnst be remembered that, as the ice occupied more and more of a

valley-floor, it would protect the newly-annexed territory from
other agencies than the ice-plane.

2 In a system of valleys, denu-

dation would be checked on the whole in the higher tributaries, and
intensified in the piincipal channels of discharge. This would lead

to the formation of ' hanging valleys,' and as they developed the

torrents from them would acquire a plunging force and begin to cut

gorges.
3 This process in many cases has continued ever since,

though perhaps it might slacken in the higher regions when the ice

had a very great extension : for at the present day the torrents

which flow from glaciers are much reduced in volume during the

winter. That season I presume may be regarded as a temporary

relapse into the climatal conditions of the Ice-Age. 4 Therefore I

maintain that not only does Prof. Davis's hypothesis derive little

1 This would be when the mean temperature of the Alpine region (supposing

the height to be the same) was 6° or 7° Fahr. higher than it is at the present

day.
2 The main sub-glacial torrent, especially if it had already cut a gorge, would

of course continue to deepen this.

3 It is worth noting that in the Alps when streams at the present day are fed

by lakelets or snow-beds, gorges, as a rule, are insignificant or absent ; the great

gorges, at any rate in the crystallines, are the paths of glacial torrents.
4 The streams would have great erosive force during inter-Glacial times (when

the Deckenschotter and the great valley-gravels were formed) ; but, so far as

I can judge, the glaciers would even then extend beyond their present limits,

and thus the districts with which I have been chiefly concerned may have been
more or less covered by snow or ice all through the Glacial Epoch.
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support from facts, but also the Alpine valleys are almost wholly

pre-Glacial. The upper and broader parts—say those higher than
800 feet, more or less, above the present beds 1—are chiefly pre-

Pliocene work ; the narrower (V-like parts) below were formed in

part of that Period ; the gorge-cutting dates from later Pliocene

onwards ; while the superficial moulding, some shallow tarns in special

situations, the roches moutonnees and the general smoothing,

are the work of the Ice-Age. Many upland valleys were cut down
to the curve of no-erosion at an early date—perhaps even by the

beginning of Pliocene times ; though in others denudation might

be again started by the change in level which closed the Miocene
Period. Except for the cutting of gorges and the destruction,

of peaks and crests, denudation in the Alpine regions now pro-

ceeds with comparative slowness, 2 and many streams over the

greater part of their course are actually raising, instead of lowering

their beds.

EXPLANATION OF PLATE XXXV.

Fig. 1. Section along the bed of the Visp, from the Monte-Moro Pass to near
Visp, on the scale of f inch to the mile.

2. Section across the Saas Valley, from Grnndberg to the Alphubel, on the

scale of li inches to the mile.

These sections have been constructed from the contour-lines in the

'Topographischer Atlas der Schweiz,' without any attempt to indicate

cliffs or minor irregularities. As the second one crosses the Visp very
obliquely, it materially diminishes the lower slope on either side.

From Saas Grund to Saas Fee is a really steep ascent ; in other words,

the true section of this part of the valley is more V-like than it

appears in the diagram.
3. I. Section of glaciated valley, according to Prof. W. M. Davis.

II. Section of glaciated valley, according to the author.

AB= Bed of pre-Glacial valley ; C= Glacial valley
;

QR= Highest level of glacier.

[For the Discussion, see p. 716.]

1 It is impossible to give a very precise figure—according to circumstances,

it may be more or considerably less.
2 In the latter case I should think that it was most generally active from rather

under 8000 to over 9000 feet. Above this limit, generally speaking, only cliffs

are exposed, the slopes being protected by snow.
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I. Introduction.

During my visit to the Eastern Himalayas in 1899, I was much
struck by the discordance of certain of the tributary valleys to

the main valleys which they feed in the district of Jongri, near the

south-eastern foot of Kabru. While making a plane-table survey

of this district, I arrived at certain conclusions with regard to the

origin of these valleys, which I have already published in the

journal of a kindred Society.
1

I was, therefore, much interested

when my attention was drawn to a paper by Prof. W. M. Davis on
' Glacial Erosion in the Valley of the Ticino,'

2
in which the hanging

valleys in the lower part of the Val Ticino are attributed to the over-

deepening of the main valley by ice. His theory of their origin

may be briefly stated in the following paragraph taken from the

paper above cited :

—

' The deepening of a glaciated valley for a good part of its length is thus seen

to be a general result of glacial erosion ; it is accompanied throughout by dis-

cordant or hanging lateral valleys, and the production of a lake in the
distal portion of such a valley is but a subordinate result of
glacial action.' (Op. cit. p. 152.)

This theory of the origin of hanging valleys is diametrically opposed

to the one at which I had arrived, from a study of similar valleys

in the Sikhim Himalayas. Coming as it does, however, from one

of our foremost exponents of drainage-problems, it deserves most
careful consideration.

I propose, therefore, first to consider all the evidence available

with regard to the possible modes of formation of the hanging

valleys which occur in the Val Ticino itself, and afterwards to bring

to bear on the question any evidence from similar phenomena in

other districts, with which I am acquainted, which may tend to

throw light on the origin of the Ticino valleys.

x Geogr. Journ. vol. xx (1902) p. 13.

- ' Appalachia ' vol. ix (1900) pp. 136-56 w. figs. & pis. xv-xvi.
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In the first place, I feel that I owe to Prof. Davis an apology for

entering as a critic into a field of research which he has made so pecu-

liarly his own. I should like to urge, however, as an extenuating

circumstance that, though I have written little, I have lived a large

portion of my life among the glaciers of the Alps, and in particular

in the neighbourhood of the St. Gotthard range. Had Prof. Davis

selected any other district but the Val Ticino, I should most likely

not have considered myself justified in criticizing his facts and con-

clusions ; but with the Yal Ticino I have had a loug and intimate

acquaintance, having traversed it on an average twicea year for

upwards of twenty years, either on foot, in coach, or by train, and
have a personal knowledge of nearly every gully and lake between
Airolo and the Lago Maggiore.

Under these circumstances, I feel bound to suggest an alternative

origin, for the discordant lateral valleys which Prof. Davis has

described, from that which he has advocated— a theory as to their

origin which has been considerably strengthened by a study of the

hanging valleys which I have met with in Sikhim and elsewhere.

II. Hanging Valleys of the Val Ticino.

To the accuracy of the facts stated in Prof. Davis's excellent

description of the main features of the Val Ticino between Griornico

aud Biasca I can fully testify. The basal cliffs, the gentler slope

forming benches above, and the open character of the valley below

Biasca are familiar features ; and I quite agree with him that

' the benches seem to be the remnants of the slower slopes of an ancient wide-

open valley, in whose floor the present cliff-walled deeper valley has been

eroded ; and this supposition is confirmed when it is found that the high-

Btanding lateral valleys are systematically related to the ancient rather than to

the modern valley-floor.' (0_p. cit. p. 146.)

But when we come to the statement (op. cit. p. 147) that

' The famous corkscrew tunnels .... are therefore to be regarded, along with

the stone posts of the grape-arbours in the vineyards about Biasca, as indirect

consequences of glacial action,'

we have reached the gist of the matter, and I must join issue;

for I cannot admit that this assumption of the over-deepening

of the lower portion of the valley by direct ice-erosion is at all

borne out by the facts of the case, even if we adopt Prof. Davis's

own line of argument, although, as I shall endeavour to showr
,

ice has, in my opinion, been probably the indirect cause of the

formation of the hanging valleys, but in a very different manner

from that advocated by Prof. Davis.

Let us review the evidence brought forward to support the theory

ihat the lower portion of the main valley below the benches and

below the mouths of the hanging valleys has been entirely excavated

by ice. This evidence rests on two facts : (1) the steep character
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of the main-valley wall below the level of the hanging valleys
;

and (.2) the absence of

' overlapping profiles, entering the valley from one side and the other alternately,

and concealing the more distant parts of the valley -floor.' l

The first of these arguments does not by itself afford any evidence

of overdeepening by ice, as we have plenty of instances of river-
gorges with inaccessible sides and subparallel walls. No one, for

instance, imagines that the canons of Colorado or the gorge of the

Yia Mala owe their origin to overdeepening by ice; and this

Prof. Davis would be the first to admit. It is, therefore, on the

second statement—that the characteristic 'crossing spurs' are absent

from the Yal Ticino—that the ice-excavation theory relies, sup-

ported by the presence of the hanging valleys and the steeper grade

of the main-valley walls beneath.

Now, the hanging valleys described by Prof. Davis are all situated

a short distance above or below Biasca, and his description of the

valley's characteristics is entirely drawn from this portion of the

Yal Ticino. The valleys below Biasca are complicated by the results

of the additional drainage from the Yal Blenio ; and as the portion

above Biasca contains three of Prof. Davis's typical valleys, namely,

the Yal d'Ambra, the Yal Nadro, lind the Yal Cramosina, I propose to

confine myself to a description of the features of the Yalle Leventina

between Airolo and Biasca. For here we have but one main valley,

running between two parallel ranges, which receives no sudden

access of drainage at any portion of its course, the conditions under
which any of its features were produced being consequently the same
throughout.

If we examine the entire length of this valley, we find that the

hanging valleys are by no means confined to the three just above

Biasca, before mentioned, but occur at intervals right up to Piotta,

3 miles below Airolo, where the torrent of La Poos 2 plunges from
the lake of Pdtom in the Yal Piora, by far the largest hanging valley

in the district. Farther up again, the Yal Tremola, draining the

St. Gotthard Pass, though partly cut back, comes under this category

;

and higher still, in the Yal Bedretto, the trench-like appearance of

the valley and the precipitous character of the lateral streams are

very marked features for a considerable distance. Among others,

I may cite the Yal Piumogna opposite Faido, and the Yal Chironico

above Giornico. Both of these are every whit as discordant in their

relation to the Yalle Leventina as those mentioned near Biasca, and
whatever theory we adopt as to the mode of formation of one must
apply equally to all.

I do not wish here to discuss the faulted character of the valley-

floor above Faido, as I do not think that this has influenced the

formation of hanging valleys, except to hasten the deepening of

1 See Prof. Davis's paper, ' Glacial Erosion in the Valley of the Ticino

'

Appalachia, vol. ix (1900) p. 142.
2 Misprinted ' Foss ' on the section and map, PL XXXVI.

Q. J. G. 8. No. 232. 3 c
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main valleys, especially perhaps above Airolo where the softer

Jurassic beds have been let in.

A glance at the accompanying map (PI. XXXVI) shows that,

although the valley between Biasca and Giornico is fairly open,

this is by no means the case above the latter village ; and, instead

of the trough-like character described by Prof. Davis as typical

of a valley overdeepened by ice, we have exactly the features

shown in fig. 1 of his paper 1
as characteristic of a water-cut valley,

spur after spur overlapping in the distance, while the river winds
sharply between its rocky walls. Thus, through Monte Piottino,

the valley makes a double rectangular turn, necessitating two of

the famous spiral tunnels above Paido, and similar overlapping

profiles occur near Lavorgo, below Paido (see PI. XXXVII, figs. 1

& 2, and explanation). Between these points, immediately opposite

Paido, lies the hanging valley of Piumogna. Higher up again, nearer
Airolo, we have two undoubted river-gorges, near Madrano and
Brugnasco respectively, the former being so canon-like in character

that for both road and railway it has been necessary to resort to

tunnelling (PI. XXXIX, fig. 1).

We see, then, that the Valle Leventina shows all the features

typical of a valley excavated by water, especially as regards the

steeper basal trench represented in fig. 3 of Prof. Davis's paper. 2

The more open portion, near Biasca, presents no features inex-

plicable by ordinary river-erosion, and the width of its floor is

undoubtedly increased by the deposition of shingle washed down
from the upper valley, giving a much flatter character to the section

than it would otherwise possess. The only abnormal features,

therefore, are the hanging valleys, and these occur equally in the

upper portion of the Valle Leventina, where (as we have seen)

sections of the basal trench of the main valley between them are

undoubtedly river-gorges as shown above. There is, then, no direct

evidence that the overdeepening of the main valley, which has
resulted in the production of the discordant lateral valleys, is due
to erosion by ice ; and it remains to account for the presence of

these valleys by the ordinary process of river-excavation.

Now, all that would be required to produce the discordance in

question would be an acceleration of the main Ticino River without
a corresponding acceleration of its tributaries. This would im-
mediately be produced were an elevation to take place at the upper
end of the Val Ticino, whereby the grade of the valley should be
perceptibly increased, while the lateral valleys were merely tilted

sideways. That such an elevation has taken place I have, for some
time past, considered as the only explanation possible of certain

other phenomena in the district. Most of these do not directly

bear on the subject in hand, although I think that the hanging
valleys are but incidents connected with much larger problems of

drainage on the southern side of the Alps, of which the formation

of the Italian lakes constitutes an integral part.

1
' Glacial Erosion in the Valley of the Ticino ' Appalachia, vol. ix (1900)

p. 142.
2 Ibid. p. 146.
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There are, however, three important facts which bear directly on

the point at issue. The first of these is the striking manner in

which many of the lateral tributaries enter the Ticino by gorges

which point up stream. It was when seeking a solution of this

curious phenomenon, that the idea of an elevation of the upper end
of the district first occurred to me as the only possible explanation

of the tilting of these gorges from their original vertical position.

Another significant fact is the manner in which the drainage of

the Yal Piora has collected at its lower end to form Lago Bitom

;

and the third is the past history of the drainage of the Val
Piumogna, opposite Faido.

The question of the origin of the group of lakes in the neigh-

bourhood of the Yal Piora is one which I must leave till another

occasion ; but it seems probable that, should an elevation of the

upper end of the Yal Ticino have taken place as postulated, there

would be a tendency for the drainage to collect at the lower end
of the Yal Piora, until such time as a gorge should be cut

down to a sufficient depth to drain off the accumulated water.

That this result would be indefinitely delayed may be expected,

when we remember that, on the first formation of the lake, all the

transported fragments by which the work must be effected would
be deposited at the upper end of the lake to form the delta on which
the farm-buildings of Campo now stand, and only clear water would
lap over into the old channel : the resulting fall has gradually cut

back a gorge in the old valley below, but has not, as yet, appreciably

affected the level of the lake above.

The direction of the ancient drainage of the Yal Piumogna is

another instance bearing on this question. In former times, the

river appears to have drained westward from the hamlet of Dalpe by
Prato, entering the Ticino where Morasco now stands, being headed
off by the rocks of Monte Piottino so as to enter the Ticino up
stream. This old depression is a conspicuous feature, and was the

line followed by the old Roman road which climbed over Monte
Piottino, past Prato and Cornone, to avoid the river-gorge below.

After the elevation, the river was diverted to the east at right

angles to its former course, and now falls in a series of cascades

into the Ticino opposite Faido ; the relics of the lake thus formed
are seen in the deposit of alluvium in the valley above the fall.

1

The questions now remain, When did this elevation take place ?

and to what was it due ?

One point seems perfectly clear, namely, that it originated at all

events before the last occupation of the valley by ice. This is

shown, not only by the polished sides of the overdeepened portion of

the main valley, but also by the rounded edges of the hanging
valleys where these debouch into the Yalle Leventina. The steep

rock-walls on the western bank of the Ticino below Faido, however,

are deceptive in this respect: the smooth slabs over which the

1 See K. von Fritsch, ' Geognostiscke Karte des Sanct Gotthard ' Beitr. z.

Geol. Karte d. Schweiz, vol. xr (1873).

3c 2
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rivulets cascade, which at first sight seem to point to great glacial

erosion, are in reality due to planes of foliation in the gneiss.

This is proved by the manner in which many of these smooth
surfaces pass under the overlying slabs, while the truncated edges

of these beds are sharp and angular, although they face up stream.
In many cases, also, as under Calonico Church, the recent rock-falls

from the surface of these slabs can be seen below.

This elevation may possibly have been initiated in pre-Glacial times

as a final stage in the orogenic uplift in the late Pliocene Period.

I, however, incline to the belief that the hanging valleys were
produced during the warmer inter-Glacial Periods, the existence of

which in the Alps, first suggested fifty-five years ago by Collomb, has

been now clearly demonstrated by the researches of '» ,mes Geikie,

Penck, Blaas, Bcehm, and others. Thus Prof. Penck l attributes an
excavation of 720 feet in the valley of the Iller to river-erosion,

during the mild period antecedent to the last advance of the Iller

Glacier.

So far as I am aware, no lignite-deposits of this age have been

recorded from the Val Ticino ; but should any occur, I would expect

to find them on the upper benches above Faido, between Mairengo

and Calpiogna, and on the corresponding plateau between Dalpe and

Prato. Possibly the lake-deposits mentioned above might contain

remains of this inter-Glacial flora, while the presence of a fragment

of a lower bench at 816 metres may indicate a succession of at least

two former valley-floors.

One fact which seems to be more and more clearly established

every year, is the tendency shown by all glaciated districts to

undergo elevation as their covering of ice melts away. I need only

recall the raised beaches of Spitsbergen, Franz-Josef Land, Nor-

way, and North America, leaving out of account for the moment the

Himalayas and the Alps themselves. One of the most interesting

points recorded in a recent report of the Norwegian Geological

Survey, is the coincidence of the greatest post-Glacial rise with the

area of the greatest depression below the axis of the inland ice.
2

If this rise be accepted also for the xllps, after the maximum period

of glaciation was passed, we have at once a solution of the problem

of the hanging valleys. As the ice melted back, torrents of water

would be discharged from the fronts of the retreating glaciers,

and, as the country rose, the main river would rapidly deepen its

valley, while the lateral valleys would not only remain at their

former grade, but would also continue to be occupied for some time

longer by ice—a fact well illustrated in the Alps nowadays. The

hanging valleys thus initiated would be prevented from immediately

establishing an accordant grade with the main valley ; and the longer

1 Jahresb. d. Geogr. Gesellsch. Miinchen, 1886, pt. ii. See also Penck &
Bruckner, 'Die Alpen im Eiszeitalter' Leipzig, 1901-02; A. Kothpletz, ' Ein
geologischer Querschnitt durch die Ost-Alpen ' Munich, 1894 ; & A. P. Cole-

man, Geol. Mag. 1902, p. 59.
2 Norges G-eol. Undersog. No. 28 (1900) ; & N. O. Hoist, Sveriges G-eol.

Undersokn. ser. C. No. 180 (1899) p. 113.
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their glaciers remained, the longer would this result be delayed

:

only the mouth of the valley being cut back into a gorge by the

water flowing from the glacier, while the curve of erosion of the

gorge would flatten gradually as the ice retreated.

On this supposition, then, those lateral valleys which have been

longest freed from their protective covering of ice should have
established the most accordant grade with the main valley ; and this

indeed we find to be the case. There are no true hanging lateral

valleys remaining on the left bank of the Ticino, which faces west

and south (with the exception of the Yal Piora, the preservation

of which has been already explained), while those found on the

right wall face north and east, and it is in these that the ice will

have been th last to melt: the head of the Val Piumogna being

still occupied by a glacier.

In this way we see how ice could be indirectly responsible for

the hanging valleys, and how we can explain their marked occur-

rence in glaciated regions, without attributing, as Prof. Davis has

done, the overdeepening of the main valleys to direct erosion by
ice.

1

Before referring to the support that this explanation appears to

receive from other districts, I would point out that there is one

piece of evidence which seems strongly to favour the contention

that the overdeepened floor of the Yal Ticino was effected by
water-erosion, and not by ice. If we attribute the overdeepening

to ice-erosion, the action of the glacier should have been more
marked at the lower end of the valley, near Biasca, than in the

middle portion, near Airoio.
2

If, on the other hand, the over-

deepening be due to an acceleration of the velocity of the river

consequent on the elevation of the upper end of the district, we
should expect the results to be greatest in the middle portion, and
less marked at the lower end of the valley where the effects of

elevation died away.
If, now, we construct a section along the present floor of the Val

Ticino, from Airoio to Biasca, and restore the old floor before the

overdeepening took place, using for this purpose the present posi-

tion of the mouths of the hanging valleys between Airoio and
Biasca, we find that there is a regular decrease in the respective

heights of the hanging valleys, above the present thalweg of the

Ticino, showing that the greatest amount of excavation has taken

place in the floor of the old valley in its middle portion, and that

the amount of overdeepening gradually decreases in the lower

portion.3 The heights are approximately shown on the accompanying
diagram, drawn to the true scale of 1 : 50,000 (PL XXXVI, longi-

tudinal section along the Yalle Leventina). This appears to me
conclusive evidence in favour of water having been the chief

agent of erosion, and not ice. The Yal Ticino, therefore, does

1 Reusch, Norges Geol. Undersog. No. 32 (Aarbog for 1900).
2 Prof. Davis attributes the excavation of the Lago Maggiore below to ice-

erosion.
3 It is here also that marked deposition commences.
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not (in my opinion) furnish any evidence that the overdeepening

of the main valley, and the consequent formation of hanging lateral

valleys, has been due to the direct action of ice. On the contrary,

the facts appear to point to the deepening of the old Ticino

valley by water, consequent upon an epeirogenic uplift of the upper

end of the district in inter-Glacial times. 1

Although the evidence adduced in the foregoing pages appears to

me conclusive, I am acquainted with two other districts exhibiting

the characteristic features of hanging valleys which strongly confirm

this view. The first is the Val Bregaglia, the second the Jongri

district of the Sikhim Himalayas.

III. Hanging Valleys oe the Yal Beegaglia.

At the upper end of the Yal Bregaglia, in close proximity to the

Maloggia Pass, we have three hanging valleys in different stages of

development—the Albigna, the Yal Marozzo, and the gorge of the

Orlegna, which drains the Forno Glacier and the Valley of La Tajeda.

The Albigna Valley is occupied throughout its upper portion by the

Albigna Glacier; but a short level tract of ground strewn with
alluvium intervenes, between the end of the glacier and the cascade

by which the water from the melting ice plunges into the gorge of the

Pian dei Buoi below. No one who has ascended this gorge is likely to

forget the severe character of the ascent, nor the detour necessitated

by the precipitous nature of the fall : it is in every respect similar

to the ascent to Dalpe from Faido, and the traveller is forcibly

reminded of the Val Piumogna, in the Ticino Valley.

That this precipitous descent from the Albigna Glacier to Casaccia

is due to the overdeepening of the main valley, has not, I think,

been denied ; and there can be little doubt that it has been effected

by the vigorous encroachment of the Maira, on the water-parting

between the Val Bregaglia and the Upper Engadine. If this

water-parting were once situated farther down the Val Bregaglia,

nearer Vico Soprano, as has been suggested, 2 the Albigna and Forno
valleys on the south, and the Val Marozzo on the north, must once

have formed tributaries of the Inn, and not of the Maira ; and this

supposition is borne out by the general trend and present relative

elevation of these valleys.

As the steeper-graded Maira River cut back its water-parting,

the drainage from the Albigna Valley would first be captured and
compelled to flow westward, then that of the Yal Marozzo, and,

lastly, that of the Yal Forno, the waters of the two last-named

1 Since writing the above, my attention has been called to a note in the Bull.

Soc. Geol. France, ser. 3
;
vol. xxviii (1900) p. 1003, by M. W. Kilian, who,

on theoretical grounds, conies to much the same conclusion as that enunciated

above.
2 A. Heim, Jahrb. d. Schweiz. Alpenclub (1879-80) p. 429 ; T. G. Bonnev,

Geol. Mag. 1888, p. 540; & C. S %E. Preller, ibid. 1893, p. 448.
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being chiefly responsible for the present cliff-like wall of the

Maloggia.

These three valleys, belonging as they do to the high-level

Engadine drainage-system, have been left far above the deeply- cnt

Yal Bregaglia, and their streams have not yet had time to adjust

their floors to accordant slopes with that of the Maira, into which
they fall by precipitous cascades.

I do not think that the overdeepening which has produced these

hanging valleys at the upper end of the Val Bregaglia can by any
possibility be attributed to excavation by ice ; for whence did the

glacier come ? Obviously not from the hanging valleys themselves,

or how are we to account for their truncated mouths ? And there

is no gathering-ground for snow in the district other than the

Engadine Valley beyond the precipitous wall of the Maloggia itself,

the formation of which by ice I do not think the wildest advocate of

ice-erosion would suggest. We have here, then, a group of hanging
valleys the uppermost of which, the Eorno, is in process of formation

before our eyes by river-action : these are situated at the head of a

glacial cul-de-sac, and cannot therefore be attributed to the over-

deepening of the main valley by ice.

The river issuing from the Albigna Glacier has cut back the gorge

forming the Pian dei Buoi : but the waterfall is still very steep,

and no gentler grade can be established so long as the general high
level of the Albigna Valley is maintained by the presence of the

glacier. And this protected valley, like the hanging valleys of the

Val Ticino, again faces north-east. The Val Marozzo, on the other

side of the Val Bregaglia, although its drainage was captured by
the Maira after that of the Val Albigna, has no protective glacier,

and has already established a more gentle slope for its gorge, and
the same is the case with the Orlegna. Thus we again have the

lesson enforced, that it is rivers that erode their valley-
floors and glaciers that relatively protect them.

IV. Hanging Valleys oe Jongri-Sikhim.

In the Jongri district of the Sikhim Himalaya we find hang-

ing valleys of the Ticino type, which appear undoubtedly to

owe their origin to river-excavation. There the original easterly

drainage, initiated as a consequence of the uplift of the Kang-
chenjunga range, is being gradually obliterated and diverted by
the direct-flowing rivers subsequently developed along the line

of strike parallel to the range. These subsequent rivers, running

as they do more directly to the plains than the original easterly

streams, have a higher graded slope, and consequently greater

erosive powers ; with the result that those flowing near the centre

of uplift have gradually cut their valleys back and captured, one

by one, the head-waters of the original eastward-flowing streams.

This is especially noticeable in the case of the Praig Chu and
the Chakchurong Chu—two subsequent streams which occupy deep

gorges on either side of the Jongri plateau. There can be little
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doubt that these streams have eaten their way back from the

south, and intercepted one of the old eastward-flowing rivers,

capturing its head-waters in the process : these are represented

by the present hanging valleys of the Kang La and its neighbours.

The drainage from these glens falls by torrents and precipitous

cascades into the valley of the Chakchurong, 2000 feet below
;

and so abrupt is the change in level from the glens to the main
valley, that the traveller is occasionally obliged to depend, in the

more literal sense of the word, on the branches of the dwarf
rhododendrons that clothe the precipitous ledges.

It may be asked, Why have these streams not cut down their

valleys to an accordant grade with the new valley below ? The
answer appears to be the same as in the case of the Yal Ticino : first,

because there has been an epeirogenic uplift in inter-Glacial times
;

and, secondly, because the higher glens have been, till recently, filled

with ice which has protected the valley from river-erosion.

That an upward movement of this description has taken place

since the formation of the range seems well attested by the obser-

vations of the Indian geologists on the Himalayan range generally,
1

from which it would appear that this movement is still in progress.

For fuller proofs of the formation of these Jongri valleys by
river-erosion I must refer to my notes in the ' Geographical

Journal' already published,
2 merely pointing out that here also

we have the hanging valleys preserved only on the eastern flanks

of the range ; a fact which I would again attribute largely to

their preservation by the glaciers which, till recently, filled these

valleys, and still occupy the upper glens.

V. Hanging Valleys of a Different Type.

In the above descriptions I have confined myself to typical

hanging valleys, produced by the overdeepening of the floor of

the main valley ; but I should not, on this account, wish it to

be inferred that I would attribute all similar valleys to this

cause. There are other types of hanging valley due to other

causes than those described above. Two of these types stand out

prominently, and I have met with many examples in the course of

my wanderings in the .Alps and Arctic regions.

The first of these is to be found bordering inland sheets of water,

such as the Swiss and Italian lakes. Some of these, it may be urged,

were formed contemporaneously with those described above and
afterwards submerged ; and it is possible that those at the Fliielen

end of the Lake of the Pour Cantons come under this category, and
are continuations of the series in the Valley of the Reuss, of which
the Erstfelder Thai is a conspicuous example. The majority, how-
ever, seem to owe their origin to a different cause, and to have

1
' Manual of the Geol. of India ' 2nd ed. (1893) p. 485. See also W. T.

Blanford, Phil. Trans. Eoy. Soe. vol. cxcivB (1901) p 335.
2 G-eogr. Journ. vol. xx (1902) p. 13.
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originated since the lakes were in existence and, indeed, to be

directly due to the presence of the waters of the lake.

In these occurrences we have exactly what we might expect.

A stream draining the hillside that borders a lake will, of necessity,

gradually deepen its bed, and at the same time cut back its

head-waters—in fact, establish its curve of erosion. The possible

depth of this erosion will be limited by the level of the lake, below
which no erosion can take place, but, on the contrary, deposition.

While the lake remains at the same level, therefore, the stream is

continually engaged in flattening the grade of its valley-floor, while

below the level of the lake the old steeper grade is preserved.

Should the level of the lake be lowered by erosion at its exit, the

contrast of slope between the portions of the lateral valley formerly

above and below the lake-surface respectively, will afford all the

characters of a hanging valley. If this lowering of the lake be

gradual, a gorge will be established cutting back into the lateral

valley, for it must always be remembered that the adjustment of

two discordant valleys can only take place from belowr

, causing the

incision to travel backwards at a steep, though diminishing angle.

I would specially emphasize this law of readjustment, as it

accounts for the effects of even a gradual, lowering of the lake being

visible for long afterwards in the tributary valleys, and also for

long after the ice melted. Such a condition of things is well

seen round the Italian lakes, especially the Lake of Como, as at

Eellano, Menaggio, Yarenna, and Argenio, and at Ostenno on the

Lago di Lugano. The gorges already cut back by the readjustment

are locally known as ' oridos.' Thus we have the Orido of Eellano,

Orido of Ostenno, etc. In this case, then, it is not by the over-

deepening of the main valley, that lateral hanging valleys and
oridos are produced, but on account of its protection by the water
of the lake.

The remaining type, to which I should like to allude, is also pro-

duced independently without any overdeepening of the main valley,

and is only found in glaciated districts. These valleys are frequently

connected with cirques, into which they merge at their upper end.

They are produced in the first place by corrie-glaciers, which are

gradually extended backward. A corrie-glacier of this character

originates apparently in the iollowing way :—The snow which falls

in winter above the snow-line lodges more readily in the flatter por-

tions of water-gullies formed in summer, and will tend to accumulate
there, protecting the surface beneath from frost and water-action,

while the rock-wall behind will continue to disintegrate, allowing

more snow to accumulate each year, so that in time the flatter

portion will extend backward into the hillside. In this way an
upland glen filled with ice is gradually formed. I noticed many
hanging glaciers of this description in Spitsbergen, and, though less

common, they undoubtedly exist also in the Alps. 1

1 See Quart. Journ. Geol. Soe. toI. lv (1899) pi. xliv.
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VI. Geneeal Conclusions.

The questions opened up by a discussion of the origin of the
hanging valleys in the Alps are very wide, but I have confined rny

description to those types which have been attributed to direct

excavation by ice ; and, in the majority of cases cited, the whole
question seems to turn on the relative power of excavation possessed

by ice as contrasted with water. Having lived among glaciers most
ofmy life, and for some years past having taken the greatest interest

in all problems connected with ice, I must express my firm conviction

that ice, far from hastening the erosion in a valley previously occu-

pied by a river, appears to me in every case that can be tested to

retard the erosion of its floor, and may therefore even be described

as a protective agent. Here I am only repeating what has often

been expressed before by those best acquainted with ice and snow.
Mr. D. W. Freshfield, some years ago,

1
in an admirable essay on the

subject, which has been too often overlooked, summed up the question

most tersely :

—

' I believe that a careful inspection of mountain-valleys shows conclusively

the very limited extent of ice-action as a quarrier or excavator. And I would
urge all who consider water, as compared with ice, " the weaker agent,"

to measure their respective performances at Grindelwald and Rosenlaui, where
between the superficially ice-abraded rocks the torrent has carved for itself a

bed hundreds of feet deep. . . . We find that where a barrier presents itself to

a glacier furnished with a strong subglacial torrent, the tendency of the ice is

to pass over the barrier, the tendency of the water to cut through it. The one

acts as sandpaper, the other as a saw. ... So far as I can see, U-shaped
valleys are not V-shaped—or trench-like—valleys broadened by ice, but

V-shaped valleys are U-shaped valleys deepened by water-action.'

Here we have an exact description of what has really taken place

in the Val Ticino. Prof. Heim, again, sums up in a similar manner
when he remarks that ' glaciation is equivalent to relative cessation

of valley-formation.'- It is to this cause that I would attribute

the existence of the hanging valleys of the Ticino and Jongri type as

described above, the lateral valleys being protected by glaciers, while

the main valley was being deepened by water.

If we examine the termination of glaciers at the present day,

they are seen to rest invariably on a more or less raised platform,

because of the protection which they afford to the ground under-

neath. In the Arctic regions I have seen glaciers advancing over

loose beach-material and picking it up in places, but doing no

excavation ; indeed, they are unable to push forward their ice-

debris, and advance almost entirely by the shearing of the upper

layers over those below. Take the case of the Upper Grindelwald

Glacier, or any icefall, the glacier does not dig itself out a course :

it simply falls over. The Rhone-Glacier icefield is. curiously

enough, cited by Prof. Davis as a hanging valley due to excavation

1 'Note on the Conservative Action of Glaciers' Proc. Koy. Geogr. Soc.

vol. x (1888) pp. 785, 787.
2

' Handbuch der Gletscherkunde ' 1885, p. 397. See also T. G. Bonney,
' Do Glaciers Excavate ?

' Geogr. Journ. vol. i (1893) pp. 481-99.
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by ice,
1 but the ice which formed it must have come down the

valley now occupied by the icefall. Therefore, Why the icefall ?

Why was the barrier not degraded ?

Mr. Harker, in his admirable description of the glaciation of

Skye, alludes to the weight of the ice and the grinding of the

ground-moraine. A great deal of excavating work has been

attributed to ground-moraine; but, as a matter of fact, there is very

little material at the bottom of the ice. Most of it is carried en-

glacially in an ice- sheet, and not between the ice and the valley-

floor.

In many places it is possible to study the relative action of ice

and running water, occupying the same valley and working side by
side. Fig. 2 in Pi. XL, for instance, which is from a photograph

taken in Hornsund Bay (Spitsbergen), shows a gorge cut down by the

water running under the ice, and the ice moulding itself down into

the gorge. The gorges which terminate many of the glaciers of

Switzerland have been thus produced ; the gorge at the end of the

Aletsch Glacier has been cut down by the subglacial river, and the

same phenomenon is well seen at the end of the Mer de Glace and
elsewhere.

The question of the excavation of lake-basins by ice I must
leave to another occasion, though Prof. Davis considers that they

are intimately bound up with the origin of the hanging valleys.

I hope, however, to have shown that, so far as the districts

described above are concerned, there is no proof that the over-

deepening of the main valley, and the consequent production of
1 hanging' lateral valleys, has been the result of ice-excavation,

and that the marked occurrence of these valleys in glaciated districts

can possibly be accounted for in quite another way.

EXPLANATION OF PLATES XXXVI-XL.

Plate XXXVI.
Map and longitudinal section of the Valle Leventina, together with sections

of the chief hanging valleys to which allusion is made. The map shows the

various characteristics on which emphasis is laid in the text. The sections are

all drawn to the true scale of 1 : 50,000, except that across the Jongri Plateau
which is on the scale of 1 : 100,000. The asterisks denote the lower ter-

rain? aons of the hanging valleys.

Plate XXXVII.
Fig. 1 shows the river-gorge of Monte Piottino and the old river-level above

on the right, which exactly corresponds with the mouth of the Val
Piumogna.

Fig. 2 illustrates the overlapping character of the profiles below Faido.

Plate XXXVIII.
Photograph of the gorge of La Foos, from the edge of the Val Piora,

looking down into the Valle Leventina.

1 'Glacial Erosion in France, Switzerland, & Norway' Proc. Boston Soc.
Nat. Hist. vol. xxix (1900) pp. 273-322.
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Plate XXXIX.
Fig. 1. The river-gorge below Airolo, with relics of the older benches.

2. View of the mouth of the Albigna Valley and waterfall, from the
Maloggia.

Plate XL.

Fig. 1. The upper cascade of La Foos, draining Lago Eitoui, Val Piora.

2. The end of an Arctic glacier, Hornsund (Spitsbergen), showing a
hanging valley protected by ice, with water-cut gorge and subglacial

water-channel, into which ice has moulded itself. This illustration

shows clearly the superior erosive power of water over ice, when both
occupy the same valley.

Discussion [on the two foregoing papers].

The President congratulated the Fellows upon the lucid manner
in which the whole subject had been presented and discussed by
Prof. Bonney, and upon the fine series of illustrative lantern-views

exhibited and described by Prof. Garwood. The subject was one
of such conspicuous interest from several aspects, and the pheno-
mena apparently admitted of so many interpretations, that it was
little to be wondered at that scientific opinion was so divided upon
the question. It was very pleasant, however, to find that lifelong

workers in the Alps like Prof. Bonney and Prof. Heim, who had
so many years ago described the classic examples of the Maloja,

were still fully agreed in ascribing the differential denudation which
had originated the Alpine examples almost wholly to the action of

running water ; and at the same time to find that Prof. Garwood
concurred with Dr. Reusch in ascribing many of the Norwegian
examples of hanging valleys to the preservative action of ice and
snow. While he himself fully agreed with Prof. Bonney that the

differences in level between the main valley and these lateral valleys

was a matter of differential denudation by water-action, he could

hardly follow him when he carried back the date of the main
valleys in which they occur to the Middle Tertiary age. The
suggestion made by Prof. Garwood, that the main valley had been

subsequently deepened owing to increase in erosive power due to

regional tilt was, he thought, novel and very plausible. The
examples of associated main and lateral ' hanging valleys ' which he

had himself seen both in the Alps and in Norway, had led him to

the opinion, that while running water had probably accomplished

the erosion of both, yet the distinction between them was in some
way connected with the physical conditions of thelce-Age. The ice

possibly aided in bringing about the differential denudation, not

perhaps as an eroding agent, but, as in the case of the Matterhorn,

as a transporting agent—the local conditions enabling it to act here

as a local remover, and there as a local preserver of disintegrated

material.

Mr. Marr considered that he had hardly a right to speak upon
these papers, as he knew nothing of the district described ; but he had
long been interested in ' hanging valleys ' in the Lake District. He
would like to know how Prof. Davis, in the case of certain valleys
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Eig. 2.— View of the mouth of the Albigna Valley and ivaterfall,

from the Maloggia Pass.
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with overlapping spurs which he had described, had ascertained that

the partial destruction of the spurs was due to ice, and not to water.

In the Lake District, he (the speaker) believed that the hanging

valleys were often due to differences in rock-structure, especially to

the existence of gigantic brecciation along the main valleys, though

many other structures produced their effects. He wished to

emphasize the importance of carefully studying each case (as had
been done by the Authors), for many valleys which were not really
4 hanging valleys ' appeared, at first sight, to simulate them ; and,

indeed, he believed that detailed study of various different districts

was necessary before the intricate question of the formation of these

valleys could be finally solved.

Mr. Mackinder agreed with the previous speaker that we should

first study special cases, and then generalize. But if we accept

the general idea of a difference of erosive power as the cause of the

contrast between the main and the ' hanging ' valleys, then the

hanging valleys should diminish in scale towards the upper part of

the main valley, unless indeed there should be a hanging valley at

the head of the main valley. Perhaps this might be so in some
cases.

Mr. Lamplugh remarked that, whatever objection might be

taken to the methods and conclusions of Prof. Davis, his work, at

any rate, deserved credit for having stimulated fresh investigation

on all sides. He agreed with Mr. Marr that hanging valleys

might be formed in different ways, and therefore required separate

study. In the examples best known to him, the explanation

given by the present Authors, that the trunk-valleys had been

deepened mainly by stream-erosion, was fully adequate. At the

same time, it must not be forgotten that there were proofs that the

land-surface had sometimes been pared down by ice-action, though
perhaps not so much in confined valleys as in more open ground.

Gen. McMahon, as an illustration of the small power of erosion

possessed by a glacier, instanced a case in the Upper Spiti Valley,

in the Central Himalayas, at an elevation of 14,000 feet, of a small

spur composed of thin splintery slates, running into the valley at

right angles to the course of a glacier, which once filled the valley.

The crest of this thin ridge was rounded, beautifully polished,

and grooved and striated by ice- action, showing that the glacier

had ridden over it, in its passage downward, but had been unable

to remove this barrier.

Prof. Bonney, in replying, remarked that he had avoided appeal-

ing to the effect of uplift (though he was quite prepared to admit

that it might have occurred), because he wished to see the results

of less hypothetical causes. He fully endorsed Prof. Garwood's
remarks about the Maloja and other parts of the Engadine. The
President was quite right in attributing the explanation of the struc-

ture of the Inn Valley to Prof. Heim. In fact, it had been indepen-

dently published by him and by the speaker, but the former had
priority. He thought that the President had a little misunderstood

(probably owing to his remarks about the Oberland) what he had
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said about the main and side valleys ; he believed their formation

to be simultaneous, but the main stream would be more energetic,

because it was augmented by the lateral ones. Mr. Marr was quite

right as to the importance of study of individual instances, but the

speaker had examined a very large number, for he had been at

work on such questions for fully forty years, and in the Alps the

rock-masses were on a larger scale than in English hill-countries,

so that explanations of lines of weakness would not so generally

apply in the former as in the latter. To Mr. Mackinder, he observed

that the floors of the hanging and the main valley did become
nearer in going up the latter, but he could not see how a hanging
valley should occur at its head, for there could not be any dif-

ferential motion to cause it. To Mr. Lamplugh, he replied that

inferences from the action of moving masses of ice upon a soft

material were not of much value when transferred to hard rock ;

personally, he did not feel gratitude for papers written after hurried

journeys. He had preferred to spend about ten years in examining

these valleys, for he did not believe that science was benefited by
hasty generalizations.

Prof. Garwood, in reply to Mr. Lamplugh, said that he had tried

to avoid too much generalization on glacial erosion, as it was a

large subject, and had confined his views to the four districts

described in the paper. He quite agreed with him that the surfaces

of upland districts were liable to have the disintegrated material

removed by ice, and the solid rock grooved and polished, and he

pointed out in his paper that this had happened in the Yal Ticino

since the overdeepening of the main valley. He thanked the

Fellows for their reception of his paper.
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I. Introduction.

A paper like the following, dealing with a newly-exposed section,

does not require any long introduction, and naturally the number
of previous communications on the subject is limited. We know of

only two, namely :—Mr. H. B.Woodward's account in the 'Summary
of Progress of the Geological Survey for 1898,' pp. 188-94, and the

Rev. H. H. Winwood's Report on the Excursion of the Geologists'

Association to the new Great Western Railway-line from Wootton
Bassett to Filton, Proc. Geol. Assoc, vol. xvii (1901) p. 144. 1

II. The Liassic Sections West of Sodbury Tunnel.

1. The Main Section.

{a) The White Lias.

Besting directly upon a thin hed of typical Cotham Marble is

a compact, cream-coloured limestone, about 1 foot thick; this

bed forms a marked horizon, not only by reason of its peculiar

texture, but also on account of the levejiness of its surface. It

represents the ' White Lias ' of the Somerset area and, in particular,

the ' Sun-Bed ' of the Radstock district.

(b) The Ostrea- and Torus-Beds.

Immediately above the Sun-Bed is a series of limestones and
subordinate shales, forming a total thickness of about 5 feet.

Although no specimen of Psiloceras planorbis was found, the horizon

of these beds is well marked zonally by Ammonites Johnstoni

(=Amm. torus), which is not uncommon in the upper strata. The
series is, however, chiefly characterized by Ostrea liassica and its

1 We are much indebted to Mr. A. W. Manton, the agent for Messrs.
Pearson, and to the contractors, for facilities in the examination of the
specimens preserved in the office near the Cross Hands, Old Sodbury, and to

Mr. C. E. Grierson, the engineer for the Great Western Railway, for the loan
of a map of the line.
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numerous mutations which abound throughout, but especially

towards the base.

The following is a complete list of the fossils that we have obtained

from these beds :

—

Ammonites (Psiloceras) Johnstoni, I Avicula cygnipes, Y. & B.

&cw.=Amm. torus, dOrb. Lima gigantea, Sow.
Amberleya (?) sp. Pholadomya glabra, Ag.
Ostrea liassica, Strickl., and mutations. Pleuromya Crowcombeia, Moore.
Pecten aft', calvus, Goldf., and allied i Pseudodiadema lobatum, Wright.

species. I Pseudodiadema sp.

Pecten cingulaUis (?) Phil. I

Palaaontological Notes. 1

Pecten cingulatus (?) is an oval form with small equal wings
;

the cast shows two sharp ruts diverging from the sides of the beak.

The mutations of Ostrea liassica are chiefly towards the form of

0. iingula, and are brought about by the deepening of the large

valve at the front, in such a manner that its border becomes semi-

cylindrical and nearly at right angles to the plane of the rest of

the valve.

(c) The Cidaris-Shales and Lima-Beds.

The succeeding 35 feet is made up of a series of thick shales,

separated by a few conspicuous limestone-bands.

The most interesting palasontological feature of this series is the

prevalence of small echinids in the shales. Long pin-like spines,

with portions of the test, crowd the shales throughout the middle

10 feet, and extend downward into the shales of the Ostrea-Be&s

below, where they are by no means uncommon. So far as we are

able to judge, the commonest forms in the lower shales are two
species of Pseudodiadema (Ps. lobatum, "Wright, and Ps. sp.). In

the middle 10 feet, where the spines occur in multitudes, the pre-

dominant form is a species of Cidaris, near C. Edwardsi, Wright,

but probably distinct.

Very common in the shales of this series, and extending down
into the shales of the Ostrea-Be&s, is a small Pecten of the type of

P. calvus, Goldf.

Mineralogically the shales are gypseous ; the uppermost 4 feet of

shale abounds in small selenite-crystals, while the surfaces of the

lower shales are speckled all over with minute gypseous aggregates.

The complete list of fossils obtained from this series is as

follows :

—

Ostrea ungula, Koeiner.

Pecten calvus, Goldf., and allied

species (P. suhulatus, P. textilis,

P. multifurcatus, etc.).

Lima gigantea. Sow., small and large.

Lima pectinoides (?) Sow.
Cardinia Lister i, Sow., and mutations

(C. ovalis, C. hybrida).

Modlola, hillanoides, Chap. & Dew.
Unicardium cardioides, Phil.

Macrodon hettangiensis, Terq.

Cidaris sp.. aff. C. Edwardsi, Wright.
Pseudodiadema sp.

Pentacrinus sp.

? Plant-remains.

1 The determination of the fossils has been carried out by one of us only

(A. V.).
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Palseontological Note.

The Pectens, so common in the shales, exhibit several characters

in common. They are all orbicular in form, have the front wing
double the size of the hind one, and appear almost smooth to the

naked eye. With a lens, however, flue radial and concentric striae

are rendered visible ; this ornament is quite clear to the unaided

eye in P. textilis, Eoem., is distinct with a lens in P. calvus, Goldf.,

while in P. suhulatus, Miinst., the radials are very indistinct.

P. multifurcatus, Tate, has closely-punctated radials, which curve

outward as they diverge (much after the fashion of P. rigidus,

Sow.).

(d) The Angulatus-Be&s.

The uppermost 17 feet of our first vertical section is characterized

l>y a thick series of clayey shales, having three nodular limestone-

beds at the base and capped, at the top of the section, by several

bands of nodular limestone separated by thin clay-partings. The
whole series is very fossiliferous, and its geological horizon is well-

marked by SchJothewiia angulata aud its mutations. Of these

mutations the flattened and close-ribbed form characterizes the

middle shales ; while the thicker form, with more widely-spaced and
taller ribs, occurs in the uppermost nodular limestone-bands, where
it is associated with Ammonites ( Vermiceras) Conybeari.

It is worth noting that the association of a species of Scldotheimia

with Amm. Conybeari at the top of the Angulatus-zone is common
throughout the Bristol district (as, for example, at Keynsham, where
Schloiheimia Cliarmassei and Amm. Conybeari occur together).

RJiynchonella calcicosta was found in the uppermost beds, but is

of rare occurrence. In this association we see another point of

resemblance with the same horizon near Bristol ; but, whereas in

the Sodbury district Rh. calcicosta is very uncommon, near Bristol

it occurs in thousands.

The most abundant of all the fossils in this series of beds is an
oyster (Ostrea irregularis, Miinst.) which exhibits a most puzzling

variation of form. The unattached valve is always flat, with the

beak slightly curved, the attached valve always deep and convex, but
the area of attachment differs greatly in size and position in different

individuals. When this area is large and flat the species resembles

0. ungida, but there is a complete transition from such forms to that

of a typical Gryphcea, with incurved beak and deep, regularly convex,

lower valve. No typical specimen of GrypJuea arcuata was found
in the beds, but the oyster now under discussion undoubtedly occurs

on the same horizon as that at which Gr. arcuata is so abundant in

the Bristol district ; moreover, an oyster of identical form is found
associated with Gr. arcuata at several localities near Bristol. We
are inclined to regard this oyster as a mutation of a species of

Gryphcea, but not identical with Gr. arcuata.

Q. J. G. S. No. 232. 3 d
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The complete list of fossils obtained from the Angulatus-heda
is as follows :

—

Ammonites (
' Schlotheimia) angulatus,

Schloth., with three distinct muta-
tions.

Amm. (Vermiceras) Conybeari, Sow.
Pleurotomaria avglica, Sow.
Gryphaa sp. (Ostrea irregularis,

Miinst.), with numerous mutations
towards the form of 0. itngula.

Lima gigantea, Sow. (Small.)

L. punctata, Sow.

Lima Hermanni, Voltz.

L. hettangiensis, Terq.
Modiola hillanoides, Chap. & Dew.
Unicardium cardioides, Phil.

Pholadomya glabra, Ag., and allied

species (cf. Ph. Fraasi).

Gresslya Galathea (!) Ag. (Badly-

preserved casts.)

Bhynchonella calcicosta, Quenst.

Vertical Section of the lowest Zones of the Lower Lias
west of sodbury station.

Feet Ins.

Nodular limestones with clay- f Amm. Conybeari. "|

partings. \ Amm. aff. angulatus.
J

( Ostrea irregu- ( Shale 3 0'

Thick shales,
|

with nodular •{

limestone-

beds.

laris very
!
Nodular limestone..

abundant,
|
Shale

and frag- { Three beds of nodular

Thick shales,

thin, but pro- \

minent, bands

of limestone.

ments of limestone. with
Amm. angu-

|
shale-partings ...

lotus. I Shale

( Limestone
Shale

Limestone
Shale, with a no-

dular limestone-

band
Limestone
Shale, with a no-

dular limestone-

ith several
1

band
Limestone
Shale

Limestone
Shale

Limestone
Shale

Limestone
Shale
Limestone
Shale

Limestone
Shale

Limestone
ljShale

Two thick limestone-beds. Ammonites Johnstoni

m , . a ,. . , , f Ostrea liassica,
Thin flaggy imestones, separated I

fl& ^
by thm shales.

| and mvromya
The White Lias (Sun-Bed), with

\

Cotham Marble at the base J
"

Feet.

3

yiu

3
I

!

3

3
I

6
10

I

3
I

4
3

j

4

4
6

9;

(e) The Backlandi-Be&s.

East of the site of the new Sodbury station, the cutting had already

been earthed in for some 400 yards at the time of our visit; the
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beds thus concealed may, with practical certainty, be assigned to

the zone of Ammonites Bucklandi.

That Gryphcea areuata occurs in great abundance in these beds

may be deduced from the numerous groups of closely-packed valves

belonging to this species, which were to be seen outside a row of

cottages near the new station. The fossils, we were informed, came
from these beds. Of the truth of this assertion there is strong

negative evidence, in the fact that we have found no such packed

masses of the species either in the beds above or below.

(/) The Turneri-Shtdes.

The first exposure that we were able to examine was immediately

west of the first bridge, which lies east of the new station. Higher
beds were exposed to the east of the bridge in drainage-cuttings

;

and, about 300 yards east of the bridge, a fault, with a downthrow
of 30 feet towards the west, enabled us to examine beds a little

below those exposed just west of the bridge.

Lithologically, this series of beds consists of a very uniform suc-

cession of shales (7 or 8 feet thick) separated by thin limestone-bands

(3 or 4 inches thick). There are also several impersistent limestone-

bands, made up of separate nodules ; these nodules assume the most
varied forms, such as ovoid, spherical, club-shaped, dumbbell -shaped,

etc. A great number of these nodules exhibit the usual concentric-

shell structure, and are undoubtedly ordinary concretions. In many
others, however, this structure is apparently absent; and since, when
examined in situ, they are seen to have a conspicuous lamination

parallel to that of the shales in which they lie, it is possible that such

nodules may be those portions of an originally continuous sheet which
have offered the greatest resistance to the solvent action of water.

Throughout the series, the shales are perfectly fissile, and can be

split into laminae as thin as paper.

Pafaeontologically, the whole series is characterized by the

abundance of Ammonites (Arnioceras) semicostatus and its mutations.

Arietites Turneri is not uncommon, and there are at least two species

belonging to the genus Coroniceras, one of which is nearly allied to

Amrn. (Coroniceras) Bucklandi. These ammonites occur in great

profusion, in a crushed state, on the surfaces of the shale-laminae
;

but they are also found in considerable numbers, either as^ solid

fragments, or firmly embedded in limestone-nodules.

In the lowest beds of this series, single specimens of Gryphcea

areuata are fairly plentiful, and the species occurs somewhat rarely

near the top, where it is associated with Waldheimia (Zeilleria)

indentata. Belemnites acutus was found at more than one level.

The shales crowded with crushed ammonites of the semicostatus-

and Turneri-types immediately call to mind the similar series at

Lyme Regis ; while the occurrence of typical Arietites Turneri firmly

embedded in limestone-nodules suggests the precisely similar form

from Barrow (near Bristol). The association of Ammonites semi-

costatus, Zeilleria indentata, Gryphcea areuata, and Belemnites acutus

3d 2
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recalls the ' Spirifer-'Bank ' of Radstock, and in particular of Paulton

;

hut the general differences between the two districts are very consider-

able. Throughout the Lias of Radstock brachiopods are abundant,

whereas, in the Sodbury cutting, the very reverse is noticeably the case.

Lithologically also the two areas are strikingly dissimilar : in the

Radstock area the zones are of no great thickness, and are chiefly

limestones with subsidiary clays ; in the Sodbury district the zones

are of very considerable thickness, and are chiefly shales with very

subsidiary limestones.

The complete list of fossils from this series is as follows :

—

Belemnites acutus, Mill.

Ammonites (Amioceras) semicostatus

Y. & B., and its mutations.

Amm. (Arietites) Turncri, Sow.

Amm. ( Coroniceras) spp.

Amm. (Agassizoceras) Sauzeanus (?)

d'Orb.
'

Gryphcsa arcuata, Lam.
Penten aff. textorius, Schloth.

Waldheimio (ZeilleriaJ indentata, Sow.

Pala^ontological Notes.

So many different ammonites have gone under the specific name
of semicostatus, that it is necessary to indicate with some precision

the particular form to which the name is here applied. The ribs

are straight, sharp, and close-set ; their upper edges are horizontal

and end abruptly in a vertical edge. The rim is square and

provided with a sharp central keel, flanked by two deep furrows.

The mutations are produced by the greater or less spacing of the

ribs. These are the chief characters upon which we have had to rely

for determining the solid whorl-fragments. The crushed specimens

sometimes exhibit quite clearly the Arnioceratan character of smooth

early whorls ; but in most cases the centre is indistinct, and the only

characters clearly defined are the straightness of the ribs and the

slow rate of whorl-increase. In such cases, it is impossible definitely

to identify even the genus.

Arietites Turneri occurs in solid fragments of the typical Barrow-

form, but even in the crushed state it can be identified by the

forward sweep of the ribs, as they approach the rim.

The ammonites referred to in our list as Coroniceras spp. are solid

fragments, kindly identified for us by Mr. S. S. Buckman, F.G.S.

A<jassizoceras Sauzeanum (? ) is doubtfully so named from a

fragment of a whorl. This exhibited a square cross-section ; straight,

well-spaced, strong ribs ending in prominent points ; and a flat rim,

provided with a low, rib-like keel un flanked by furrows. Many of

the crushed specimens probably belong to this form.

Belemnites acutus is quite typical ; short and almost perfectly

conical, with a narrow apical angle.

Pecten aff. textorius, Schloth.— In the right valve of this species,

as figured by Goldfuss, the ribs resemble slender rods having rings

set along them at intervals (after the P. vimineus-Tp&ttern)
; but, in

our specimen, the ribs are sharply angular and finely serrated. On
the other hand, P. acutiradiatus, Miinst., with which our specimen

has sometimes been identified, is more transverse and has its sharp

angular ribs quite smooth.

Waldheimia (Zeilleria) indentata is of the typical Radstock form.
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{g) The Ocvynotus-Beds.

Proceeding eastward, we found the section completely obscured,

until we reached a point about 200 yards from the mouth of the

tunnel ; here the cutting has vertical walls, and the beds are well

exposed. They consist of a series of shales and thin limestone-bands,

precisely similar in character to those of the Semicostatus-Beds

already described. At first the dip is very inconsiderable, but there

is a marked easterly dip in the neighbourhood of trie tunnel-entrance.

The beds of this series contain few fossils, though crushed

ammonites are not uucommon in the shales. They are doubtfully

referred to the species Ammonites densinodus, Quenst., but the

absence of any solid fragments that clearly exhibit the rim renders

accuracy of determination impossible.

Avictda (O.ajtoma) incequivalvis, Sow. is not uncommon.

(h) The Armatus- and Jamesoni-Beds.

Just at the mouth of the tunnel, these beds are well exposed in

the steep bank on the south of the line.

Lithologically, they consist of thick shales separated by thin

limestone-bands precisely similar in general character to the beds

below. Palaeontologically, the beds at the base contain numerous
badly-preserved ammonites, the commonest form being a species of

Deroceras closely allied to D. armatus ; while Ammonites carusensis

is not uncommon, in a pyritized and somewhat crushed state.

Throughout the series a crushed form, probably Ammonites densi-

nodus, is common in the shales.

Towards the top of the section fossils are very common, though

as a rule poorly preserved : we have determined the following

species :

—

Ammonites Scipionianus (!) d'Orb. I Belemnites aff. grandatvus, Phil.

Belemnites penicillatus, Sow.
B. clavaius, Blainv.

B. longissimus, Mil

B. aff. paxillosus, Sehloth.

lihynchonella aff'. Thalia, d'Orb.

Waldheimia (Zeilleria) numismalu
B. acutus, Mill.

I
Lam.

Palaeontological Notes.

The determination of the belemnites, as is usually the case with
t his group, was a matter of considerable difficulty. This difficulty

arises from three main causes : firstly, the fact that, while we have

to rely almost entirely upon the shape of the guard and the nature

of the apical grooves, the mutations of form are continuous and
almost endless, and the extent to which a groove is pronounced may
vary from a deep rut to the most inconspicuous depression ; secondly,

the difference of opinion among students of the group as to the exact

connotation of the specific names ; and lastly, the fact that there are

undoubtedly very many forms, or stages in mutation, which require

new names. For these reasons, we have been content in most cases

to employ the name given, in the monograph on belemnites published

by the Palseontographical Society, to the species most like the one

that wc had to determine.
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The association of the paxillose type of belemnite with the acute

brevicones is very characteristic of this horizon.

Rhynchonella aff. Thalia is very common, but usually badly

preserved ; it is one of the 1ineata-grouj), and was kindly determined

for us by Mr. J. W. D. Marshall.

Vertical Section of the Aumatus- and Jahesoxi-Ijeds
west op the Tunnel (Old Sodbury).

Feet, Ins. Feet.

Shales, with thin beds

nodular limestone.

Thick shale, with
a few thin lime- {

stone-bands.

ot
[
Belemnitcs spp.

j

Waldheimia numismalis

I
RhynchoneUa&ff. Uneata

( Shale

Limestone
Shale
Limestone

{ Shale, with one thin

band of nodular
limestone

j

Limestone

\ Shale ....

3

1

3
3

!>30l

Thin pyritous limestone and shale t*mm -
^-^matus. 1

r"
[ Amm. raricostatus. j

2. The Lilliput Cutting (south-west of Chipping Sodbury).

A very small exposure of Lower Lias is seen on the south side of

the Lilliput cutting, at the western end of the ridge of Carboniferous

Limestone there cut through. The beds are much disturbed, being,

with the underlying Gotham Marble, faulted and bent into the form

of an U. The section is considerably obscured by talus, but the

following beds can be made out :

—

Thickness in feet.

Thinly-bedded limestone, with shaly partings. (Ostrea-Beds.) .. 3 seen.

Sun-Bed 1£
Cotham Marble —

3. The Lower Lias of Stoke Gifford.
1

The lowest beds of the Lower Lias crop oat in the cutting imme-
diately east of Stoke Gifford. Owing to a very slight westerly dip,

the greatest total thickness occurs near the western end of the

cutting; but no beds above the sub-zone of Ammonites torus are

shown at any point.

The White Lias.

The White Lias is represented by a single bed (the ' Sun-Bed ')

which directly overlies a bed of very characteristic Cotham Marble.

In the character of the Cotham Marble, and in the reduction of

the White Lias to a single bed, the development at Stoke Gifford

is strikingly similar to that west of Sodbury Tunnel already

described. In this connection, it is interesting to notice that, at

New Clifton (near Bristol), which lies in the same Jurassic area as

1 This section lies about 3 miles west of the main Sodbury section, near the
western termination of the line.
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Stoke Gifford, but close to its southern border, the White Lias

includes, between the Sun-Bed and the Cotham Marble, a small

number of thin limestone-beds precisely similar in character to the

beds of the thick White-Lias series seen in the

of Bath and Radstock.

neighbourhood

The Ostrea-Bech.

These include about 4 feet of thin limestone-beds, separated by
subsidiary shales.

Fleuromya Crowcombeia, Ostrea liassica, Modiola minima, Phola-

domya glabra, and Lima punctata occur abundantly. The character

of the various beds and the vertical distribution of these fossils in them
is almost identically the same as at New Clifton and Kelston.

The Planorbis-Beds.

These consist of two or three thin limestone-beds, capped by a red

ferruginous clay. Ammonites planorbis is very common, especially

in the uppermost limestone-layer which is thin, extremely irregular,

and much iron-stained. The spines of small echinids can be seen,

weathered out on the surfaces of the limestones.

The Torus-Beds

(including part of the Lima-Beds).

These form the top of the section, and only a thickness of about

2 feet is shown. They consist of a lower series of white rubbly

limestones, iu which Ammonites torus is very common ; a middle

thick clay : and an upper series of hard limestones, in which large

specimens of Lima gigantea abound.

The following

Lower Lias of the

horizons :

—

(

is a complete list of the fossils found in the

Stoke- Gifford cutting, assigned to their respective

2 O-RTS-SUB-ZONE.

2 feet.

Hard limestones.

Clay.

Eubblv white limestones.

Plaxorbis-Heds.
\

10 inches.

Eed clay.

|
Thin limestones.

I

(

Osju^.i-Beds.
J

4 feet. 1

Sun-Bed.
7 inches.

Cotiiam Marble.

Limestone-beds, with sub-

sidiary shales.

f Ammonites Johnstoni, Sow.=
I

Amm. (Psiloceras) torus,

I d'Orb.

{ Lima gigantea, Sow.

]

L. hettangiensis, Terq.

|
Bhynchonella caleieosta,

{ Quenst.

( Ammon ites (Psiloceras)

planorbis, Sow.
•{ Lima gigantea, Sow.

|
L. punctata, Sow.

^ Pseudodiadema (()

{ Ostrea liassica, Strickl.

j
Lima valoniensis, Dum.

j Modiola minima, Sow.

j
Plcuromya Crowcovibeia,

Moore.
^Pholadomya glabra, Ag.
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Palgeontological Notes.

Rliynclwnella calcicosta.—This seems to differ but very slightly

from the typical form which occurs so abundantly in the AnguJatus-
and Lower Buclclandi-Beds of Keynsham (near Bristol) ; it is,

however, more flattened.

Pseudodiadema (? )— The small echinid-spines are here placed

under this genus, because they exactly resemble the spines found on
the same horizon at New Clifton, where they are associated with
portions of the test.

III. The Sodbury Tunnel.

This tunnel extends for a distance of about 2^- miles, from Old

Sodbury to near Acton Turville. Starting on the west in the

Jamesoni-Shales of the Lias, it emerges on the east through the

massive limestones of the Great Oolite, piercing in its course every

intermediate horizon.

Our knowledge of the beds through Avhich the tunnel passes has

been chiefly obtained from a careful examination of the material

that has been brought up, partly from the boring of the shafts

themselves, but mainly from the boring of the tunnel. A few
surface-exposures have aided in confirming some of our conclusions.

We have also derived very valuable assistance from the specimens

collected at the surface, when the shafts were in course of construction.

The specimens are labelled with the approximate depth, in each

shaft, at which rocks of that particular kind were encountered.

By the kindness of the engineer (Mr. Grierson) and the agent

(Mr. Manton) we have been afforded every facility for examining

these specimens, as well as for studying the geological section

constructed from them by the late engineer to the section

(Mr. Katzenstein).

The exact determination of the vertical succession has, however,

been a matter of very considerable difficulty.

In the first place, since rocks of almost identical character recur

again and again at very different horizons, it becomes impossible to

assign a block, found on the tips and containing definite fossils,

to its correct horizon, unless the labelled specimens of identical

nature contain fossils. The fossils themselves have consequently

to be employed to determine the vertical succession, by assuming the

same zonal sequence as in neighbouring districts. The value of the

work is, in such cases, reduced to the mere registration of the

occurrence of particular species in a particular kind of rock.

In the second place, rocks of well-marked lithological character,

and common on the tips, contain no fossils and cannot be matched
by any of the rock-specimens preserved from the shaft-borings ;

their position is therefore entirely problematical, and can only be

assumed to be the same as that of similar rocks from other districts.

We shall consequently, in all cases of doubt, state the data on which
our surmises are founded.
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(a) The Capricornus-Zone and Marlstone.

Lithologically, this series consists of clays and sandy beds con-

taining many nodules, with

an occasional band of fossili-

ferous limestone. In the

limestones Ammonites capri-

cornus occurs somewhat
plentifully, as also does

Avicula incvquivalvis. At
the base of the series, almost

immediately above the Nu-
mismalis- and Belemnite-

Shales, a specimen of Lyto-

ceras (afT. fimbriatum) has

been found.

This series is capped by
a considerable thickness (at

least 10 feet) of (i) sandy,

(ii) marly, and (iii) ironshot

limestones, all of which are

very rich in fossils.

(i) In the hard sandy

beds Avicula incequivalvis

and Gucullcea sp. are abun-

dant, associated with a

small, convex, smooth
Pecten : Ammonites capri-

cornus occurs in these beds,

and good specimens can be

obtained.

(ii) In the marly lime-

stone - beds specimens of

Ostrea irregularis? (an oyster

of the vesiculose type)

form an actual oyster-bed
;

and with this oyster are

associated mutations of Car-

diuia Listeri.

(iii) The Marlstone
(ironshot limestones).
—Lithologically, this is the

typical marlstone of the

district, and consists of a

coarsely ironshot, marly,

limestone, blue when freshly

brought to the surface, but

becoming brown on ex-

to the air. It

Pecten cequivalvis

posure

contains
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abundantly, Modiola scalprum commonly, and Rhynchonella tetra-

hedra very rarely.

In the absence of any definite information as to the vertical

succession of these three types of limestone, we are inclined to think,

from their similarity to beds in the series below (Cfopmormts-Beds),

that the sandy beds, with Avicula incequivalvis, Cucullcea sp., and
Ammonites capricornus, occur at the base of the limestone-beds

;

while there seems no doubt that the ferruginous beds with Pecten

cequivalvis and Modiola scdlprum (the Marlstone) occur at the top.

As no ammonites occur in the ferruginous beds, they can only be

doubtfully assigned to the Margaritatus-Zone, from analogy with
other districts.

Adopting this succession, the following is a list of the fossils that

we have collected from these beds, assigned to their different matrices,

arranged in descending sequence :

—

( Belemniics aff. ilminsterensis, Phil.

Pecten cequivalvis, Sow.
Pecten sp.

(iii) The Marlstone. Modiola sea Ipr urn. Sow.

(? Zone of Ammonites margari- { Gryphcea cymbivm, Lam.
tat us.)

\
Cardium truncatum, Sow.

I Cypricardia sp.

I

Ehynchonclla te.trahed ra, Sow.

I Pcntacrinus sp.

street, irregularis (?j Munst.
Cardinia Listeri, Sow. & mutations.

( Ammonites (Amblycoccras) capricornus, Schloth

.

I Avicula (Oxytoma) incequivalvis, Sow.

I Cucullcea sp.

(i) Sandy limestone-beds.
|
Gervillia sp.

{? Zone of Ammonites capri- \ Goniomya sp.

corn us.) Pecten sp.

Pinna folium, Y. & B.

Pleuromya costata, Y. L B.

^ Unicardium eardioides, Phil.

Palseontological Xotes.

In the sandy limestones :

—

Pecten sp. has already been alluded to as a small smooth Pecten

of the calvus-type, but somewhat more convex. No complete
specimens have been seen, though it is abundant in fragments.

,

Avicula incequivalvis is of the typical form named sinemuriensis

by Oppel ; it is extremely abundant.
Cucullcea sp. is very characteristic of this bed, and a chance

fracture of a large block may reveal as many as fifty specimens
completely covering the surface. In size and contour it seems to

differ from any form previously figured. The nearest figure is that

of C. bilineata, Moore, but the hinge-line in our species is much longer

and the radial striae are never obvious, even in young forms.

In the Marlstone :
—

Pecten sp. is a large Pecten, with both the ribs and the intermediate
spaces sharply angular. This maybe a mutation of P. cequivalvis, in

(ii) OSTRFA-BZV
J c

f
a
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some specimens of which the ribs in the left valve are markedly
angular, but it is in that case a very extreme form.

Belemnites aff. ilminsterensis is a long, cylindrical, slowly-tapering,

tripartite belemnite.

(b) The Upper Lias.

Lithologically, there are three distinct types of rock, all of which
contain ammonites characteristic of this horizon.

(1) A very compact, cream-coloured marl.

In this bed, which is 2 or 3 feet thick, Ammonites falcifer is

abundant, small Rhynchonellce are not infrequent, and Belemnites

aff. vulgaris occurs occasionally.

(2) A very compact, marly limestone charged with angular,

jaspery fragments.

In this bed, which is of about the same thickness as (1), Ammonites
communis (and in particular one of its mutations, Amm. Holandrei)
is extremely ;ibuudant ; well-grown specimens of Amm. Levisoni

also occur, while young forms of this, or an allied species of

Hildoceratan ammonite, are plentiful. Rhynchonella Moorei occurs

sparingly. In all probability we must assign to this horizon a very
curious breccia, containing angular fragments embedded in a deeply-

stained matrix.

(3) A pyritous bed containing very numerous specimens of

Ammonites bifrons. The majority of the specimens are fragmentary,

rounded, and pyritized.

The total thickness of the Upper Liassic beds probably does not

exceed 10 feet.

The following is a list of the fossils which we have obtained from
these beds, without distinction of matrix :

—

Ammonites (Dactylioceras) communis, \ Belemnites aff. vulgaris, Y. & B.

Sow. and its mutation, Amm. Hoi- Pecten sp.

andrei, d'Orb. Rhynchonella Moorei,~D&r.

Anna. (Hildoceras ) bifrons, Briig. Rhynchonella sp.

Anna. (Hildoceras) Levisoni, Simps. Drift-wood is very common in the

Amm. (Harpoccras) falcifer, Sow. pyritous bed.

Palseontological Notes.

The ammonite of the communis-growp, alluded to above as

Ammonites Holandrei, d'Orb. is the mutation so common at Stoke,

near South Petherton.

Amm. falcifer, Sow. is the species figured as Amm. serpentinus in

Wright's monograph on the ' British Lias Ammonites' (Pal. Soc).

Rhynchonella sp. is a small form of the type of Rh. calcicosta ; we
have not found enough specimens to ensure its determination.
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(c) The Cotteswold Sands.

Lithologically, the Cotteswold Sands consist of a very thick

series of micaceous sands, containing lenticular bands of hard sandy

limestone wThich occur at very irregular vertical intervals. These

bands die out rapidly in both directions, so that the hard beds

encountered in one shaft are not usually the continuations of those

met with in the next, but occur at different depths and at different

intervals in the sand series. The total thickness of the sands can be

estimated with considerable accuracy, for they are capped by the

Cephalopod-Bed and lie immediately upon the Upper Liassic Series.

Both these horizons are accurately determined by the labelled

specimens obtained from the boring of the temporary shaft, just at

the top of the escarpment (Shaft No. 6). Making a small correction

for dip (estimated as shown below), the total thickness of the sand

series is 185 feet.

The sands themselves contain no fossils, but the hard beds are, as

a rule, extremely fossiliferous. On account of the exact lithological

similarity of the beds at different depths, the relative horizons of the

fossils derived from them cannot possibly be inferred.

Ammonites of the striatulus-growp occur on at least two different

levels, for there are rock-specimens at the office which contain this

form, but indicate by their labels very different depths below the

top of the sands. We have also found this ammonite in a small

exposure, at the side of the path that forms a short cut from

Old Sodbury to the Cross Hands. Ammonites radians is very

common in certain of the hard beds, but, so far as we know, is not

associated with Amm. striatulus. 1

The following is a complete list of the fossils that we have obtained,

from the hard sandy beds ; it is impossible, however, to determine

the relative vertical positions which they occupy in the series :

—

Ammonites ( Grammoceras) striatulus, I Amm. (Haugia) Eseri, Oppel.

Sow., and its mutations, in particular ' Amm. (Harpoceras) subplanatus,

Amm. toarcensis, d'Orb. Oppel.

Amm. (Dumortieria) radians, Rein. Pholadomi/a fidicula, Sow.

(see footnote).
j

Ph. aff. Heraulti, Ag.

Amm. (Grammoceras) fallaciosus,

Bayle, and a mutation. 1

Palseontological Notes.

All the specimens of ammonites from these beds have been

submitted to Mr. S. S. Buckman, F.G.S., who has very kindly

confirmed or corrected their identification.

1 The bed containing Ammonites radians is placed by Mr. Buckman in the

Cephalopod-Bed (see note on p. 736).
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Ammonites striatulus occurs of two very distinct types : the one,

with rounded whorl-sides, nearly resembles Amm. striatulus, Sow.
;

the other, with flat sides, is exactly similar to the form so common
at Wootton-under-Edge, and is Amm. toarcensis, d'Orb.

Amm. radians is the radians of Buckman, but not of Wright.

Amm. fcdlaciosus is the radians of Wright.

(d) The Cephalopod-Bed.

Capping the sands is a bed, or rather a series of beds, about 10
feet thick, and very uniform in character throughout.

Lithologically, this rock is a compact marl, coarsely ironshot and
often to such an extent as to resemble linseed-meal. It was
encountered in the three successive shafts numbered 6, 5, & 4 ; and
very characteristic specimens of it, labelled with the depth at which
they occurred, are preserved from each of these shafts. We are thus

enabled to determine very accurately the average dip of the strata

in the neighbourhood of the Cross Hands. A simple calculation

indicates an easterly dip of about 3*5°.

The rock is crowded with fossils throughout its entire thickness.

Three separate palaeontological horizons can be easily, and
invariably, distinguished :

—
(1) The Lima -Bed, characterized by the abundance of spe-

cimens of a very large, flattened Lima of the Etheridgei-type, as well

as by numerous other lamellibranchs which are identical with, or

remarkably similar to, common Inferior-Oolite forms.

(2) The Belem nite-and-Ci/nocephala-Bed, a thick bed r

crowded with Rhynchonella cynocepliala and with tripartite

belemnites.

(3) The Opalinid-Bed, a softer bed, in which ammonites of

the Opalinid-type are so common that, in places, the rock is entirely

composed of tbem. In this bed, as in the Lima-Bed, Oolitic forms

of lamellibranchiata abound, associated with a few forms of more
Liassic aspect.

The following is a complete list of the fossils which have been

obtained from these beds, assigned, so far as possible, to the

particular horizon from which they were derived.

Since there is no direct evidence of succession, these three fossili-

ferous beds are arranged in descending vertical series by com-
parison with the sections contained in Mr. Buckman's paper on the

Cotteswold Sands. 1 (In many characters, however, the Lima-Bed
bears a much closer resemblance to the Opalinid-Bed than it does to

the Belemnite-and- Cynocej)haIa-Bed; in particular, we may note the

abundance of Oolitic lamellibranchs in both the first-named beds

and their absence from the last.)

1
' On the Cotteswold, Midford, & Yeovil Sands, etc' Quart. Journ. Geoh

Soe. vol. xlv (1889) p. 440.
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3) The Opalinid-Bed
Horizon of

Amm on ites opalhi us.

(2) The Belemnite-

& Cyxocjephala-Bei).

Horizon of

Ammonites Moorei.

(1) The Zjj/.i-Bed.

Horizon of

Ammonites dispansus

Ammonites (Lioceras) opalinus, Rein, and several

mutations.

Amm. (Gram 1iioceras) aalensis, Ziet.

Amm. (Pseudolioce?'Cts) compactilis, Simps.

Astarte sp.

Pecten aff. demissics, Phil.

Grcsslya, abducta, Phil.

Ceromya bajociana, d'Orb.

Cardium aff. truncatum, Sow. 1

Lima punctata, Sow.
Goniomya v-scripta, Sow. 1

Ammonites (Bumortieria) Moorei (!) Lye.

Belemnites aff. Voltzii, Phil.

B. aff. tripartitus, Schloth.

Bhynchonella cynocephala, Rich.

Terebratula punctata, var. haresfieldensis, Dav.

Ammonites (Grammoceras) dispansus, Lye.

Amm. (Bumortieria) sp. nov.

ife/. aff. tripartitus, Schloth.

Lima Etheridgei, Wr.
Astarte lurida (?) Sow.
Coelastarte sp.

0/?/s tvigonalis, Sow.

Palseontological Xotes.

For the correct naming of the ammonites we are again much
indebted to Mr. Buckman's kind assistance. Ammonites (Bu-
mortieria) sp. was returned by him with the following note:

—

' This is altogether new to me. I have not seen any species with so many
coils in the umbilicus, and at the same time so thin.'

The Opalinid ammonites belong mostly to the mutation with

moderately open umbilicus.

The name Belemnites aff. tripartitus is employed to cover long,

tripartite belemnites which are nearly cylindrical in form.

Belemnites aff. Voltzii (probably = B. compressus, conicus of

Quenstedt) is employed to cover a large group of conical, com-
pressed forms marked by three deep apical grooves. There seems,

however, to be a complete passage from this type into the cylindrical

form just noticed.

Astarte sp.—This species occurs somewhat commonly, and excel-

lent specimens may be obtained from the Opalinid-Bed. Though
resembling A. eleyans, Sow. in its marking and lunule, it differs

in being larger and of rectangular form.

Bhynchonella cynocephala, Rich.—The form common at Sodbury
is separated from the typical Rh. cynocephala by Mr. Buckman,
under the name of Rh. cynoprosopa.

1 We are much indebted to the kindness of Mr. J. W. Tuteher, for the loan
of these and several other specimens, from his very fine collection.
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Note on the Cephalopod-Bed and Sands.

Prom the similarity of the hard sandy beds in which Ammonites
radians occurs to those which contain Aram, striatulus, we had
regarded this ammonite as characterizing one of the hard beds

in the sands below the Cephalopod-Bed. We were apparently

strengthened in this conclusion by the absence of any rocks of

similar character, from among the very numerous labelled specimens

of the Cephalopod-Bed preserved at the office. All the specimens had
the typical ironshot character, and included fossils from the three

beds, already enumerated.

Mr. Buckman, however, informs us that he is convinced that the

Radians-Tied, should be placed in the Cephalopod-Bed, and suggests

the following descending vertical sequence :

—

Opalinid-Beds
Cyn oeephala-'Bed s

Radio ??6-Beds

{Lima &) Disjxumis-Beds
Striattdus-Beda

Ironshot.

Sands.

Ironshot.

Sands.

He cites the following section from North Stoke (near Bath) to

illustrate the occurrence of sandy beds below the horizon of Ammo-
nites ojxdinus&nd above that of Amm. dispanms. This section, not

previously published, is here given by Mr. Buckman's kind

permission :

—

Section at North Stoke, 1895, by Mr. S. S. Buckman, F.G-.S.

Feet

j Ironshot earthy stone and marl.Upper Trigoxia
Grit.

Ji.U)1.1XS-'BeB>

Dispans t.s-Beds.

STRIATUL r.S-BED:

Terebratula subsphmroidalis, Upton.

( Yellowish-grey sandstone.

Bumortieria, Lithodomus.

I

Yellow sands and some rock.

\ Hard grey sand-rock.

Fragirents of Bumortieria or Catul-

loceras.

{ Sands

( Yellowish ironshot earthy stone.

Grammoceras dispansum; Hamma-

J toceras aff. insigue ; Lytoceras aff.

;

Germainei.

j
Yellowish-brown marl.

\ Grammoceras dispansum.

( Yellow sands much concealed

j

Yellow sands.

J
Lytoceras aff'. Germainei.

j
Sands

! Yellow sand-rock
I Yellow sands.

Inches.

6

3

Lying

(e) The Inferior Oolite.

as it does, between the well-marked Opalinid-Bed and the

clays of the Fullers' Earth, the thickness of the Inferior Oolite is

easily estimated (from the labelled specimens) to be about 70 feet.

The vertical succession of the different beds which make up this
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thickness cannot, however, be very definitely stated. The total

thickness of the series is approximately the same in the two shafts

numbered 5 & 4 (that is, in the permanent shaft near the Cross

Hands, and in the temporary one which lies about 200 yards

farther east) ; but the lithological character of the rocks in the

two borings does not absolutely correspond at corresponding levels.

The following general summary is, nevertheless, applicable equally

to either shaft, the beds being arranged in descending order :

—

Thickness in feet.

„
-j

{

Blue, yellow, and white oolite (the oolitic
]

character as a rule strongly and uniformly I 25
marked). J

Very fossiliferous, compact limestones, with 1

Trigoxia-Grit. Trigonia costata and Bhynchonella I 10
spiuosa. :

Coarsely granular, yellow limestone, full of

comminuted shells, but with no deter-

minable fossils.

Oolitic limestones of varied texture, with
some soft sandy beds, and, at the base, \ 25 to 30
a compact fossiliferous limestone. J

The following is a complete enumeration of the different types of

rock, belonging to the Inferior Oolite, which are met with on the

tips.

(1) A pure white limestone, which is very uniformly and con-

spicuously oolitic.

This contains few fossils, but, by breaking up some scores of

blocks, Terebratula globata was found to be not uncommon in it,

and Bhynchonella subtetrahedra occurs sparingly. In places this

oolite becomes blue or yellow, and the change of colour often

occurs quite suddenly in a single block. In a large block, which
exhibited the change from white to yellow, the yellow portion was
seen to be made up entirely of a thick mass of Thamnastrcea.

(2) A sandy and fine-grained blue limestone, in which Terebra-

tula globata is quite common and, with it, Bhynchonella subtetra-

hedra, as well as a much-branched species of CladophyUia(?).

This rock is consequently on about the same horizon as the last.

Judging by the matrix alone, a specimen of Collyrites ovalis, which
we obtained, came from this bed.

(3) A deep yellow-stained limestone, containing abundant fossils

embedded in a very compact matrix.

In this rock the external impressions of costate Trigonice are

extremely abundant, and perfectly typical specimens of Bhyncho-
nella spinosa have been obtained from it. It is undoubtedly

on the same horizon as a compact blue limestone which contains

the same fossils, and of which labelled specimens from the boring

of Shaft Xo. 4 are preserved.

(4) A very compact, splintery, yellow limestone, containing

numerous specimens of a well-marked species of Montlivaltia, inter-

mediate between M. lens and M. Delabechei. Since the greater part

Q. J. G. S. No. 232. 3 e
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of the interior of the corals has been filled in with calcite, the rock

has a very characteristic appearance, and is easily recognized.

Apart from the Montlivaltia, we have been unable to find in the

rock any fossils that can be definitely determined.

(5) A very soft, yellow, sandy rock crumbling into a loose sand.

There is little doubt that this rock is only a softer representative

of the one just described, for a fine specimen of the same Montli-

valtia has been obtained from it. Here also occur a Terebratula

of perovalis-like aspect and Rhynchonella hamponensis.

(6) A bed very similar to (3), the Trir/onia-grit, in texture, and,

like it, full of fossils.

Here we found Coelastarte excavata, l^ru/onia-c&sts, and a fragment

of the outer whorl of an ammonite. This fragment was submitted

to Mr. Buckman, who suggested that it might belong to a species

allied to Cylieoceras undatum, which occurs in the Opaliniformis-

Zone. Assuming that this determination is approximately correct,

this bed would occur at the very bottom of the Inferior Oolite.

The following is a complete list of the fossils that we have obtained

from the different beds of the Inferior Oolite, grouped under the

several matrices from which they were derived. The beds are

arranged in a definite descending order, although this is done with
considerable hesitation.

( Terebratula ghbata, Sow.

r , , ^ Rhynchonella subtetrahedra, Day.
Globaxa- and Coralline ! n /, ... „ ,. T ,

'

-p -^ Lotlijritcs ovat/s, Leske.
±{EDS

| Thamnastrosa aff. mettensis, E. & H.
^ Chuhphi/Ilia sp.

C Trigonia costata, Sow.

rp n J Lima pectiniformis, Sohloth.
LRiGOxi.L-iociur < Rhynchonella spinosa, Sohloth.

[_
Belemnites sp. (a canaliculate fragment).

The Moxtlijaitia-Bei>. f Montlivaltia sp.

partly compact, partly
j

Terebratula sp.

soft.
I
Rhynchonella hamponensis, Buckm.

( Hinnites abjectus. Phil.

j
Cuelastarte excavata', Sow.

I

Gresslya abd/wta, Phil.

Compact Bed \ Pholaaomya jidicula, Sow.

j
Trigonia sp.

I Ammonites sp. {? Cylieoceras undatum, Buckm.)

^ Rhynchonella subringens, Dav.

Palceontological Xotes.

The Montlivaltia sp. has twenty-four long septa, with twenty-four

shorter intermediates, and lastly, a complete cycle of forty-eight still

shorter septa. The base is almost flat, but more convex than in the

typical M. lens, while the epitheca does not appreciably invest any
portion of the sides (as it does in M. Delabechei). The base has

a small central depression, and is covered with a concentrically-

wrinkled epitheca.
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Average diameter= 25 to 30 millimetres ; height=12 to 14 mm.
The brachiopods have been examined by Mr. J. W. D. Marshall,

who has kindly compared them with specimens from his large

collection of Jurassic brachiopods. The specimen of Terebratula

from the Montlivaltia-bed has also been submitted to Mr. Buckman,
who acknowledges its perovalis-hke aspect, but points out that it is

contrary to all experience that this species should occur with

Rhynclionella hamponensis.

Rhynehonella subringens.—Only two specimens of this shell were
found ; they also were submitted to Mr. Buckman, who regards them
as indisputable evidence of the Pea-Grit horizon. He points out

that the presence of that horizon at Sodbury indicates a slight

syncline, which he had already surmised on other evidence.

(/) Fullers' Earth and Passage-Beds.

Bocks belonging to the Fullers'-Earth Series were met with in all

the shafts east of the Cross Hands, and the lower beds are exposed

at the surface in a small cutting close to the first permanent shaft

(No. 5). Our knowledge of the vertical succession is derived,

partly from this cutting, but, in the main, from the set of specimens

obtained from the shafts and preserved in the Great Western Railway-

office at the Cross Hands.

The following section is constructed from an examination of the

rock-specimens derived from Shaft jS"o. 4, which is the only shaft

that penetrates the whole series of beds intermediate between the

oolitic limestones of the Great Oolite above, and those of the

Inferior Oolite below.

Thickness in feet.

Great Oolite. Coarse-grained oolitic limestone.

/0 ,-r> d „ f Compact sandy limestone, with thin
(?) Passage-Beds,

j ^ * '

g(
.

{ Clay and sbale, full of Ostrea acu-

minata 28

I

Argillaceous limestone about 10
Fullers' Earth. { Clay, with Ostrea acuminata 27

Compact blue limestone, with Tere-

bratulaglobata and Ostrea acuminata 5

^ Shale 24
Inferior Oolite. Oolitic limestone (Globata-Beds).

The uppermost beds in this section (coarse-grained oolitic lime-

stone) may be unhesitatingly assigned to the Great Oolite Series.

The lowermost (Globata-Beds) are those already described as

the top beds of the Inferior Oolite. On palseontological grounds
alone, these basal limestones should probably be grouped rather with
the Fullers' Earth, than with the Inferior Oolite : for Terebratula

globata, which characterizes them, occurs of identical form in the

clays above, where it is associated with Ostrea acuminata. Again,

the corals which occur in these limestones are of Bathonian, rather
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than Bajocian types. In many respects these limestones bear a strong

resemblance to the top (or Coralline) beds of Dundry Hill, where
T. glohata, of the typical Pullerian form, occurs associated with corals

very similar to those found in our tunnel-section. 1

The Sandy Limestone-Beds (Passage-Beds).

The exact horizon of these hard beds cannot be definitely settled

from the actual rock-specimens preserved from this shaft (No. 4),

for these specimens contain no fossils. Bocks of exactly similar

texture, however, occur at several levels in the shafts farther

east, and it seems certain that these thick limestone-beds pass

laterally into a series of alternating clays and hard limestones, in

which the relative thickness of limestone and clay varies con-

siderably from point to point. This deduction is based on the fact

that, in each of the shafts farther east (numbered 3 & 2), there

is a thickness of about 40 feet of clays and hard limestones, which
occupy a position exactly analogous to that of the hard sandy

limestones of Shaft No. 4: for they rest upon clays full of Ostrea

acuminata, and are capped by beds of massive oolitic limestone.

The specimens of these beds derived from Shafts No. 3 and No. 2
contain fossils at more than one horizon, so that, from these

specimens, the stratigraphical position of this series can be approxi-

mately determined.

Palaeontologically, these sandy limestone-beds seem to bear a

closer relationship to the Great Oolite than to the Pullers' Earth,

for large specimens of Pholeidomya deltoidea (very similar to the

common Cornbrash form) are common, while no specimen of Tere-

Lratida glohata or Ostrea acuminata was found in them.

These beds probably occupy the same horizon as the Stonesfield

Slate, but they do not bear a close resemblance to that series, either

in lithological or palaeontological characters : for the limestone,

though sandy, is not fissile and the faunal facies is very distinct.

We have simply designated them ' Passage-Beds ' in our tunnel-

section.

The Pullers' Earth.

This consists of a thick series (about 90 feet), mainly of clays

and shales. When traced laterally, the lithological character is very

inconstant, for the clays pass, on the one hand, into shales, and, on

the other, into beds of hard shelly marl. In the middle of the

series, however, there are one or more beds of argillaceous limestone

which mark a fairly constant horizon.

The clays and marls are crowded with Ostrea acuminata, while

Avicula echinata, Terebratula glohata, EhyncJwnella varians (of the

1 Mr. J. W. D. Marshall permits us to slate that he has found typical

Fullers'-Earth fossils in what appears to be a pocket at the western end of

Dundry Hill ( Ornithella cadomensis, Bhynchonella varians, TerebraHda globata,

etc.) ; and one of us has also obtained there a specimen of Ostrea acuminata.
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(45 feet). \ with subsidiary clays.
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typical Fullers'-Earth form) and llliynchonella sp. (described below)

occur plentifully, at certain horizons. A Pecten of the vagans-group

is not uncommon.

The following is a complete list of the fossils obtained from the

Fullers' Earth and Passage-Beds, arranged in descending order :

—

( Pholadomya deltoidea, Sow.
Ph. aff. Heraulti, Ag.

Trigonia pulhis (?) Sow.
Avicula (Pscudomonotis) echinata,

Sow.

\ Cypricardia sp.

i

Ammonites (Perisphinctes) gracilis,

J. Buckm.
Trichites sp.

I

Pecten aff. demissus, Phil.

^ Crustacean.

( Ostrea acuminata, Sow.
Avicula (Pscudomonotis ) echinata

,

Clays, shales, and marls, -r, ,

w
'

e .

with a fairly constant ***"»?* the vagans-gvouV .

Fuller Earth J -ddk 4 ar _ Isocardia sj>

(90 feet).
] illaceous limestones j

Terebratulaglobata, Sow

fin » ,x Khynchonella vartans, Schloth.
^ LUIeetJ -

I
Z?7«. sp.

j
Waldheimia (Ornithella) ornitho-

\ cephala, Sow. 1

Palseontological Notes.

Waldheimia (Ornithella) ornithocephala is non-elongate in form.

The straight central portion of the frontal margin is very short (|-),

compared with the width of the test.

Rhynclionella sp.—This form has a very conrinna-like aspect,

the perforation not being closed below by the deltidial plates.

Mr. Buckman considers it to be a new species, quite distinct from
both Rh. concinna and Bh. obsoleta. Its mutations take place (1) in

form, as shown by a tendency towards greater elongation, rarely

towards greater transversity
; (2) in increased coarseness of ribbing.

Ammonites (Perisphinctes) gracilis^ J. Buckm.—Our specimens

seem to agree with the figures given in the ' Great-Oolite Mollusca.'

The strongly marked ruts at intervals, the nature of the ribbing,

and the open umbilicus, mark the species out as a close relative

of Arnm. (Perisphinctes) Martinsi, d'Orb. ; but the flattened sides,

straight ribs, and narrow rim make it worthy of a distinct name.
Pecten of the vagans-grou.]).—Form elongate; beak-angle less than

90°. Right valve : four broad ribs, each bisected by a groove,

separated one from the other by three broad valleys ; valve convex.

Left valve: ribs (about seven) unequally spaced, low, and cylindrical,

crossed at unequal intervals by scaly annulations : valve flat.

1 Several specimens found at Shaft No. 2 were kindly given to us by
Mr. T. F. Siblv.
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IV. The Great-Oolite Series east oe Sodbtjry Tunnel.

As here defined, the

Great - Oolite Series is

taken to include all the

beds which lie between a

compact, sandy, non-oolitic

limestone below, and a

thick shale - series above.

The sandy limestones be-

low are those which we
have already discussed

under the Fullers'- Earth
Series as Passage - Beds,

and the shales above

undoubtedly belong to the

Forest-Marble Series.

This definition affords

a ready means of marking
off the Great Oolite from

the beds above and below

;

but, since the basis on

which it rests is purely

lithological, it applies only

to the particular area with

which we are dealing.

In the actual section,

as seen in the magnificent

cutting east of the tunnel,

nothing could be more
clearly marked than the

junction of the massive

limestone-beds with a thick

series of shales above : yet,

if a hand - specimen is

taken from one of the

upper beds of the massive

limestone-series, and com-
pared with another spe-

cimen taken from one of

the ledge -like limestone-

bands in the shale-series

above, the similarity of

the two specimens both

lithologically and palae-

ontologically is very

striking.

The whole series ex-

ceeds 100 feet in thickness,

and consists essentially of
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much-jointed beds of massive limestone ; the strata are false-

bedded and wedge-bedded throughout, as well as traversed by
several master-joints. At all depths in the series the massive

limestones have a tendency to pass laterally into sandy beds or

clays, which strike the eye, when viewing the section, as lenticular

masses embedded in a matrix of jointed false-bedded limestone.

When standing at any particular point in the cutting, east of the

tunnel-month, it would be easy to exaggerate the stratigraphical

importance of these clays and sands. For example, in the vertical

face which contains the mouth of the tunnel, a very conspicuous

thick band of dark clay is seen at a short distance above the roof

of the tunnel, resting upon massive limestone-beds which continue

Fig. 4.

—

The eastern end of Sodbury Tunnel.

Forest
Marble.

to the floor, and capped by a prominent sandy bed. Traced later-

ally however, this clay and its capping of sand die out completely,

to be replaced by limestones, continuous in all respects with those

above and below, but containing the same fossils as were found in

the clay and sand.

As another example, we may take the following :— At a short

distance from the mouth of the tunnel, and some 30 feet below the

clay just referred to, occurs a very characteristic sandy clay, as

black as coal. Traced towards the tunnel this passes into a brown
sand, and ultimately into massive limestones; but, under all con-

ditions, the horizon is well-marked by large specimens of Pholadomya
deltoidea, which occur abundantly along this particular level.
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Of the palaeontology of the lower beds we have no record, for

the rock-specimens from the shafts contain no fossils. But from the

upper beds, which are exposed in the cutting to the east of the tunnel-

mouth, we have obtained an extensive series of fossils. These have
been collected at different times during the making of the cutting,

so that the section has been examined almost bed by bed. Again,
the dip, which is variable both in direction and amount (a south-

easterly dip of 7'5 was measured at one point), has always an
easterly direction, and brings each bed in succession down to the

floor of the cutting, so that it can be easily examined.
The following is a detailed account of the section taken near the

mouth of the tunnel, but generalized, so as to apply, with more or

less accuracy, to the whole expanse of Great Oolite.

(i) Lithology of the Section immediately East of the

Tunnel.
e- 4 Thickness in feet.

5 ; Thick shales or clays containing two or more separated 1

\ bands of limestone, which jut out like parallel ledges J
c <
ha

o

O H

E- "

( F. A thick mass of limestones, false-bedded, wedge-
bedded, and much jointed, with occasional lenti-

cular bands of dark clay.

E (2). Sandy layer, thickest just at the mouth of the

tunnel, but thinning out rapidly eastward ; it can,

however, be traced, though much attenuated, to

the point at which it disappears below the floor

of the cutting.

<J
(1). Lenticular band of dark clay; this is about 4 feet

thick at the tunnel, but thins out very rapidly

eastward and dies out entirely before reaching the

floor of the cutting.

I

D. A thick mass of limestone, false-bedded, wedge-
bedded, and much jointed, with occasional lenti-

cular bands of sand and dark clay.

This group rests upon a more or less persistent

thin sandy layer.

( C. Massive, fine-grained, white oolitic limestone (un-

fossilif'erous)

B. Lenticular band of black clay, passing laterally into

sand, but ultimately merging into the general

limestone-mass.

I

A. Massive, fine-grained, white oolitic limestone (un-

fossili i'eruus)

about

15

about

6
(where

thickest).

about
or,

about
91"2

to base.

(ii) Palaeontology of the Section.

(a) Upper Great Oolite, Groups F to D.

Most of the limestone-beds in Groups F and D have a very

coarse oolitic structure, and are crowded with shells largely frag-

mentary. Polyzoa abound in certain layers, and can be picked

out in hundreds from the crumbled surfaces. Of most common
occurrence are slender branching species belonging to the genera

Heteropora, Ceriojtora, and Midticlausa.

CVcZrtWs-spines are not uncommon, and small gasteropoda, especially

small specimens of Trochus, occur plentifully.
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Rhynehonella obsoleta, Terehratula maxillata, and Lima cardn-

formis occur throughout the whole series of beds, but are especially

abundant at certain levels in the series marked D, In a lenticular

sandy layer, about the middle of Group I), we found the following:

—

Group D.

IMhodomus sp.
I Rhynchonella obsolete, Sow.

Lima ea.rdiiform.is, Soa

Trichites nodosus, Lye.

Pecten vagans, Sow.
Terehratula maxillata, Sow.

Waldheimia (Eudesia) eardium, Lam.

Terebellaria, ramosissima, Lamx.
Cidaris sp.

Acrosalenia sp.

Cladophyllia sp.

Peronidella sp.

Prom the sandy and clayey beds, marked E, and especially from
the limestone-beds which are developed in the sandy layer at certain

points, we obtained the following fossils :

—

Group E.

Belemnites sp. Waldheimia ( Omithella) digona, Sow.
Mytilusfureatus, Goldf. W. (Eudesia) eardium, Lani.

Ostrea Sowerbyi, Lye. Rhynchonella obsoleta, Sow.
0. gregaria, Sow. (rare). Berenicea Archiaci, Gregory.
Corbula sp. Cidaris aff. bradfordensis, Wr.
Cucv.llcea aff. coneinna, Phil. 1 Isastrcea limitata, Lamx.
Terebratida aff. bradfordensis, Walker. ' Cladophyllia Conybeari (?) Ed. & H.

Some 300 yards east of the tunnel-mouth, an extremely fossili-

ferous horizon occurs, at the very top of Group F. Here, separated

by a thin clay from the main mass of false-bedded limestones,

is a sandy limestone crowded with fossils. This limestone and
the clay beneath it pass laterally, when followed westward, into

the uppermost beds of Group F. The clay must be regarded,

therefore, as only another instance of the development of lenticular

clay -bands, so characteristic of the series.

The commonest fossils at this horizon are :

—

Group F.

Avicula (Oxytoma) costata, Sow. (very Rhynchonella obsoleta, Sow.
abundant). Bh. coneinna, Sow.

Pecten lens, Sow. Waldheimia (Omithella) digona, Sow.
P. vagans. Sow. Terehratula maxillata, Sow.
Lima cardiiformis, Sow., T. bradfordensis, Walker.
and numerous lamellibranchs.

(/3) Great Oolite (white oolite), Groups C to A.

These consist of massive, fine-grained, white oolitic limestones

which include non-persistent layers of fossiliferous clay and sand

(B) near the top.

The limestones are not highly fossiliferous, but the horizon B is

marked by a very distinctive assemblage of fossils.

Terebratida maxillata and Rhynchonella obsoleta occur sparingly

;

but the horizon is characterized by the abundance of casts of

lamellibranchs. These belong to the genera Pholadomya, Phuromya,
Uniearclium, and Cypricardia (1

') ; the large casts of Pholadomya
deltoidea may be almost said to form a continuous layer.

There is a striking change in the faunal facies, as we pass
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from the White-Oolite Series below to the beds of the Upper Great

Oolite. On the other hand, the Upper Great Oolites are cha-

racterized throughout by very uniform assemblages of fossils. We
may note, however, a gradual increase in the forms characteristic

of the Bradford Clay as we pass upward in the series. In Group D
(see vertical section below) the brachiopods are represented by
typical transverse specimens of Terebratula mcuvillata, large Bliyn-

chonella obsolete*, and an occasional example of Waldheimia cardium.

At the horizon E, though T. maxillata still occurs of the typical form,

it is largely replaced by a form, more elongate, less maxillated, and
with a beak so truncated that the margin of the perforation lies in a

plane sloping backward. Waldheimia digona enters this horizon,

and is not uncommon. Ehynchonella obsoleta is very common, and
Waldheimia cardium occurs sparingly (large specimens of Lima
cardiiformis abound at this horizon). At the top of Group P,

Terebratula bradfordensis occurs of quite typical character, and it is

associated, as at Bradford-on-Avon, with Waldheimia digona. Here
also Avicula costata is quite as abundant as at Bradford-on-Avon.

It is important to note that we have been unable to find any

specimens of Dictyothyris coarctata and of Apiocrinus; but, with

this reservation, it would be utterly impossible to separate the top

beds of the Upper Great Oolite from the Bradford Clay, on palaeonto-

logical grounds. On account of the perfectly continuous faunal

.sequence, we have found it impossible to separate a 'Bradford-Clay'

horizon, and have consequently grouped the whole of the upper

scries of beds under the title of ' Upper Great Oolite,' being content

to point out that the uppermost beds are homotaxial with the clay

at Bradford-on-Avon.

( i ENERALIZED VERTICAL SECTION OF THE CtREAT OOLITE AND FOREST MARBLE EAST

op 'in i". Tunnel (near Acton Turville).

Thickness in feet.

, , , . . f Waldheimia diqona and ~\

Shales and days containing I ^.^ *
especially to top

wo thick limestone-bands. \ abundant toward
'

s tb/e of secti
'

on<
(Forest Marble.)

y base _ j

^ , r . -, u-ii-iv { Rhynchomlla obsoleta. I

b. Massive wedge-bedded lime-
\ rr •'

7 , , , ir , u .

..i
6
. , -, icrebratula bradfordensis. about

-tones, with lenticular sandv
-, 77-777 • • t

'

r
, ,

' J w aldheimia diqona. o
Danas-

I Avicula costata. J

f Lima cardiiformis. \

r a , .,,
-,

j

Rhynclionclia obsoleta.

^ { Dying out J ,.'Y
S
?
n
?y Terebratula aff. bradfordensis \ aboutE '

1 eastward.
l^/stone-bed. T maxiUata,

r
g

I
Sandy clay.

j
Waldhdmia digma ^

I W. cardium. j

-r.
-., .

1 , n t ,. f Lima cardiiformis. 1

D. Massive wedge-bedded Line-
TerchraUda maxiUata. about

stones, with several lenti- -

Pih hmella oUoMa . 24
cular sandy bands.

| wJmdmia cardium. \

Thin sandy parting, variable in thickness.. 1

C White oolitic limestone, with few fossils 3
B. Lenticular sandy band, of very variable J Pholadomya deltoidca, 1 .,

thickness.
[

abundant. /

A. Massive white oolitic limestone, with few fossils to base of section.
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V. The Forest Marble and the Cornrrash.

The Forest Marble crops out south-west of Badminton, a few

yards west of the eastern end of the big tunnel, and extends thence

eastward as far as Bradfield Farm, south-east of the village of

Norton, a distance of 6^ miles. As regards the extent of country

that it occupies, and the'number and size of the cuttings opened in

Fig. Cutting about 650 yards east of Soclbury Tunnel.

Forest

Y Marble.

'lay, with hard
band. Bradford-
Clay fades pre-

dominating over
Great - Oolite

facies.

Wedge-bedded
Upper
Great
Oolite.

it, the Forest Marble is undoubtedly the most important deposit cut

through by the line.

The Forest Marble maintains throughout its typical character, as

beds of variable shale alternating with compact shelly, oolitic, lime-

stone, or hard sandy limestone with doggers. It shows great

lateral variability, the limestone-bands being all lenticular deposits,

not traceable for any great distance. The shelly limestones jut out

like ledges in the shales, and have their surfaces covered with fossils,

among which species of Pecten are common. When broken across,

the limestone-slabs are seen to be made up of parallel layers of

closely packed shells. On the surfaces of such slabs we recognized
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the following fossils : Pecten lens, P. annulatus, P. rigiclus, P. vagans,

Ostrea Sowerbyi, Rhynchonella (mutation of Eh. conclnna).

The lowest beds of the Forest Marble seen overlying the Great
Oolite immediately east of Sodbury Tunnel are :

—

Thickness in feet.

2. Shale, with limestone-band 2 feet thick in places 8
1. Shale, which, when followed eastward, develops a prominent

band of shelly limestone 1 to 3 feet thick 18
Great Oolite. Compact, false-bedded, shelly oolite.

The above series is cut ofr by a fault with a downthrow to

the east, at a point due south of Badminton Farm. East of this

fault shales are seen, and at the point where the road between
Badminton and Acton Turville crosses the line, a limestone-band is

seen coming on below ; this may be the upper of the two bands
which were cut off by the fault. Embankments or shallow cut-

tings, showing no continuous series of exposures, extend from this

point until the big cutting due south of Alderton is reached.

Immediately west of Alderton Tunnel there is a section of

Forest Marble, showing predominating clays or shales and subsidiary

limestones, as follows :
—

Clay or shale

Ii ^persistent limestone

Blue clay

Hard, blue, oolitic limestone

Clay
Hard, blue, oolitic limestone

Blue sandy clay

Compact oolitic limestone, weathering yellow, to base

of section

Feet Inches.

15
6

30
6

3
9

2 3

60

At the eastern end of Alderton Tunnel there is a fine section

through the Forest Marble, which is traversed by three faults with
slight downthrows to the east. The section immediately east of the

tunnel is as follows :

—

Thickness in feet.

3. Thinly-bedded limestone, false-bedded at the base... 10

2. Blue clay and shale, with a hard band near the top

and a more persistent hard band near the base ... 20
1. Hard limestone to base of section 10

The above section shows predominating limestones and subsidiary

clays. The lowest beds some 200 yards to the east pass into shale
;

the limestone at the top also thins out eastward, and is replaced

by shale.

The cutting which commences east of Alderton Tunnel extends

almost continuously as far as Bradfield Farm, and affords a splendid

section of the Forest Marble. This shows the usual great lateral

variability and frequent false-bedding. Several small faults cut

through the beds to the east of the Fosseway, but the beds as a

rule show little disturbance. In the neighbourhood of the Fosse-

way and Furleaze Farm they are approximately horizontal ; when,
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however, a point due south of the village of Norton has been

reached, the dip is 10° south-eastward.

A general section of the Forest Marble here is as follows :

—

Oornbrasii. Thickness in feet.

(8. Shale 20
! 7. Hard compact sandy limestone with doggers, alter-

^ nating with irregular bands of loose sand, the sand
5 I predominating in the middle of the series 15

6. Shelly limestone 5
5. Compact oolitic shelly limestone, very variable 1 to 6

g I 4. Shale 25

o 3. Hard, very shelly band (typical Forest Marble) 3
2. Shale 10
1. Limestone, sometimes sandy, sometimes oolitic 1 to 3

-i

W

Band 3 in the above section, which is full of Pecten vagans

and P. lens, is very prominent. Its westernmost outcrop is due

south of Townleaze Barn.

At a point nearly half a mile west of Bradfield Farm, the Cornbrash
is seen coming on above the Forest Marble, and an excellent section

of it is exposed in the cutting as far as the farm, as well as in a

road-cutting leading to Hullavington Station.

The cutting west of Bradfield Farm shows the following section

of Cornbrash :—
Thickness in feet.

3. Thinly-bedded, reddish, flaggy limestone 4
2. Loose yellowish clay 4

1. Limestone, rubbly at the top but chiefly thin-bedded, compact,
and shelly. Avith abundant Ostrea Suwerbi/i 3

Forest Marble to base of section.

Fossils are, as usual, very plentiful in the Cornbrash ; we ob-

tained :

—

Echinobrissus clunicidaris, Llwyd.
i

Waldhcimia(Ornithella) obovata,Sow.
(Very common.)

Pseudodiadema versipora, As.
Acrosalenia hemicidaroides, Wright.

A. spinosa. Ag.

Rhynchonella concinna, Sow.
Avioula (Pseudomonotis) echinata,

Sow. (Very common.)
Ostrea Sowerbyi, Lye. ( Very common.)

Terebratula intermedia, Sow. ; Modiola sp.

VI. The Oxford Clay and the Corallian.

The westernmost outcrop of the Middle Oolites is near Kingway
Barn, whence they extend as far as the end of the line at Wootton
Bassett, a distance of some 10 miles. By far the greater part of

this distance is occupied by the Oxford Clay, the Corallian being

seen only in Wootton Bassett station-yard. Unfortunately our
examination of these beds was delayed till they were very much
earthed-in and overgrown.

The Callovian is seen in a cutting which traverses the northern

end of Bincombe Wood, between Eodbourne and Kingway Barn.
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Mr. H. B. Woodward 1 notes that the beds seen here are all

referable to the Kellaways division, and consist of 20 feet of clay

with septaria, overlain by "10 to 20 feet of sandy and loamy beds.

The only bed exposed at the time of our visit was a brown sandy
clay, which yielded :

—

Modiola bipartite/,, Sow. i Ammonites (Proplamdites)' Koenigi,

Trigonia sp. cf. irregularis, Seebach.
j

Sow.
Ostrea aff. Sowerbyi, Lye. (Abundant.)

j

Amm. (Stephanoceras) coronatus,

Belemnites obeliscus, Phil. Briig.

We obtained also Ammonites {Stephanoceras} gowerianus, Sow.
from a neighbouring- embankment. Amm. (Gardioceras) modiolaris,

Llwyd, we did not find, but numerous specimens of it and of

Amm. Koenigi were to be seen in the neighbouring railway works-

office at Kingway Barn, and we were informed that they came from

this cutting.

Farther east, for a distance of 4 miles, no other exposures were
met with, the line consisting of a series of big embankments
chiefly formed of Forest Marble brought from the long cuttings east

of the tunnel. Immediately west of the road leading from Little to

Great Somerford, brown unfossiliferous sand is exposed at several

points. This is noted by Mr. Woodward {Joe. cit.), and the sand is

ascribed to the Callovian.

The next exposures occur in a cutting about Ik miles east of

Somerford Station. The sides of the cutting were very much over-

grown at the time of our visit, but in little drainage-trenches

Lower Oxford Clay (Ornatus-Zoiie) of a very shaly type was
exposed, containing :

—

Avicula aff. Miinsteri, Groldf. I
Ammonites (Cosmoceras) Jason, Rhein.

Modiola (?) \
Amm. (C.) ornatus, Scliloth.

Cerithium(?)
I
Amm. (C.) Elizabeths, Pratt.

Although there are other cuttings, we saw no more exposures

until a point due south of Brinkworth Rectory was reached. Here,

in a patch of clay still not earthed-in, we obtained :
—

Gn/phcea dilatata, Sow. (Very com- B. obeliscus (?) Phillips.

raon.)
j

B. Oweni, Pratt.

Avicula aff. Miinsteri, Goldf. l Ammonites (Quenstedtoccras) Lamberti,

Isoarca (!)

Belemnites hastatus, Blainv.

B. hastatus var. gracilis, Phillips

B. sulcatus, Miller.

Sow.
Amm. (Q.) Maria, d'Orb.

Amm. (Q.) Sutherlandi, Sow.
Amm. ( Cardioceras) cordatus, So\

This assemblage of fossils shows that the beds are of Upper
Oxford-Clay age. Further earthed-in cuttings extend as far as a

point south of Callowhill Farm : and after that embankments begin,

and extend as far as Wootton Bassett.

On the south side of the cutting, at the bridge for the road between

Chippenham and Swindon, west of Wootton Bassett Station, there

is a good section showing the Corallian with the underlying top of

the Oxford Clay. The section is as follows :

—

1 Mem. Geol. Surv. ' Summary of Progress for 1898 '

p. 180.
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Thickness in feet.

(4. Clay, with hard bands not markedly pisolitic, the

I
hard bands predominating at the top seen 20

Ookallian. { 3. Hard pisolite, with a thin irregular band of black

I

clay sometimes pisolitic 4

t^2. Pisolitic clay 1

1. Stiff dark-blue Oxford Clay with Thracia, becoming
more sandy above 9^

Cidarisflorigemma and Ostrea sp. were common in all the beds

above the Oxford Clay. Thecosmilia annularis, Chemnitzia, and
Belemnites abbreviates (Mil.) also occurred in the Coraliian.

The beds near the bridge on both sides of the line have only a

slight south-easterly dip, but a few yards to the east the dip is as much
as 15°, the direction being south 15° east. There was not enough

evidence to enable us to determine whether this was due to flexure.,

or to a fault which is shown here in the 1-inch Geological Survey

map, but of whose presence we obtained no other evidence.

VII. Summary and Conclusions.

The following seem to us to be the most noteworthy points about

the section that we have examined :

—

(i) The thickness of the Lower Lias (about 200 feet to the top of

the Cajyricornus-Zone) as compared with that in the districts.

farther south ; and its remarkably shaly character, limestone

being predominant only at the base,

(ii) The presence of the three zones of the Upper Lias in a thick-

ness of about 10 feet, and the pyritous condition of the

fossils in the Bifrons-Zone.

(iii) The great thickness of the Cotteswold Sands (185 feet),

and the occurrence at several horizons of hard sandy beds

containing Ammonites striatulus, as previously noted by
Mr. S. S. Buckman.

(iv) The occurrence of four ammonite-zones {fide Mr. Buckman)
in an exceptionally fossiliferous Cephalopod-Bed.

(v) The recognition of the Pea-Grit horizon in the Sodbury
district,

(vi) The presence of an oolitic limestone of considerable thickness.

containing fossils of Eullers'-Earth type, and forming a

passage-bed between the Inferior Oolite and the Fullers'

Earth.
1

(vii) The occurrence of a thick series of sandy limestones at the

top of the Fullers"-Earth Series, probably on the same horizon

as the Stonesfield Slate,

(viii) The character of the upper beds of the Great Oolite, which
consist of wedge-bedded oolitic limestones containing a series

1 Somewhat similar passage-beds are described in Mem. Geol. Surv. ' Jurass
Rocks ' vol. iv (1894) pp. 12<J & 232.
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of lenticular patches of clay and sand, with a fauna re-

sembling that of the Bradford Clay. 1

(ix) The great thickness and monotonous character of the Forest
Marble.

(x) The characteristic development of the usual zones of the

Oxford Clay.

Discussion.

The Llev. H. H. Winwood regretted that so many papers were
croAvded into one evening, necessarily restricting discussions often

of great importance. However admirable an abstract might be,

yet in the absence of the writers of the papers it was impossible

adequately to appreciate their work. In the present instance

he was debarred from asking several questions respecting the

conclusions resulting from the careful work of the Authors on the

railway-line cut through these most interesting Jurassic strata.

He would, however, suggest that further evidence was required,

than the finding of Terebratula digona, to establish the existence

of Bradford Clay in the Acton-Turville section. He hoped that

the term ' Cotteswold Sands ' would give place to the old name
4 Midford Sands'; and called attention to the fact that a large amount
of water (owing to the sinking of Shaft No. 6 through the Oolites

to the Lower Liassic Clays) now ran westward instead of east-

ward, suggesting that this might affect the head-sources of the Avon
at no great distance, near Didmarton.

The Rev. J. F. Blake said that he could only comment on the

paper from a general point of view, not having been able to visit

the section ; but this he was glad to do, as it was important to

have on record this continuous section along a new line, by such

competent observers, who appeared to have obtained ample data

for the discussion of the sequence.

If the paper, as read, told of all the principal fossils obtained, it

was remarkable how varying a development the lower part of

the Jurassic Series showed from place to place. The fossils might

occur in their right order, but it was impossible to contend that

all the zones were distinguishable. Above the Buc/dandi-Beds

the series seemed incomplete, and the Middle Lias showed no
Spinatiis-Beds ; and. what was more remarkable, there were no

Serpentin «s-Beds in the Upper Lias, which yielded only Ammonites
communis and Amm. bifrons. Then, in the Inferior Oolite, there

was only the lowest zone of Amm. opcdinus.

With regard to the beds above the Inferior Oolite, it did not

appear whether the so-called Great Oolite represented the true

Oolite of Bath, or was only correlated with it ; and the speaker felt

that too little was known of the distinctive faunas of this part, to

permit of the separation of a Bradford Clay and Forest Marble,

except by position and lithology.

1 This feature has been previously noted in the Minchinhampton district,

Mem. Geol. Surv. ' Jurass. Rocks ' vol. iv (1891) pp. 271-72, and in the

Corsham district, ibid. p. 356.
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Aare Valley (Switzerland), Decken-
schotter-deposits in, 451 et seqq.

Aberdeen, earth-tremors at, 382.

Aberlour (Inverness), earthquake at,

381-82.

Acantkopyge, 60.

Aclisina (!) obscura, sp. nov., 337-38
& pi. ix.

Acrotreta (!) Sabrwue, 143 ; var.

malvemensis nov., 143-44 figs.

sp., cf. socialis, 144-45 figs.

sp., 142 fig.

Acton Burn (Durham), Drift of,

598.

Acton Turville (Gloucest.), generalized

vert. sect, descr., 746.

Adamello (Tyrol), chera. anal, of

Tonale diorite from, 175.

Afon Lwyd (S. Wales\ course of,

208.

After-shocks (Inverness earthquake),

385-91.
Agassizoceras Saitzeanum (!) , 724.
* Aggregate-deposits,' 278.

Agnostus princeps not a true species,

121.

trisectus, 119-21.

Aigremont (Switzerland), breccia in

Flysch near, 195-97 fig.

Airolo (Switzerland), 705 et seqq.
;

view of river-gorge below, pi. xxxix.

Albigna Valley (Switzerland), 710,

711 ; view of, pi. xxxix.

Alderton Tunnel (Wilts), Forest
Marble W. of, 748.

Algous (?) growths in altered sinter,

31-32 & pi. ii.

Q..LG.S. No. 232.

' Aligned sequence,' 482.

Allendale (Northumberland), map
showg. glacial lakes, 600; iDrift,

etc. of, 597-98.

Allt-a-ghruan (Sutherland), 296 ; boss

of O.R S., &c. at, 303 fig. ; Neocom.
cycad from, 308.

' Alluvion ancienne,' see Decken-
schotter.

Alps, 'hanging valleys' in Himalayas
and, 703-18 & pis. xxxvi-xl ; sect.

to Basel, showg. Deckenschotter-
deposits, 454 ; see also Alpine.

Alpine Flysch, breccias in, 194-97

fig. ; Alpine valleys in relat. to

glaciers, 690-702 & pi. xxxv
(sects.) ; see also Alps.

Alston (Cumberland), Drift, &c. near,

595.

Ami, H. M., the Great St. Lawrence-
Cham plain-Appalachian Fault of

America & some G-eol. Problems
conn. w. it [title only], lxxxviii.

Amphibole in Ceylon rocks, 416-17 w.

chem. anal. ; see also Hornblende.
Ampitiya (Ceylon), forsterite of, 414,

415 w. chem. anal.

Analysis of rocks, mineral, 163-78 fig.

Anatase fr. Bunter Pebble-Bed, 622
& pi. xxxii.

Andesite, decomposed, nr. Mousali,

153 ; basic, nr. Shap Granite,

metamorph. metallif. vein in, lxxxi-

lxxxii.

Andesite-boulders in Teesdale area,

580.

Aneimites ovata, 21-22.

3r
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Anglesey (S.E.), orig. & assoc. of

jaspers of. 425-40 figs. & pis. xv-
xvi (microscop. sects.)

;
(Central),

plutonic complex of, 662-79 w. geol.

map & figs.

Anglo-Norman Basin (Middle Lias),

268.

Angalatiis-Beds (Lr. Lias), 721-22.
Annual General Meeting, ix

;
proper

scope of, xii.

Antigua Formation in Barbados, 357-
60 figs.

Apatite in [St. Vincent] vole, ash,

368; in Ceylon rocks, 403, 416;
inclusions in zircon, 623 ; do. in

quartz, 625.

Apophyllite in Ceylon gneisses, 685.

Arber, E. A. N., on Clarke coll. of

Foss. Plants fr. New South Wales,
1-26 fig. & pi. i.

Arctinums, 60.

Arges, 60.

Arietiles Turneri, 724.

Armagh Breccias, 186.

Arrna/its-Beds (Lias), 725-27.
Armorican massif, as a source of

material of Bunter Pebble-Bed,

630, 632 ; Arm. movements, pre-

Triassic, &c. in S.Wales, &c, 212-
13, 214, 221, 225.

Amioceras semicostatus, 724.

Arowa (N.S.W.), foss. plants from,
21-22 ; age of beds discussed, 25.

Ash, volcanic, fallen in Barbados,
lxxxiv, lxxxvi, 368-70 w. chem.
anal. ; do. fallen on s.s. Roddarn,
lxxxvi ; Palaeozoic, of Clogher-Head
district, 229 et seqq., 232, 238 figs.,

260-62.

Assets, statement of, xl.

Astarte sp. (Opalinid-Bed), 735.
Auditors elected, vi.

Augite in [St. Vincent] vole, ash, 368

;

in Ceylon gneisses, 685.

Augite-syenite, nr. Bulgarkeui, 153-

Acicala-contorta zone, see Rhatic.
Axe River (Devon), sect, to Lyme

Regis, 280.

Ayre, Point of, see Point of Ayre.

Bacteria, agency of, in conn. w. con-

cretions in Lr. Coal-Measures, 50-
51, 55-57 figs., 58 ; in conn. w.
deep-sea deposits, lxvii-lxviii.

Badby (Northants), Lias of, 271.

Badminton (Gloucest.), 747, 748.
Baiera multifida, 4-5.

Bala Fault (N. Wales), movemts.
along, 224.

Balance-sheet for 1901, xxxvi-xxxvii.

Bale, see Basel.

Ballaghenney (I. of Man), boring at,

651-52, 659.

Ballaquane (I. of Man), Lr. Red
Sandst. & Brockrams of, 633-36
figs.

Ballawhane (I. of Man), boring at,

648-49, 659.

Balloting-lists, alteration in, xi.

Ballynahow (Kerry), Silur. near, 252,
253.

Banbury (Oxon), Middle Lias near,

267 et seqq.

Banded rhyolites of Clogher-Head
district, 229 et seqq., 259. Banding,
see Foliation.

Barbados (W.I.), fall of vole, ash in,

lxxxiv, lxxxvi, 368-70 w. chem.
anal.

;
geol. & phvs. developmt. of,

354-55, 356-63 figs., 364-67.
Barlow-Jameson Fund, list of awards,

xxxiii.

Barrow, Gc., 437 ; receives Barlow-
Jameson Award for W. M.
Hutchings, 1.

Basalts in Europ. Turkey, 152, 153.

Basel (Switzerland), sect, to Alps
showg. Deckenschotter - deposits,

Bath (Barbados), sect, near, 360; Bath-
Reef Series, 361-63.

Bather, F. A., receives Lyell Medal
for R. Lydekker, xlvii.

Bauerman, H. [on Cinnabar fr. Kwei-
Chau], viii.

Bayzand, C. J., 631.

Beach- lines, ancient, 474-75.
Beaumaris district (Anglesey), jaspers,

etc. of, 425 et seqq.

Beecher, C. E., Revision of Phyllo-

carida fr. Chemung & Waveriy
G-roups of Pennsylvania, 441-49 &
pis. xvii-xix.

Beheaded valleys, orig. of, 700.

Beldon-Burn valley, diagrammat. view

of, 603.

Belemnites aff. Voltzii, 735.

Belemnites, Liassic, mutations of,

725.

Bellegarde (France), Deckenschotter
near, 459.

Bellingham (Northumberland), Drift,

etc. near, 597.

Bennettites Peachianus, 308.

Berry Head (Devon), 622, 626.

Beyrichia Angelini, contrasted w.

Polyphyma, 87-88.

Biasca (Switzerland), 705 et seqq.

Bifurcation of lake-outfalls, 485-86.

BfGSBY medallists, list of, xxxiii.



Vol. 58.] GENERAL INDEX. 755

Biller-Howe Dale (Yorks), view lookg.

up, 538 fig.

Bingley, G-., 568.

Biotite-gneiss of C. Anglesey, 665.

Black Sea, sedimentation in, lxvii-

lxix.

Black Shales, see White-Leaved-Oak
Shales.

1 Blacks '= soft black shale, 615.

Blacksmith Hill (Yorks), ancient lake,

541-42.

Blake, Rev. J. F., cataloguing of

Museum Collections, xi, xv ; his

'suggestions for certain improve-
ments,' xi-xii ; exhib. MS. map of

Anglesey, lxxxvii ; on Inlier among
Jurass. Rocks of Sutherland & its

bearing on Orig. of Breccia-Beds,

290-310 figs.
;
quoted, 433.

Blake, J. H., obituary of, liii-liv.

Bloxham (Oxon), Lias of, 269, 270.

Blue Lias, see Lias (Lr.).

Bodwrog (Anglesey), 668, 677.

Boleyn (Anglesey), 665, 669.

Bone-bed (Rhastic) on Dorset coast,

282.

Bonney, T. G. [on Smaragdite-Eupho-
tide fr. Saasthal], iii-iv

;
[on vole.

ash fr. W. Indies], lxxxvi-lxxxvii

;

on Relat. of Breccias to Phys.

Geogr. of their Age, 185-203 figs.

;

on Alpine Valleys in relat. to

Glaciers, 690-702 & pi. xxxv (sec-

tions)
;
quoted, 402, 663.

Boosbeck Valley (Yorks), map of, 526.

Borrowdale Rocks in Teesdale, 574-

75.

Boulder-Clay (Chalky) of Suffolk,

matrix of, 179-84 ; see also Drift.

Boztepe (Turkey), coal at, 153.

Bradfield Farm, 747, 748 ; Cornbrash
west of, 749.

Bradford Clay (?) nr. Acton Turville,

746, 752.

Brampton (Cumberland), Drift, &c.

near, 596.

Braysdown Colliery (Somerset), over-

thrusts & other disturbances in,

609-19 figs.

Breccias, relat. of, to phys. geography

of their age, 185-206 figs. ; brecc.

of Sutherland coast, orig. of, 290-

312 figs. ; vole, of Dominica, 347.

Bregaglia Valley (Switzerland), hang-
ing valleys of, 710-11 & pi. xxxix.

Breton, Miss, lxxix.

Bristow, H. W., 28, 32.

British Association geol. photographs,

v.

Broadwood Quarry (Weardale), Boul-

der-Clay, &c. at, 591.

Brockrams of N.W. England, 185-86
;

in I. of Man, 633 et seqq., 647 et

seqq.

Bronsil Shales, 105-108 ; list of foss.

from, 110 ; correlat. w. beds in

other areas, 128-31.

Brookite fr. Bunter Pebble-Bed, 625
& pi. xxxii.

Brown Rigg (Yorks), viewed fr. W.
side of Jugger-Howe Beck, 543 fig.

Bruggerberg (Switzerland), sect, to

Mt. Irschel, 456 ; Deckenschotter
of, 451.

Bryn Hyfryd (Anglesey), jasper from,

437 & pi. xv.

Brvn Llwyd (Anglesey), pillowy dia-

base S.W. of, 428 fig.

Bryn Mawr (Anglesey), jaspery phyl-

lite from, 437 & pi. xv.

Biicklandi-Be&s (Lr. Lias), 722-23.

Buckman, S. S., 724, 733, 735, 736,

751.

Budleigh-Salterton Pebble-Bed, see

Bunter.

Builth (Brecknock), altered silic. sinter

from, 28-34 figs. & pi. ii (microsc.

sects.) ; specims. of same presented,

lxxxiv.

Bulgarkeui (Turkey), borings for coal

near, 154.

Bull Vein, in Upper C. M. of Somer-
set, 611 et seqq.

Bunter Pebble-Bed inW. of England,
mineral constitute of finer material

" of, 620-32 w. map & pis. xxxi-xxxii.

Burlescombe (Devon), 621 et seqq.

Burniston (Yorks), Glacial geol. of

country betw. Hellwath and, 544 et

seqq. ; do. betw. Scalby and, 551-
52.

Byfield (Northants), Lias of, 271, 272
-73.

Caermarthen shire, submerged & gla-

ciated rock-valley in, 35-36.

Cain's Strand (I. of Man), 638, 643.

Caithness Flags, inlier of, nr. Port
Gower, 291-97 figs.

Calcite, intergrowtbs. w. dolomite, in

crystall. limest. of Ceylon, 411-14
figs.

Calcium-carbonate, precipitation of,

under varying conditions, 53-55
figs.

Caledonian movement, in S. Wales,
&c, 214-16 ; determ. of river

-

system by, 216-19; age of. 220-21,
222 et seqq.

Callaway, Oil, Descript. Outline of
Plutonic Complex of Central Angle-
sey, 662-79 w. geol. map & figs.
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Callovian on S. Wales Direct Line,
749-50.

Cambrian of Malvern Hills (& assoc.

beds), 89-135 figs., 148-49 ; Poly-
jphyma fr. same, 83-88 fig. & pi. iii

;

brachiopocla fr. same, 135-47 figs.

Capoudjidere (Turkey), coal at, 155.

Capricormis-zone (Lias), 730-32.
Carboniferous (& other) beds in N. of

I. of Man, 647-61 w. geol. map &
sects. ; see also Coal-Measures, §c.

Carboniferous Limestone (& chert) in

Brockram of Peel district, 640,
641.

Cardiooarpus sp., 20-21 fig.

Carhoo (Kerry), 250, 257, 259.
Carlisle earthquakes of July 9th &

11th, 1901, 371-76 w. map, 398.
Carlton Bank (Yorks), a beheaded

valley, 514.

Carneddau, see Bui lth.

Carriganeena (Kerry), sect, descr.,

245, 246, 260.

Carrigard (Kerry). 239, 240, 262.

Carrigcam (Kerrv), Silur. «xc. of, 234
-35, 250. 261.

Cass Stroan (I. of Man), 638.

Cassiterite fr. Burner Pebble-Bed,
623.

Castle Beck (Yorks 1, sect, across Jug-
ger-Howe Beck and, 545 fig.

Castle Hill (Yorks), intake of oxbow
viewed fr. Moss Swang, 508 fig.

Castles, the ; see High Holwick.
Cennen disturbance (S. Wales), 211-

12, 214.

Cephaloood-Bed, in Sodbury Tunnel,
734-36.

Ccratarges armatus, 75-76 fig.

Ceratolichas gryps, 81 fig.

Cerig Mawr (Anglesey), jasper fillg.

interspaces of pillowy diabase, 428
fig.

Ceylon, crystall. limest. of. 399-424
figs. & pis. xiii-xiv (geol. maps)

;

wollastonite-scapolite gneisses of,

680-89 figs. & pi. xxxiv (geol.

map).
Chalk-escarpment in S. England, Sec.

foring. main water-parting, 219-
20.

Chalky Boulder-Clav of Suffolk,

matrix of, 179-84.
'

Cjiamberlix, Th. Cm-;., elected For.
Corresp.. lxxxi.

Chapman, Fk., 31, 33.

Charnian movement, in S.Wales, <kc,

213-14, 223, 225.

Charnockite, use of term, 401.
Charnockite Series in Ceylon, 401 ;

relats. betw. crystall. limest. and,

405-11 figs., 423-24; do. betw.

Point-de-Galle Group and, 683, 687.

Charton Bay (Dorset), 281, 282.

Chase End Hill (Malvern), 83 ; sect.

at northern end, 100.

Cheirurus Frederici, 120 figs., 121-22.

Chemung Group (Upper Devonian)
of Pennsylvania, revision of Phyllo-
carida from, 441-49 Apis, xvii-xix.

Cherts, radiolarian, of Anglesey, see

Jaspers.

Cherwell Vale, Lias of neighbourhood,

267, 271, 273.

Chipping Sodbury (Gloucest.), Lilliput

cuttg. near, 726 fig., 727.

Chlorite-gneiss of C.'
r

Anglesey, 663-

Cidaris-Shiiles (Lr. Lias), 720-21.
Cinnabar, penetration-twin crystal,,

viii.

Cipolin of Ceylon, see Crystalline

limestones.

Cirques, &c, format, of, 699 ; sub-

merged cirques in Windward Is.,

353, 355.

Clarke, J. M., 444.

Clarke collection of foss. plants fr.

New South Wales, 1-27 fig. & pi. i.

Claypole, E. W., obituary of, liv-lv.

Cleddau R. (S. Wales), course of,

212.

Clent Hills (Staffs), Permian breccias

of, 1 87 et seqq.

Cleveland Hills (Yorks), system of
glacier-lakes in, 471-571 figs. &
pis. xx-xxviii.

Climate & glaciation, 37 et seqq.
;

clim. & format, of breccias, 200-
203.

Clinohumite in Ceylon rocks, 418-20'

w. chem. anal.

Clogher Head district (Kerry), fossilif.

Silur. &c. of, 226-66 figs. & pi. vi

(geol. map).
Clogher-Head Series (= Lr. Wenlock),

256, 257.

Cloughton (Yorks), Glacial geol. of

country betw. Peak and, 544 et

seqq. ; contoured map of country
betw. Hellwath and, pi. xxvii.

Coal, absent (?) fr. matrix of Suffolk

Boulder-Clay, 181-82; (Eocene) in

Europ. Turkey, 150-62 & pi. iv

(geol. map) ; unsuccessful boring
for, at Lyme Eegis, 279, 289.

Coal -balls, see concretions.

Coal Hill (Malvern), baked shales of,

106-107.

Coal-Measures (Lr.), orig. of concre-

tions in, 46-58 figs. & chem. anal.

Codrixgtox, Th., on Submerged &
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Glaciated Rock-Valley at Drys-
llwyn, 35-36 fig.

Cole, G-. A. J., [on Variolite in

Anglesey rocks], 429-30.

Columbia Series, beds in Windward
Is. correl. with, 350, 352, 362.

Comber, Thornton, 504.

Comber Hill (Teesdale), Drift of, 577.

Coruinondale (Yorks), relief-map of

country betw. Doubting Castle and,

520.

CviiiiiMius-zone, 269, 270.

Concretions in Lr. Coal-Measures,

orig. of, 46-58 figs. & ehera. anal.

Conolichas cequiloba, 79 figs.

Contact-metamorphism, growth of

knowledge of, lxxiii et seqq.

Continental climate, conditiong.

format, of breccias, 203.

O00MARASWAMY, A. K., on the Crystal!.

Limest. of Ceylon, 399-422 figs. &
pis. xiii-xiv (geol. maps) ; on the

Point-de-Galle Group, Ceylon:
Wollastonite - Scapolite Gneisses,

680-89 figs. & pi. xxxiv (geol. map).
Coonakeel (Kerry), 244, 245.

Coosaneal Inlet (Kerry), 243, 262,

263.

Coosavaud & Coosbeg (Kerry), 248.

Coosglass (Kerry), coast-sect, to Coos-
more, fig. & descr., 240-47.

Coosgorrib Inlet ( Kerry), sect, across,

249 fig.
;
quartz-porphyry of, 263.

Cooshaun Inlet (Kerry), 230.

Coosmore (Kerry), coast-sect, to Owen,
fig. & descr., 235-40

; coast-sect, to

Coosglass, do., 240-47.
Coral-Point Formation (Dominica),

349-50.
Coral-reefs, raised, see Raised Coral-

Reefs.

Corallian, west of Wootton Bassett,

750-51.

Cornbrash on S. Wales Direct Line,

747-49.

Cornish, V. [on Waves & Ripples in

Water, Cloud, Sand, & Snow], ii
;

[on Snow-Mushrooms], iv.

Cornish granites, mineral & chem.
anal, of, 169-70.

Corrie-glaciers, 713.

Coeein, R., 639.

Corydocejphalus palmattts, 70-71 figs.

Cotteswold Sands, in Sodbury Tunnel,

733.

Coumaleague (Kerry), 250, 251, 253.

Council & officers elected, xxiv; method
of election of, xi.

Council's Report, ix.

Cowgate Slack (Yorks), sect, to Hay-
burn-Wyke Station, 547 fig.

Craig-yr-Allor (Anglesey ) anticlinal

dome, 669-70.

Craigie Point (Sutherland), 297, 298.

Craspedarges, 61.

Creg Ma'lin (I. of Man), Lr. Red
Sandst, & Brockrarns of, 633-36
figs.

Cretaceous (Upper), overlappg. older

formats, in Devon, &c, 218-19

;

Cretac. on Devon & Dorset coast*

280 fig., 283.

Cribarth disturbance (S. Wales), 210-
11, 214 et seqq.

Croaghmarhin Beds (=Ludlow), 256
-57.

Croaghmarhin Hill (Kerry), 239 fig. r

250, 253.

Cronkley Gorge (Teesdale), sect, across,

573 ; Cronkley Scar, 574, 576-77.
Crunkley Gill (Yorks), map of, &

sect, across, 528 & 529.

Crystalline limestones of Ceylon, 399-
424 figs. & pis. xiii-xiv (geol. maps);
do. of C. Anglesey, 668.

Crystalline schists, evolut. of petrol.

ideas as to, lxxi-lxxviii ; cr. sch. of
Trinidad, 363; do. of Anglesey,

relat. of jaspers to, 434-36.
Culverhole Point (Dorset), 281, 282.

Cyanite fr. Bunter PebblerBed, 627.

Cyrtostropha, subgen. nov., 322; geol.

range of, 319.

bicincta, 325 & pi. vii.

corallii, 322-24 & pi. vii.

• obscura, 327 & pi. viii.

Onloviv, sp. nov., 328 & pi. viii.

robusta, sp. nov., 327-28 &
pi. viii.

scitula, sp. nov., 324 & pi. vii.

torquata, 326 & pi. viii.

Dalarossie (Inverness), earthquake at,

381.

Danby (Yorks), sect, at brick-&-tile

works, 478.

Danby Beacon (Yorks) relief-map of
country betw. Kempston Rigg and,
pi. xxiv.

Daniel-Pidgeon Fund, foundation of,

xii.

Dardanelles, orig. of, 159, lQOef seqq.

Davies, Miss [anal, of Cornish granite],

169.

Davis, W. M;, 471, 690 et seqq., 703
et seqq.

Davison, Oh., on Carlisle Earthquakes
of July 9th & 11th, 1901, 371-76
w. map ; on Inverness Earthquake
of Sept. 18th, 1901, 377-96 w. map
& pis. xi-xii (maps).
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Dawkins, W. B., moves resolut. of

sympathy w. W. Indian sufferers,

lxxxiii ; exhib. sandworn pebbles

fr. New Zealand, Ixxxv ; on Eed
Sandst. Rocks of Peel (I. of Man),
633-46 figs. & pi. xxxiii (geol. map)

;

on Carb., Perm., & Triass. Rocks
under Glacial Drift in N. of I. of

Man, 647-60 w. geol. map & sects.

Dawson, G. M., obituary of. lv-lvii.

' Dead ground ' in 0. M. of Somerset,

613-16 figs.

Deckenschotter-deposits in Lirnmat,

Aare, & Rhine Valleys. 450-57 figs.

:

in Rhone Valley, 457-63 figs.

Deformation of rock-masses, lxxvii-

lxxviii.

Deli Osman River (Turkey), naphtha-
borehole near, 156-57.

Deltas, ancient, 475.

Denudation &. its effects in the Alps.

693, 701.

Desert-regions, phenomena of. lxix-

lxx.

Deserted oxbows, 486.

Beuterulichas, 81. 82.

Devil's Water (Northumberland), map
showg. glacial lakes, 600 ; sects.

along watershed bstw. East Allen

and, 604 : sect, along watershed

south k east of, 604.

Devon (& Somerset), minerals fr.

Bunter Pebble-Bed in, 20-32 w.

map & pis. xxxi-xxxii ; Devon
breccias, 190-91.

Diabases, pillowy, assoc. w. jaspers of

S.E. Anglesey, 427-30 figs. &.

pi. xvi (microsc. sect.).

Dicranogmus, 61.

Dicranojjeltis scaber, 71-72 figs.

Dicti/o)icma-Bcds, Tremadoc age of,

131, 135.

Dingle Beds, junct, w. Silur. at

Cooshaun Inlet, 230 : nr. Glanlack,

&c, 251 et seqq.

Diopside in Ceylon rocks, 402-403,
414 ; intergrowth w. scapolite, 418
fig-

Diorite of C. Anglesey & its modificats.,

663-65 : relats. of same to granite

ibid., H69-75 figs. ; do. to felsite

ibid., 678-79.

Direct overflows, 481-82.

Discussions, reports of, xii.

Dislocation-metamorphism, term dis-

used, lxxvi.

Bithyrocaris, generic position dis-

cussed, 445.

Dixox, A. C, quoted, 399.

Doggern (Switzerland), sect, to Mt.
Irschel. 456.

Doleritic rocks of Dominica, 347 ; of
St. Lucia, etc., 351.

Dolomite, intergrowths w. calcite, in

crystal!, limest. of Ceylon, 411-14
figs.

Dolomitic Conglomerate, orig. of, 193,

205.

Dombes Plateau (Lyonnais), sect, in

& across, 460, 461 ; Deckenschotter
of, 459-61.

Dominica (W.I.), geol. & phys.

developmt. of, 341, 345-40, 347-51
figs. & pi. x (geol. map).

Donald, Miss J., on Proteroz. Gas-
terop. ref. to Mnrchisonia & Pleuro-

tomaria, &c, 313-39 & pis. vii-ix.

Doon Point (Kerry), 244 et seqq., 260.

Doonycoovaun (Kerry), 243, 244.

Double (Yorks) marginal overflows,

525 ; view of, pi. xxv.

Doubting Castle (Yorks), gravel-

deposit near, 522; relief-map of

country betw. Commondale and, 520.
' Downstream dichotomy/ 551.

Drift, glacial, in Teesdale area, 575-
81 ; in Weardale area, 589-92 ; in

Tyne basin. 595-99 ; in Cleveland
area, 489-95 ; Carb., &c. underlying

the, in TS. of I. of Man, 647-61 w.
geol. map & sects ; see also Boulder-
Clay.

Dringhouses (Yorks), sect, in brick-

yard, 479.

Drom Point (Kerry), fossilif. Silur.,

&c, of, 241, 242 figs., 261.

Drom-Point Beds(=Uppr. Wenlock),

256, 257.

Drumlins in Teesdale, 575 et seqq.

Drysllwyn (Caermarthen), submerged
& glaciated rock-valley at, 35-36

1)amorttena sp. nov. (?), 735.

Dunquin (Kerry), coast- sect, to Owen,
descr. & fig , 229-35 ; inland ex-

posures near, 250-53.

Dweeryiiouse, A. R.. Glaciat. of

Teesdale, Weardale, & Tyne Valley,

&c, 572-607 figs. & pis. xxix-xxx

(maps).

Dyffryn Fault (S. Wales), 216.

Dykes in Ceylon gneisses, 681-82.

Dynamo-metamorphism, growth of

knowledge of, Ixxvi-lxxviii.

Earth-movements, effects of, on Ceylon
rocks, 401, 403,405; do. on rocks

of S.E. Anglesey, 431, 436-37, 440.

Earthquakes, at Carlisle, 371-76 w.

map ; at Inverness, &c, 377-98 w.

map & pis. xi-xii (maps).
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East Anglia, glaciation of, 182-83.

East Crossthwaite (Teesdale), Drift

near, 579.

Easter Sike (Teesdale), Drift in, 578.

Ebbw Fawr & Each Rivers (S. Wales),

course of, 208.

Eehinocaris ClarJdi, sp. nor., 443-44 &
pi. xviii.

Bandallii, sp. now, 443 & pi. xTiii.

socialis, 441-42 & pis. xvii-

xviii.

Eeliinolkhas Erwpis, 79.

Eciomaria antique/, 319.

girvanensis, 319-20, 338 & pi. vii.

, geol. range of, 318.

Egfleskope Beck (Teesdale), Drift of,

580.

Egglestone, W. M., 590.

Egton Bridge (Yorks), relief-map of

country betw. Fen Bogs and, pi. xxii.

Eisenach (Saxe -Weimar), sect, in

G-eorgentkal near, 192.

Ektiolm, K, on Meteorol. Condits. of

Pleistoe. Epoch, 37-43.

Election of Fellows, ii, iii, v, vi, vii,

lxxix, lxxx, lxxxi, Ixxxiii, lxxxiv,

lxxxv, lxxxvii ; of Auditors, vi ; of

For. Membs., v; of For. Corresp.,

lxxxi ; of Council & Officers, xxiv.

Eller Beck (Yorks), 503, 504 figs.;

ancient glacier-lake, 507, 509; views

of, pi. xx.

Ely R. (S. Wales), course of, 209.

Efymocaris siliqua, 447-48 & pi. xix.

Englefield (Berks), flint-implena t,

from, lxxxii.

Exglisii, Til, on Coal- & Petroleum-

Deposits in Europ. Turkey, 150-59

figs. & pi. iv (geol. map).

Envi lie district, Permian breccias of,

187 et seqq.

Eocene coal, &c. in European Turkey,

150-62 fig. & pi. iv (geol. map)
;

Eoc. (?) of Barbados & Trinidad,

364.

Equi's fossilis fr. Keswick, v.

Erekli (Turkey), Mioc. shelly limest.

at, 155, 161.

Erith (Kent), Lamnce-teeth from,

lxxxii.

Erratics in Cleveland area, composit.

k derivat. of, 490-92.

Eskdale (Yorks), system of glacier-

lakes, 505-13 figs. ; low-level phases

of same, 527-34 w. maps.

Estimates for 1902, xxxiv-xxxv.

Etcheminian (?) age of Malvern
Quartzite, 133-34, 148.

Euarges; 61.

Eulomia-Niobe fauna, facies of, 131.

Evan Howe (Yorks), ancient lake, 541.

Evolution of penological ideas, Ixiii-

lxxviii.

Ewe-Crag Slack (Yorks), views lookg.

up & down, 518 fig. ; ancient over-

flows proved in & near, 519-22 w.
map ; sections across, & relief-map

of, pi. xxiii.

Examil (Turkey), 152.

Extra-morainic lakes, modern ex-

amples of, 472-73 ; ancient, criteria

for recognit. of, 473-81 ; in Cleve-

land area, 498-562 figs.

Faido (Switzerland), 705 et seqq. ; view
of ' overlapping profiles ' below,

pi. xxxvii.

Falkland Is., ' stone-rivers' of, 198.

Fans formed bv mud-avalanches, 199,

200.

Farrington Series fMiddle C. M.),

611 et seqq.

Faults in epicentral district of In
verness earthquake, 378.

Fault-slips originat. earthquakes, 375-
76, 381, 392-95, 397-98.

Faulting & shearing in Red Rocks of

Peel district, 642-46 figs.

Fawler (Oxon), Lias of, 269, 270.
Fellows elected, ii, iii, v, vi, vii,

lxxix, lxxx, lxxxi, Ixxxiii, lxxxiv,

lxxxv, lxxxvii ; names read out,

lxxxvi, lxxxvii ; number of, ix, xxi

;

portraits of, lxxix.

Felsite of C. Anglesey& its niodificats.,

665-68 figs. & chem. anal. ; relats.

of same to granite ibid., 676-78 fig.
;

do. to diorite ibid., 678-79.
Felsite-breccia fr. Builth, 32-33.
Felspar, see Ortboclase, fyc.

Fen Bogs (Yorks), 503 ; view of Eller
Beck and, fr. north-west, pi. xx

;

view of Newton Dale at, pi. xxi

;

relief-map of country betw. Egton
Bridge and, pi. xxii.

Fernhill (Warwick), Lias of, 269, 270.
273.

Ferriter's Cove (Kerry), Silur., &c. of,

244, 245 fig., 246.

Ferriter's-Cove Beds (
=

' Wenlock-
Llandovery ;

), 256, 257.
' Ferrocrinoid-Beds ' (Middle Lias),

267 et seqq.

Fferam-gorniog (Anglesey), diabase
from, 437 & pi. xvi (microsc. sect.).

Filey (Yorks), Glacial geol. of country
betw. Scalby and, 552-56.

Filton(Gloucest. ), Jurassic strata betw.
Wootton Bassett and, 719-52 figs.

& lists of foss.

Financial Report, xxxiv-xl.

Fitzhead (Somerset), 620 ft s°qq.
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Flett, J. S., on Ash fallen in Bar-
bados after Eruption at St. Vincent,
368-69.

Flint -implements fr. Englefield &
Welwyn, Ixxxii.

Fluorspar fr. Bunter Pebble-bed, 621-
22.

Flysch, Alpine, breccias in. 194-97
fig.

Foilavaddia (Kerry), rkyolite, &c. of,

248, 261 ; sect, across, 249 fig.

Foilclea (Kerry), 230, 231, 262.

Foilminnaun (Kerry), 231, 261.

Foilnamahagh Inlet (Kerry), sect.

across, 246 fig. ; labradorite - por-

phyrite of, 246, 263.

Foilteela (Kerry), 244.

Foilwee (Kerry), nodular rbyolite, &c.

at, 243 fig., 259, 262.

Foliation of dark gneiss in C. Angle-

sey, 670-75 fig. ; of Ceylon rocks,

681, 682 fig.

Fore-shocks of Inverness earthquake,

378-79.

Foreign Correspondents elected, lxxxi

;

list of, xxvi ; number of, x, xxi.

Foreign Members elected, v ; list of,

xxv ; number of, x, xxi.

Forest Marble on S. Wales Direct

Line, 747-49.

Forge Valley (Yorks), orig. of, 553,

570.

Forsterite in Ceylon rocks, 414-15 w.

chem. anal.

Fort Dolore or Dunore (Kerry), 247,

248, 260.

Fox-Steangways, C, 473 et scqq., 500
ft scqq.

Fowlet Farm (Malvern Hills), 101,

107.

France (Snbalpine), Plioc. glacio -

fluviat. conglom. in, 450-70 figs.

Fresijfield, D. W., 714.

Fritsch, A., Lyell Medal awarded to,

xlviii.

Frome R., conn, of course of, w. river-

system of S. Wales, 219-20.
' Fucoid-Beds,' so-called, in Clogher-

Head district, 230, 236, 241, 242
fig., 248.

Fullers' Earth Series, &c. in Sodbury
Tunnel, 739-41.

Fumaroles, deep - seated, action of,

Ixxv.

Gabbro, mineral & chem. anal, of,

169.

Galle, sec Point de Galle.

Gallipoli (Turkey), Quatern. shell-

beds at, 160, 161.

Gangamoptcris cmgustifolia, 13-14.
Gangapitiya (Ceylon), serendibite

from, 407, 420-22 w. chem. anal.
Ganos Valley (Europ. Turkey), 158.
Gaps in the Lias, 267-78 w. stratigr.

table & lists of foss.

Gardener's Fault (S. Wales), 216.
Gardiner, Cii. I. (& S. H. Reynolds),

on Fossilif. Silur. & Assoc. Igneous
rocks of Clogher Head district, 226-
65 figs. & pi. vi (geol. map).

Garnet fr. Bunter Pebble-Bed. 622.
Garty Point (Sutherland), 299', 300.
Gartymore Burn (Sutherland), Jurass.

breccias, &c. of, 293 fig., 294-90
figs., 300, 305, 311.

Garwood, E. J. [on format, of breccias],
201 ; on Orig. of Hanging Valleys
in Alps & Himalayas, 703-16 &
pis. xxxvi-xl.

Gasteropoda, Proterozoic, ref. to

Murchisonia & Plmrotomaria, &c,
313-39 & pis. vii-ix.

Gebensdorfer Horn (Switzerland),

451, 453.

Geikie, Sir Archibald, 135.

Geneva, Lake of, floor-deposits in,

477.

Geological photographs (Brit. Assoc),
v.

Gettembe (Ceylon), clinohumite from,
418-20 w. chem. anal.

Gill, L., 642.

Girrick Moor (Yorks), ' direct over-
flows' betw. Kildale and, 519-22 w.
map.

Glaciated rock-valley at Drvsllwyn,
35-36 fig.

Glaciation & climate, 37 et scqq.
;

glaciat. of East Anglia, 182-83

;

of Cleveland area, 489-98 ; of
Teesdale, Weardale, & Tyne Valley;

&c, 572-608 figs. & pis. xxix-xxx
(maps).

Glaciers, Alpine valleys in relat. to,

690-702 & pi. xxxv (sects.); pro-
tective action of, 708 et scqq.

Glacier-lakes in Cleveland Hills, 471-
571 figs. & pis. xx-xxviii ; in Tees-
dale, 584-85 ; in Weardale, 594

;

in Tyne basin, 602-605 & pi. xxix

(map).
Glacio-fluviatile conglomerates, Plio-

cene, in Subalpine France & Switzer-

land, 450-70 figs.

Glanlack (Kerry), Dingle Beds, &c,
near, 251.

Glass in [St. Vincent] vole, ash, 368-
69, 370.

Glen Faba (I. of Man), 639, 640.

Glen-Roy lakes, 473, 474, 475.
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Globata-Beds of Sodburv Tunnel, 737,

739.

Glossopteris cempla, 7-8.

Browniana, 5-6.

linearis, 6-7.

tcenioptcroides, 8.

G-lyn Corrwg Fault (S. Wales), 215.

Gneisses, older, of Ceylon, 401 ; wol-

lastonite - scapolite gneisses ibid.,

680-89 figs. & pi. xxxiv (geol. map)

;

gneisses of C. Anglesey, 663 et seqq.

figs.

Gnoll Fault (S. Wales), 216.

Goathland (Yorks), ancient glacier-

lake 509.

Gob (I. of Man), Eed Sandst. of, 636-

37; thrusting & shearing of, 643,

645 figs.

G-old in Victoria, assoc. w. hornblendic

rocks, 340.

Goniospira, subgen. nov., 328-29.

filosa, sp. nov., 329-30 & pi. viii.

Goniostropha (?) elegans, 321-22 &
pi. vii.

GooDCiiiLD, J. G-., 33-34 ; communi-
cates Miss Donald's paper, 313.

Gortadoo (Kerry), Silur. near, 253-
55.

Gortnagan Point (Kerry), 248.

Graham, E., 402, 417, 683, 685.

Grammoceras striatulum, mutations
of, 733, 734.

Grand Savanna gravel-series of Do-
minica, 349.

Grande Soufriere of Dominica, 345
;

of St. Vincent, 346.

Granites, Cornish, mineral & chem.
anal, of, 169-70 ; Leinster do.,

mineral comp. of, 170; granite of

C. Anglesey, 668 et seqq. figs.

Granulites of Ceylon, see Charnockite
Series.

Graphite in Ceylon limest., 420; in

Ceylon gneisses, 685.

Gravel-formations of Dominica, 348-

49, 350 ; of Trinidad, 363.

Great Vein, in Upper CM. of Somer-
set, 61 1 et seqq.

Great Oolite Series east of Sodbury
Tunnel, 742-46 figs. & lists of foss.

Greenly, E., Orig. & Assoc, of Jaspers

of S.E. Anglesey, 425-37 figs. &
pis. xv-xvi (microsc. sects.).

Greenstones of Clogher Head district,

229 et seqq., 262-63. See also

Diorite, §c.

Grenadines (W. I.), sect, to Guade-
loupe, 342 fig.

;
geol. & phys. de-

velopmt. of, 343, 344 fig., 345, 346-

47, 351.

Grey Shales, see Bronsil Shales.

Q. J. G. S. No. 232.

Groom, Til, on Polyphyma Lapwortki,

gen. et sp. nov,, 83-88 fig. & pi. iii

;

on sequence of Cambrian, &c. of

Malvern Hills, 89-135 figs.
;
quoted,

663, 668.

Guadeloupe (W. I.), sect, to the

Grenadines, 342 fig.

Gwalchmai (Anglesey), plutonic rocks
of, 667, 676-78.

Gwyndy (Anglesey), 670, 673.

Habkerenthal (Switzerland), breccia

in Flysch of, 194-95.

Hackness gorge (Yorks), orig. of, 550

;

ancient Lake Hackness, 553.

Hakgala (Ceylon), crystall. limest.,

&c, 403, 405, 408 el seqq.
;

geol.

map & sects, of district south-east

of, pi. xiv.

Halleflinta, so-called, of C. Anglesey,

666.

Haltwhistle (Northumberland), Boul-
der-Clay, &c. near, 596-97.

Hancock, W. C, 402, 415, 417, 420.

Hanging valleys in Alps & Hima-
layas, 703-18 & pis. xxxvi-xl.

Haplite of C. Anglesey, 668-69 ; its

relats. to diorite ibid., 669-75 figs.
;

do. to felsite ibid., 676-78 fig.

Haredale (Yorks), views in, pi. xxv.

Harmer, F. W., 37 et seqq. ; Murchi-
son Medal awarded to, xliv.

Harwood Beck (Upper Teesdale), sect.

across valley of, 577 ; Drift of, 577,
• 578.

Harwood Dale (Yorks), Glacial geol.

of country betw. Hellwath and, 544
et seqq.

Hastings, G., 568.

Hawell, Eev. J. H., 514, 568.

Hayburn (Yorks), ancient lake, 546 et

seqq. ; sect. fr. H. Wyke Station to

Cowgate Slack, 547 fig.

Haycraft, G., 284.

Hellwath (Yorks), Glacial geol. of
country betw. Harwood Dale and,

544 et seqq. ; contoured map of

country betw. Cloughton and, pi.

xxvii.

Helmsdale (Sutherland), Jurassic

breccias north of, 301 fig., 305.

Hemiarges, 61.

Hercynian, see Charnian.
Herimitigala (Ceylon), crystall. limest,

&c. of, 407.

Hexham (Northumberland), Drift, &c.
near, 598-99.

Hey, Eev. W. C, 559.

High Holwick (Teesdale), view of
' The Castles,' 586.

3g
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Hill, Bev. E., on Matrix of Suffolk

Chalky Boulder-Clay, 179-82.

Himalayas (& .Alps), hanging valleys

in, 703-18 & pis. xxxvi-xl.

Hind, Wheelton, Lyell-Fund Award
to, xlix.

Hinde, G. J., 32, 180.

Holland, Ph., 28, 663, 665.

Holland, T11. H., Murehison-Fund
Award to. xlv.

Hollybush Sandstone, 94-98 ; list of

foss. from, 109 : correlat. w. beds

in other areas. 132-33.

Homolichas dcprcmis. 77-78 figs.

Hoplolichas trieusqndatns, 77 figs.

Hoimotoma antiqua transf. to Ecto-

Tnaria, 319.

articulata, localities for, 319.

, geol. range of, 318..

Hornblende-gneiss of C. Anglesey,

663 et seqq. ; h. -porphyrite of

Wood's Point (Victoria), 340. See

also Ainphibole.

Hornsund (Spitsbergen >, relat. action

of ice & water shown at, 715 &
pi. xl.

'Horse' (in Dean-Forest Coalfield),

617, 018.

How Hill (Teesdale). Boulder-Clay
of, 579.

Hughes, T. McK., communicates
Arber's paper, 1

;
quoted. 135.

HutCHINGS, W. M.. Barlow-Jameson-
Fuud Award to, 1.

Hyalite in Botorua pumice-breccia, 33.

Hyohthus (Orthoiheca) assv lotus, sp.

nov., 119 fig.

fistula, 111-15 fig:*.

malvernensis, sp. nov.. 114-15
figs.

primtsvus, sp. nov., 116-18 figs.

spp. a. b, c, Sc d. 116 fig.. 118

fig.

Hypersthene in [St. Vincent] vole.

ash, 368.

Ibridji (Turkey), 155, 157.

Iburndale (Yorks), ancient lake-over-

flow proved in, 535.

Ice, former levels of, in Teesdale area,

584 et seqq. : in Weardale area,

593 : in Tyne basin, 601 et seqq.
;

see also Glaciation, Glacier, $c.

Ice-action k the format, of breccias,

200 et seqq.

Ice-foot, probablv originat. Sutherland

breccia-bed?. 304-307. 309-12.

Ice-sheet, course k distrib. of, in

Cleveland area, 495-98 ; sequence

of movemts. ibid., 562-66.

Illaunaportan (Kerry), 248. 256.

Illaunfraoid (Kerry), 248.

Ilmenite fr. Bunter Pebble-Bed, 624.
In-and-out channels, 483, 530 figs.,

551.

Inferior Oolite of Sodbury Tunnel,
• 736-39.

Ingleby Greenhow (Yorks), example
of direct overflow, 514.

' Inter-waste ' in the Lias, 268. 272,
273.

Inverness earthquake of Sept. 18th,

1901 & its accessory shocks, 377-
98 w. map & pis. xi-xii (maps).

Iron in Bed Bocks of Peel district,

prob. source of, 646.

Iron-compounds, deposit, of, in sea-

water, lxviii.

Iron -ores in Ceylon rooks, 418, 685.

Irschel, Mt. (Switzerland) sects, to
Bruggersberg & Doggern, 456

;

Deckenschotter of, 453.

Irving, Rev. A., 179, 283.

Isoseismals of Carlisle earthquakes,

371, 372 map, 373, 374 ; of^Inver-

ness earthquake, 380-81.

Jack's Crag Quarry (Weardale), stri-

ated surface in, 590.

Jamesoni-lSeds (Lias), 725-27.
Jaspers of S.E. Anglesey, orig. &.

assoc. of, 425-40 figs. & pis. xv-xvi
(microsc. sects.).

Jones, T. B., 83, 85.

Jongri-Sikhim (Himalayas), hanging
valleys of, 711-12 & pi. xxxvi (sect.).

Jugger-Howe Valley (Yorks), 539

;

Brown Bigg viewed fr. west side of,

543 fig. ; sect, across Castle Beck
and, 545 fig.

Jukes-Browne, A. J., on a Deep Boring
at Lyme Begis, 279-88 fig.

Julian Park (Yorks) sect, to Two-
Howes Bigg, 512 fig.

Jurassic breccias of Sutherland, 194,

290-312 figs. ; Jurass. strata of S.

Wales Direct Line, 719-52 figs. &
lists of foss. See also Lias, <$fc.

Kandy district (Ceylon), geol. map of

part of, 404
;
geol. map of country

betw. Talatuoya and, pi. xiii ; crys-

tal!, limest,, &c. of, 407.

Karpinsky. A. P., elected For. Memb.,
v.

Keislev Limestone in Brockram of

Peel district, 640, 641 ; foss. fr.

same, 642.

Kellaways Bock, see Callovian.

Kempston Bigg (Yorks), relief-map of

country betw. Danby Beacon and,,

pi. xxiv.
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Kendall, P. F., on a System of

Glacier-Lakes in the Cleveland

Hills, 471-569 figs. & pis. xx-xxviii;

quoted, 607.

Kentallenite, mineral. &chein. anal, of,

168.

Kerry Co. (Ireland), fbssilif. Silur.,

&c, of Clogher-Head district, 226-
66 figs. & pi. vi (geol. map).

Kersantite of C. Anglesey, 665.

Keshan (Turkey), 152, 153 ; borings

for coal near, 154.

Keswick (Cumberland), Equusfossilis

from, v.

Keuper, restg. on Silur. nr. Cardiff,

217 ; K. Marls of Devon & Dorset
coast, 282-83, 286-88, 289.

Kildale (Yorks), an overfiow-valley,

514-16 ; country betw. Girrick

Moor and, 519-22 w. map.
Kimeridgian of Sutherland coast, 297.

King, Hon. Cl., obituary of, lvii.

King's Sutton, Lias of, 269, 270.

Kintrad well Beds, 308.

Kirk, J. L., 568.

Kirk Moor (Yorks), ancient lake,

541.

Knock-e-Doonev (I. of Man), boring
at, 649-51, 659.

Kxox, Lady Constance, [on Sand-
worn Pebbles fr. New Zealand],

lxxxv.

Kutorgiaa cingulata, var. Pkillipsii,

145-46 ; var. ptmlla, 146-47 figs.

Kwei-chau (China), cinnabar from,
viii.

La Foos (Switzerland), 705 ; view of
gorge, pi. xxxviii ; view of upper
waterfall, pi. xl.

Labradorite in [St. Vincent] vole.

ash, 368.

Labradorite-porphyrite of Foilnama-
hagh, 246, 263.

Lacroix, A., elected For. Memb., v.

Lacustrine floor-deposits, criteria for

recognit. of, 475-79.
Lafayette Series, beds in Windward

Is. correl. with, 350, 352, 360-61.
Lake, Ph., 89, 119 et seqq.

Lakes, glacial ; see Glacier-lakes.

Lake District, hanging valleys in,

716-17.
Lamna fr. Thanet Sands of Erith,

lxxxii.

Lamplugh, G. W., 633, 640, 643,
649.

Lapwortu, Cii., 87, 135, 646 ; elected

President, xxiv
;
[on Disasters in

W. Indies], Ixxxiii, lxxxiv.

Lausanne (Switzerland), sect, to Lyons,

showg. ' alluvion ancienne,' 464
;

Deckensch otter near, 457-59.

Lavas of Clogher-Head district, 258-
60.

Le Sepey (Switzerland), breccia in

Flysch near, 195-97 fig.

Lealholm (Yorks), contoured map of,

& sect, across, ancient moraine,

528 & 529.

Leicestershire, Permian breccias of,

188-89.

Leinster granites, mineral, anal. of,170.

Leiolichas illcenoides, 79-80 figs.

Level, changes of, in Windward Is.,

353, 364-67.

Leven Eiver (Yorks), course of, 515
et seqq^

Leventina Valley, see Ticino.

Lhen Moar 1(1. of Man), boring at,

647-48, 659.

Lhooby Eeast (I. of Man), sect, along

coast to Will's Strand, 638 fig.

Lias, overlapping Trias in S. Wales,

&c, 217-18; gaps in the, 267-
78 w. stratigr. table & lists of foss.

;

(Upper) foss. of the, 276 ;
(Middle

& Transition-Beds), do., 277
;
(Lr.)

near Lyme Eegis, 280-81, 286,

288 ; Lias on S. Wales Direct Line,

719-32 figs.

Library, lists of donors to, xv-xx;
new catalogue, x-xi.

Library & Museum Committee, re-

port of, xiii-xv.

Lichadidre, classif. of, 70-82 figs.

Lichas, generic and subgeneric divs.

of, 59-63; struct, of head-shield,

64-69.

effinis, 73 fig.

angustus, 78 fig.

cicatricosus, 73-74 fig.

dalecarlicus. 80 fig.

defiexus, 78 fig.

hibernicus, 74 fig.

verrucosus, 73 fig.

•Lignites, Pliocene, in Europ. Turkey,
157.

Lilliput cuttiug (Chipping Sodbury),
Lr. Lias of, 727 ; view of, 726 fig.

Lima-Beds (Lr. Lias), 720-21.
Limestones, crystalline, of Ceylon,

399-424 figs. & pis. xiii-xiv (geol.

maps) ; do. of C. Anglesey, 668
;

see also Carboniferous, Keisley, Sfc.

Limmat Valley (Switzerland), Deck-
enschotter-deposits in, 450 et seqq.

Lindstrcem, G., obituary of, li-lii.

Lingula pi/gmcea, 141.

(?) sp., 142 fig.

Lingulella Xicholsoni (!) 141.
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Lingulella (?) sp., 141 figs.

Linnarssonia Belti, 145 figs.

Liparges, 61.
i

Lit-par-lit ' injection, lxxv.

Llandilo disturbance (S. Wales), 211,

214, 216.

Longfell Gill (Westmoreland), lxxxi.

Lonsdale (Yorks), 515.

Lophospira, diagnosis of genus, 332
;

geol. range of, 318-19.

(?) angulocincta, 332-33 & pi. ix.

borealis, sp. nov., 333 & pi. ix.

variabilis, sp. nov., 334-35 &
pi. ix.

Lothbeg (Sutherland), 297 ; Jurass.

breccias north of, 298-99 figs., 311.

LoughorR. (S. Wales), course of, 211.

Ludlow Beds of Clogher-Head dis-

trict, 226 et seqq.

Lunedale, Drift of, 580-81.

Lunn, R., lxxx.

Lvdekker, R., Lyell Medal awarded
to, xlvi.

Lyell medallists, list of, xxxi.

Lyell Geological Fund, list of awards,

xxxii.

Lyme Regis (Dorset), deep boring at,

279-89 fig.

Lyons (France), map & sects, of
1 alluvion ancienne ' around, 460

;

sect, to Lausanne, 464 fig.

Mackie, Rev. G. E., 127, 135.

McMurtrie, J., quoted, 613.

McNeill, B., elected Auditor, vi.

Madiana Banks (W.T.), 343, 355.

Magnetite in [St. Vincent] vole, ash,

368.

Malvern Hills, Pulypjltyma Lapwurthi
from, 83-88 fig. & pi. iii ; Cambrian,
&c. oP, 89-135 figs., 148-49; Cambr.
brachiopoda from, 135-47 figs.

Malvern Quartzite, 90-94 fig. ; list of

foss. from, 109; correlat. w. beds in

other areas, 133-34.

Malvernian moAement, 225.

Man, I. of, Red Sandst. Rocks of Peel,

633-46 figs. & pi. xxxiii (geol. map)

;

Carb., Perm., & Trias in N. of, 647-
61 w. geol. map & sects.

Manganese, deposition of , lxviii-lxix.

Manx saltfield, 655-58.
Maps presented, ii, vii, lxxxiii.

Margaritatus-zone, 267, 273.

Marginal overflows, 482-83.
Marhinmore (Kerry), Dingle Beds,

&c. near, 252, 253.

Marjelen See (Switzerland), 472, 474,
476 ; map of, 485.

Marlstone, Liassic, 730-31.

Marmora, Sea of, 150 et seqq.

Marr. J. E. [on Metamorphosed Me-
talliferous Vein nr. Shap Granite],

lxxxi lxxxu

Marshall, J.W. D., 727, 739, 740.

Martin, E. A., exhibits conglom. fr.

Newlands Corner, lxxxvii.

Martinique (W. I.), vole, ash fallen on
s. s. Bodclam, lxxxvi ; collected at

St. Pierre, lxxxvii
;

geol. & phys.

developmt. of, 341-43 fig., 346, 351
& pi. x (geol. map).

Matley, C. A., onCambrian Brachiop.
fr. Malvern Hills, 135-47 figs.

Matrix of Suffolk Chalky Boulder-
Clay, 179-84.

Melaphyre, nr. Keshan, 153.

Mennell, Fr. Ph., on Wood's-Point
Dyke (Victoria), 340.

Mercian Highlands, 188, 190, 203, 204,

206.

Mesozoic orig. of materials of Suffolk

Boulder-Clay, 182.

Metalliferous vein, metamorphosed,
nr. Shap Granite, Ixxxi-lxxxii.

Metamorphic rocks, evolut. of petrolog.

ideas as to, Ixxi-lxxviii.

Metcalfe,A. T., exhib. photographs, ii.

Meteorological conditions of Pleisto-

cene Epoch, 37-45.

Metopias, 61.

Metopolichas, 62.

Micas in Ceylon rocks, 415 ; fr. Bunter
Pebble-Bed, 626.

Mica-basalt at Kurujekeui, 154.

Mica-schist & mica-gneiss of C. Angle-
sey, 667.

Micaceo-chloritic gneiss of C. Anglesey,

665.

Microcline fr. Bunter Pebble-Bed, 626.

Microperthite, see Orthoclase.

Micropcecilitic structure in Kerry
rhyolites, 258, 259.

Mictosites, lxxiv-lxxv.

Middle Vein, in Upper CM. of

Somerset, 610 fig., 612 et seqq.

Midgarty Burn (Sutherland), 299.

Midland breccias, 187-90.

Midlands, ancient Armorican ridges

in, 632.

Midsummer Hill (Malvern), section at

north-western corner, 92 fig.

Mill Cove (Kerry), 230, 231, 257 et

seqq., 262.

Milos (Turkey), striated boulders near,

157-58 fig. ; naphtha-borings near,

156-57.

Milverton (Somerset), 620 et seqq.

Minnaunmore Rock (Kerry), 238, 239
fig., 250, 259.
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Miocene sandst., &c. in Europ. Tur-
key, 152 et seqq., 155 ; Mioc. of

Barbados, 357.
* Misfit ' of stream in Beldon-Burn

valley, 603.
Moel Gilau Fault (S. Wales), 209.
Monckton, H. W., elected Auditor,

vi ; exhib. flint-iinplemt. fr. Engle-
field, lxxxii ; seconds resolut. of
sympathy w. W. Indian sufferers,

lxxxiii.

Monte-Moro Pass, 695 ; sect, to nr.

Visp, pi. xxxv.

JMontlivaltia-Bed in Sodbury Tunuel,
737-38.

Moraines, lateral, in Teesdale, 575 et

seqq.

Morgan, R, 630.

Morne Bruce (Dominica), terraces,

&c. of, 346, 348, 350-51.
Morne-Daniel gravel-series( Dominica),

348.

Morris, D. [on Fall of Vole. Ash in

Barbados], lxxxiv, 369.

Moss Dyke (Yorks), sects, thro'

feature at, 511 figs.

Moss Swang (Yorks), 508 fig., 509 et

seqq.

Mud-avalanches, 6 fans prod, by,

199-200.

Muff, H. B., 485, 540, 568.

Murchison Geological Fund, list of

awards, xxx.

Murchisox medallists, list of, xxix.

MwrcMsonia (& Pleurotomaria), Pro-
teroz. gasterop. ref. to, 313-39 &
pis. vii-ix.

(?) dudleyensis, sp. nov., 320-21
& pi. vii.

Murk-Mire Moor (Yorks), sects, across

overflow-channels on, 510 figs.

' Mushroom-folds,' iv.

Museum of Greol. Soc. (catalogue, &c),
xi, xv.

Mylonites, lxxviii.

Nalanda (Ceylon), interrupted sills of

granulite in limest. near, 409-11

.

figs-

naphtha, see Petroleum.
Navidale ( Sutherland), Jurass. breccias

&c. of, 301-303, 310.

Neath (or Nedd) Valley (S. Wales),
210.

Ness, Loch, tectonic changes in area
of, 396-98.

Nettlebridge Valley (Somerset), Lr.
CM. of, 609, 617.

New South Wales (Austral.), foss.

plants from, 1-27 fig. & pi. i.

New Zealand, sandworn pebbles from,

lxxxv ; mineral, anal, of Tonaie-

diorite from, 170.

Newbiggin (Teesdale), sect, through,

574 fig.

Newborough district (Anglesey), jas-

pers, &c. of. 425 et seqq.

Newcastle Series (N.S.W.), foss.

plants from, 5-21 ; Perm, age of, 25.

Newlands Corner (Surrey), conglom.

fr. gravel of, lxxxvii.

Newlands Dale (Yorks), see Hayburn.
Newton, E. T., 642.

Newton, E. B., 159.

Newton Dale (Yorks), an overflow-

valley, 484 et seqq., 502-505 figs.
;

view at Fen Bogs, pi. xxi.

Newton Poppleford, 623, 625.

Nilhene (Ceylon), 685.

Niobe (Ptychocheilus) ?sp., 122-24 fig.

Homfrayi (?) 124-27 fig.

Nodular rbyolites of Clogher-Head
district, 229 et seqq., 243 fig., 258-

59 ; nodular masses in crystall,

limest. of Ceylon, 402-403.
Nceggerathiopsis Goepperti, 17-20 &

pl.i.

Nordenskiceld, Baron A.E., obituary

of, lii-liii.

North Stoke (Somerset), sect, descr.,

736.

Northamptonshire, diagr. of gaps in

Lias of, 274.

Norton (G-loucest), Forest Marble
south of, 749.

Nottinghamshire, Permian breccia of,

187.

Nummulitic Limestones in Europ.
Turkey, 151-52, 155.

Nuttainia, 62.

Obolella (?) Groomii, sp. nov., 137-39
figs.

(?) Salteri, 138 figs., 139-40.

Obsidian, rhyolitic, fr. Medicine Lake,
chem. anal, of, 666.

Ocean-basins, deposition of sediments
in, lxvi-lxix.

Oceanic Series of Barbados, 356-57.

Ogmore E, (S. Wales), 209.

Old-Eed-Sandstone beds of Clogher-

Head district, 235 et seqq., 241 ; O.
B. S.. inlier of, nr s Port Grower,

291-97 figs.; boss of, nr. Allt-a-

ghruan, 303 fig.

Oligocene of Barbados, 357-60.
Olivine (forsterite) in Ceylon rocks,

414-15 w. chem. anal.

Olivine-basalt in Europ. Turkey,
153.

Oncholichas ornatus, 76 figs.



7(36 GENERAL INDEX. [Nov. 1902.

Oolite (Upper), of Sutherland, breccias

in, 194, 290-312 figs. ; see also In-

ferior Oolite, Great Oolite, tyc.

Oolite-escarpment, in conn. w. water-

shed, 223, 224, 225.

Opalinid-Bed in Sodburv Tunnel,
734-35.

Ordnance maps of Yorks, &c, 484.

Ordovician age of Tremadoc Series,

131, 148-49.

Orido, explanat. of term, 713.

Orthoclase fr. Bunter Pebble-Bed, 626

;

in Ceylon rocks, 420, 681, 683;
graphic intergrowth w. scapolite,

083-84 fig.

Orthogneisses of Ceylon, 401.

Ostrea liassica, mutations of, 720.

Ostrea-Beds (Lr. Lias), 719-20, 727,
728.

Oullins (Lyonnais), sect, to Sathonay,
462 fig.

Orerdeepening of valleys, see Hanging
valleys.

Overflow -channels of glacier - lakes,

features of, 480-81, 483 et seqq.

Overflows, direct, 481-82 ; marginal,
482-83.

Overlaps in conn. w. river-systems,

217-19.

Overthrusts & other disturbances in

Braysdown Colliery, &c, 609-19
figs. ; overthrust-fault north of

Whitestrand (I. of Man), 644 fig.

Owen (Kerry), coast-sect. to Dunquin,
descr. & fig., 229-35 ; coast-sect, to

Coosmore, do., 235-40.

Oxbows, deserted, 486, 542-43.

Oxdale Slack (Yorks), 547 et seqq.

Oxford Clay, Upper, nr. Somerford,

&c, 750.

Oxfordian of Sutherland coast, 308-
309.

Oxfordshire, Lias of, 267 et seqq. :

diagr. of gaps in do., 274.

O.tt/nutns-Beds (Lias), 725.

Palaeoliths fr. Englefield & Welwyn,
lxxxii.

Pa&soschisma, subgen. nov., 335-36.

girvanense, sp. nov., 336-37 &
pi. ix.

Palagonite-basalt & palagonite-tufF in

Europ. Turkey, 153, 155.

Paradoxidiau age of Hollybush Sand-
stone, &c, 132.

' Parallel or successive sequence,' 483.

Pass, A. C, lxxx, 279, 288.
Pattison, S. R, obituary of, lxii.

Peak (Yorks), Glacial geol. of country
betw. Cloughton and, 544 et seqq.

Pccopteris tenuifolia, 3.

Pecten cingulatus (?J, 720.

aflf. textorius, 724.

var. spp. (Liassic), common
characters of, 721.

Peel (I. of Man), Bed Sandst. Rocks
of, 633-46 figs. & pi. xxxiii (geol.

map).
Pele, Mt. (Martinique), 346.
Pentraeth district (Anglesey), jaspers,

&c. of, 425 et seqq.

Pen-yr-argae (Anglesey), relats. betw.
felsite & granite of, 676-77 fig., 678.

Pen-y-Castell Fault (S. Wales), 215.
Pennsylvania (U.S.A.), Phyllocarida

fr. Chem ung & Waverly Groups
of, 441-49 & pis. xvii-xix.

Perisphiiwtes gracilis, 741.

Permian breccias of Notts, &c\. 187-
90 ; of Devon, 190-91 ; of the
Thuringerwald, 191-92 fig. ; Perm.
age of Bed Sandst. Bocks in Peel
district, 040-42

;
Perm. (& other)

rocks in N. of I. of Man. 647-61 w.
geol. maps & sects.

Pernio - Carboniferous, so - called, of

N.S.W., 24, 27.

Persia, breccias in, 199-200.
Petroleum and coal-deposits in Europ.

Turkey, 150-62 fig. & pi. iv (geol.

map.
Petrologiual ideas, evolut. of, lxiii-

lxxviii.

Photographs, geological (Brit. Assoc),

v.

Phyllites, jaspery, of S.E. Anglesey,

427 & pi. xv (microsc. sect.).

Phyllocarida fr. Chemung & Waverly
groups of Pennsylvania, 441-49 &
pis. xvii-xix.

Phgllotkeca australis, 4, 14-17.

deliquesccns, 17, 22 & pi. i.

Pickering, Vale of (Yorks), ancient

glacier-lake in, 499-502, 504-505 w.

map ; eastern end of, 556-62 w. map.
Pidgeon bequest, xii.

Pillowv structure in Anglesey diabases,

427-30 figs.

Pinhay Bay (Dorset), 280, 281.

Pinite fr. Bunter Pebble-Bed, 627.

Pitons of St. Lucia, 346.

Pittiwela (Ceylon), 687.

Piumogna (Switzerland), hanging
valley of, 706, 707.

Plagioclase in Ceylon gneisses, 685.

Pianorbis-Beds (Lr. Lias), 728.

Plant-remains in Sutherland breccia-

beds, 307-308; fr. N.S.W., 1-27
fig. & pi. i.

Plas-einion (Anglesey), 677.

Plastic deformation of rocks, lxxvii-

lxxviii.
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Plateau-gravel of Englefield, flint-

implemt. from, Ixxxii.

Platopolichas, 62.

Platyliekas margaritifer, 72-73 figs.

PIatymetopus hevis, 80 fig.

Platynotus, 62.

Platypeltis sp. cf. Croftii, 122 fig.

Plauen (Saxony), mineral. & chem.
anal, of syenite from, 175-76.

Player, J. H., 440.

Pleistocene Epoch, meteorol. condits.

of, 37-45 ; Pleistoc. (?) stony clay in

Europ. Turkey, 152 et seqq., 157-58
;

coral-marls & gravels of Dominica.

348-50 ; Pleistoc. of Barbados, 361-

63 ; of Trinidad, 363 ; Pleistoc.

lakes, criteria for recognit: of, 473-

81.

Pleurotomaria (& Murchisonia), Pro-
teroz. gasterop. ref. to, 313-39 &
pis. vii-ix.

Pliocene petroleum-bearing sands &
clays in Europ. Turkey, 156 et

seqq. ; Plioc. of Dominica, 349-50
;

of Barbados, 360-61
;
glacio-fluviat.

conglom. in Subalpine France &
Switzerland, 450-70 figs.

Plusiarges, 62.

Plutonic complex of Central Anglesey,

662-79 w. map & figs.

Pneumatolytic action, Jxxv.

Point-de-Galle Group (Ceylon), 680-

89 figs. & pi. xxxiv (map).

Point of Ayre (I. of Man), borings

at, 652-55, 659.

Pollard, W., [chem. anal, of Skye
Gabbro], 169

;
[chem. anal, of vole.

ash fallen in Barbados], 369.

Polyphyma Lapworthi, gen. et sp. nov.,

83-88 fig. & pi. iii.

Port Gower (Sutherland), inlier of

Caithness Flags near, 291-97 figs.

Porth Nobla (Anglesey"), halleflinta,

&c. of, 666, 667, 0*6.

'

Porth Trecastell (Anglesey), mica-

gneiss, &c. of, 667, 668.

Portlandian (?) of Navidale, &c, 300,

302, 310.

Portraits of eminent geologists, xiv.

Post-Carboniferous Armorican move-
ments, 213,221.

Post-Cretaceous Charnian movemt.,

213,221.
Post-Oligocene movemts. determg.

river-svstems of S. Wales, &c,
221.

Postlethwaite, J. [on Equus fossilis

fr. Keswick], v.

Poulnakeragh (Kerrv). rhvolite &
fossilif . Silurian of, 243, 244, 259,

261.

Pre-Glacial level of Yorkshire, 487-
89.

Pre - Pliocene movemts. determg.
river-systems of S. Wales, &c, 221.

Pre - Triassic Armorican movemt.,
213 ; do. Charnian, 221.

Preller, C. S. Du Riciie, on Plioc.

Glacio-Fluviat. Conglom. in Sub-
alpine France & Switzerland, 450-
67 figs., 469-70. (See aim Errata.)

Prior, G. T., 402, 415, 422.

Protective action of snow & ice, 699,

708 et seqq.

Proterozoic gasteropoda referred to

Murchisonia & Pleurotomaria, 313-
39 & pis. vii-ix.

Protolichas, 81, 82.

Pseudodiaclema (?) fr. Lr. Lias, 729.

Pterolichas, 62.

Pumice in silic. sinter fr. Builth &
Rotorua, 29 et seqq. figs. & pi. ii

(microsc. sects.).

Pumice-breccia fr. Rotorua, 33.

Pyroxene-granulites of Ceylon, see

Charnockite Series.

Quartz fr. Bunter Pebble-Bed, 625

;

in Ceylon gneisses, 685.

Quartz-felsite of Central Anglesey,

668-69, 676.

Quartz-porphyry of Coosgorrib, 263.

Quartz-schists of C. Anglesey, 667.

Quaternary shell-beds at Gallipoli,

160, 161.

Questions to Secretaries, xi.

Radial groupg. of felspars in Anglesey
diabase, 427, 432 & pi. xvi (microsc.

sect.).

Radiolarian cherts of Anglesey, see

Jaspers.

Radstock Series (Upper CM.), over-

lap-fault & dead ground in, 611
et seqq. figs.

Ragged Point (Barbados), sect. near.

358; R. P. Series, 360-61.

Raggedstone Hill (Malvern), 92 et

seqq. ; Hyolithidas from, 113 etseqq.

Raindale Mill (Yorks), 484, 502.

Raised beaches (Sea of Marmora),
158-59, 160 et seqq.

Raised Coral-Reefs of Barbados, 356.
357-60 figs., 365 et seqq.

Raisin, Miss C. A., 197.

Rakwane (Ceylon), limest. & granulite

at, 406-407.

Randall, F. A., 443.

Randay-Mere valley (Y'orks), 509 et

seqq. ; viewed fr. south, 508 fig.
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Bed Sandstone-Rocks of Peel (I. of

Man), 633-46 figs. & pi. xxxiii

(geol. map).
Redcliff Cove (Kerry), vole, ash &

calcareous flags, &c. at, 232 figs.,

233, 261, 262.

Reed, F. R. C, 642; on Genus
Lichas, 59-82 figs.

;
[on foss. fr.

Clogher-Head district]. 235, 257-
58.

Renevier, E., 196.

Reynolds, S. H. (& C. I. Gardiner),
on Fossilif. Silur. & Assoc. Igneous
Rocks of Clogher-Head District,

226-65 figs. & pi. vi (geol. map)

:

(& A. Vaughan), on Jurass. Strata

cut thro' by S. Wales Direet Line
betw. Filton & Wootton Bassett,

719-52 figs. & lists of foss.

Rhaetic of Dorset coast, 281-82, 286,

288, 289.

Rhine Valley (Switzerland, &c),
Deckenschotter deposits in, 453 et

seqq. ; sect, across, south-west of

Waldshut, 453 fig.

Rhiuocaridse, genera included in, 444-

45.

Rhondda Fawr & Fach Rivers (S.

Wales), 209.

Rhone Valley (Switzerland, &c),
Deckenschotter deposits in, 457-63
figs.

Rhydding Fault (S. Wales), 216.

Rlmnney R. (S. Wales), course of,

208.

Tthynchonella ccUcicosta, 729.

cynoprosopa, 735.

sp. (Fullers' Earth), 741.

Rhyolites, brecciated, in Europ.

Turkey, 152, 153, 155; rlryol. of

Cloyher-Head District. 229 et seqq.,

250, 260 : banded, ibid., 259
;

nodular, ibid., 258-59 ; rhyol. fr.

Euganean Hills, chein. anal, of,

666.

Rhyolitic obsidian fr. Medicine Lake,

chem. anal, of, 666.

RlDGWAY, J. A., 527-

Ripples & waves in sand, &c, ii.

River-system of S. Wales, origin of, &
conn. w. that of Severn & Thames,
207-25 & pi. v (map).

Robin Hood's Bay (Yorks), Glacial

geology of area, 537-44 ; relief-map
of area, pi. xxvi.

Rocks, process for mineral, anal, of,

163-78 fig.

Rock-salt proved in borings in N. of

I. of Man, 653 et seqq.

fioddam, s.s., vole, ash fallen on deck
of, lxxxvi.

Rolle (Switzerland), Deckenschotter
near, 459.

Roseau Tuffs of Dominica, 348.
Rotiiwell, R. P., obituary of, lvii-

lviii.

Rotorua (N.Z.). sinter comp. w, that
of Builth, 28 et seqq. fig. & pi. ii

(microsc. sect.).

Rutile fr. Bunter Pebble-Bed, 622-23
& pi. xxxi ; in Ceylon rocks, 422.

Rutland, diagr. of gaps in Lias of, 274.
Rutley, F., on altered Silic. Sinter fr.

Builth, 28-34 figs. & pi. ii (microsc.

sects.)
;

presents specims. of same,
lxxxiv.

Saasthal (Switzerland), 691 et seqq.
;

sect, across, pi. xxxv ; smaragdite-
euphotide from, iii-iv.

Sagenite fr. Bunter Pebble-Bed, 624.
St. Elias, Mt. (Europ. Turkey), 151,

152, 155, 156.

St. Lucia (W.I.); geol. & phys.
developmt. of, 343: 346, 351 & pi. x
(geol. map).

St. Vincent (W.I.), geol. & phys.
developmt, of, 343, 346, 351 & pi. x
(geol. map) ; vole, ash from, fallen

in Barbados, 368-70 w. chem. anal.

Saliferous Marls, see Triassic.

Salter, A. E., exhib. pala?olith fr.

Welwyn, Ixxxii.

Saltfield in I. of Man, 655-58.
Sand, &c, waves & ripples in, ii.

Sandworn pebbles fr. Waitotara-River
district, lxxxv.

Sathonav (Lvonnais). sect, to Oullins,

462 fig.

Scalby (Yorks), Glacial geol. of country
betw. Burniston and, 551-52 ; do.

of country betw. Filey and, 552-56.

Scapolite in Ceylon rocks, 417-18,

683 ; intergrowth w. diopside, 418

%'
.

Scapolite- wollastonite gneisses of

Ceylon, 680-89 figs. & pi. xxxiv

(geol. map).
Scarborough (Yorks), borings at gas-

works, 554 fig. ; Glacial geol. of

area, 553 et seqq.

Scarth Nick (Cleveland), an overflow-

valley, 514.

Schardt, C, 196.

Schists, crystalline, see Crystalline.

Schmidt. Fr., Woliaston Medal
awarded to, xli.

Scotland Series of Barbados. 356-57.
Scrivenor, J. B., 623.

Scugdale (Yorks), Drift, &c. in, 513. *

Sea-outlet of glacier-lakes in Cleveland

area, 566-68.
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Seamer (Yorks), Glacial geol. of neigh-

bourhood, 557 et seqq. ; relief-map

of country betw. Wykeham and, 558.

Secondary, see Mesozoic.

Sedimentary rocks, evolut of petrolog.

ideas as to. lxiii-lxxi.

Seelky, H. G. [on Equus fossilis fr.

Keswick], v; exhib. Lamna-teeth.

fr. Thanet Sands, lxxxii ; receives

Wollaston Medal for Fr. Schmidt &
Lyell Medal for A. Fritsch, xlii, xlix.

Segregation-veins in Cevlon gneisses,

681-82.

Separation of minerals, 172-76

;

separatg. apparatus exhib., lxxxviii.

' Sequence, aligned & parallel,'

respectively defined, 482-83.

Serendibite in Ceylon rocks, 420-22
w. chem. anal.

Serpentine in Ceylon rocks, chem.
anal, of, 415 ; in Pentraeth district

(Anglesey), 427.

Serpentinus-zone, 269, 270.

§ettrington (Yorks), deserted valley

near, 501.
' Severed spurs,' definition of, 482.

Severn E., conn, of course of, w. river-

system of S. Wales, 219-20.

Seward, A. C, 25.

Sewerbv (Yorks), ancient sea-beach at,

. 488-89.

Shap Granite, metamorphosed metal-

lif. vein near, lxxxi-lxxxii ; Sh. Gr.

erratics in Yorks, 496-97.

Sheaf-like struct. ( felspars) in Anglesey

diabase, 427, 432 & pi. xvi.

Shearing (& faulting) in Perm, of Peel

district, 642-46 figs. ; shearing of

Anglesey diorite, 671-72.

Shells in Drift of Cleveland area, 494-
95.

Sherborn, C. D., cataloguing -work
done by, x-xi.

Shimmer-aggregates fr. Bunter Pebble-

Bed, 627.

Siiipman, J., obituary of, lviii-lx.

Shrubsole, 0. A. [on Palaeolith fr.

Englefield], lxxxii.

Sihl Valley (Switzerland), age of

deflection of, 468, 469.

Siliceous sinter, altered, fr. Builth,

28-34 figs. & pi. ii (microsc. sects.)

;

specims. of same presented, lxxxiv.

Siilimanite-inclusions in quartz, 625.

Silurian of Clogher-Head district,

226-66 figs. & pi. vi (geol. map)

;

of Victoria, dykes intrusive in, 340.

Simpson, Ch. T., 349.

Sinter, altered siliceous, fr. Builtb,

28-34 figs. & pi. ii (microsc. sects.);

specims. of same presented, lxxxiv.

Q.J.G.S. No. 232.

Sinus in outer lip of Proteroz. gastero-

poda, 313 et seqq.

Sirhowy E. (S. Wales), course of, 208.
Skiddaw Slates in Teesdale, 574-75.
Skye, mineral & chem. anal, of gabbro

from, 169.

Slapewath (Yorks), map showg.
derivat. of stream at, 526.

Sleddale Beck (Yorks), 515, 516.
Slit in outer lip of Proteroz. gastero-

poda, 313 et seqq.

Slyving Vein, in CM. of Somerset,
616.

Smaragdite-euphotide fr. Saasthal,

iii-iv.

Smerwick Beds (= Llandovery pars),

247, 249, 256, 263.

Smerwick Harbour (Kerry), geol. of

west side of, 247-49 figs.

Smith, G. F. Herbert, 402, 419, 420.
Smith Sound (Greenland), ice-foot

rocks of, comp. w. Sutherland
breccia-beds, 304-306.

Smitiie, Eev. Fr., obituary of, lx.

Sneaton Moor (Yorks), Glacial geol.

of, 535 et seqq.

Snow, protective action of, 699.
' Snow-mushrooms,' iv.

Sodbury Tunnel (Gloucest.), Lias west
of, 719-29 fig. ; Lias & Oolites in,

729-41 ; Gr. Oolite Series east of,

742-46 figs.

Sollas, W. J., 135 ; exhib. mechanic,
separatg. apparatus, lxxxviii ; on
Process for Mineral. Anal, of Eocks,
163-76 fig.

Somerford (Wilts), Callovian &
Oxfordian near, 750.

Somerset, Lias of, 272 ; diagr. of gaps
in do., 274; overthrust-faults, &c.

in coalfield, 609 et seqq. ; Som. &
Devon, minerals fr. Bunter Pebble-
Bed in, 620-32 w. map & pis. xxxi-
xxxii.

Sound-phenomena of Carlisle earth-

quakes, 373-74, 375 ; of Inverness
earthquake & after-shocks, 382-83,
391.

South-Tyne Glacier, sect, parallel to

southern edge of, 604 fig.

South -Wales Direct Line, Jurass.

strata of, 719-52 figs. & lists of
foss. ; see also Wales (S.).

Spencer, J. W. W., on Geol. & Phys.
Developmt. of Dominica, &c, 341-
53 figs. & pi. x (geol. map) ; on
Geol. & Phys. Developmt. of Bar-
bados, &c, 354-65 figs.

Spencer, L. J., Wollaston - Fund
Award to, xliii.

Sphcerophthalmus flagellifer, 103.

3h
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Sphene in Ceylon roeks, 420, 685 ; fr.

Bunter Pebble-Bed, 626.

Sphenopteris alata, 9-11."

flexuosa, 11-12.

germana, 11.

hastata, 12-13.

lobifolia, 13.

plumosa, 11.

polymorpha, 12 & pi. i.

Spkerulitic structures in Anglesey

jaspers, 426-27 & pi. xv (microsc.

sect.).

Spinati(s-zone, 267 et seqq.

Spinel in Ceylon rocks, 415-16.

Spiriferina - oxygona zone (Middle

Lias), 267 et seqq.

Spitsbergen, format, of breccias in, 201.

Spring-Head Hole (Yorks), 525.

Spurs, severed, 482.

Stack (I. of Man), sect, to Ballaquane,

634 fig.

Stack Series in I. of Man, 637 et seqq.

Staintondale (Yorks), ancient lake,

546 et seqq.

Stanghow (Yorks), map of country

round, 524.

Statiier, A., 568.

Statiier, J. W., 557, 565, 568.

Staurolite fr. Bunter Pebble-Bed, 625-

26 & pi. xxxii.

Steart, Fit. A., Overthrusts & other

Disturb, in Braysdown Colliery, &
Bearing of Phenoni. upon Effects of

Overthrust-Faults in Somerset Coal-

field, 609-17 figs., 619.

Stebbing, W. P. D., xv.

Stocks, H. B., on Concretions in Lr.

Coal-Measures, 46-58 figs. & cbem.
anal.

Stoke Gifford (Gloucest.), Lr. Lias of,

727-29.
' Stone-rivers ' of Falkland Is., 198.

Stonedale (Yorks), 549.

Stonegate (Yorks), ' direct overflow
'

& related phenomena, 522-27 w.
maps.

Straiian, A., on Orig. of River-System
of S. Wales, & its Conn. w. that of

Severn & Thames, 207-22 & pi. v

(map).
Strise, glacial, in Cleveland area, 494

;

in Teesdale, 581-82
; in Weardale,

593 , in Tyne Valley, &c, 599-601.

Striated boulders nr. Milos, 157-58
fig. ; do. in Perm, breccias of Lei-

cestershire, 189.

Subalpine France (& Switzerland),

Plioc. glacio-fluviat. conglom. in,

450-70 figs.

Submarine valleys, orig. of, discussed,

365-67.

Suffolk, matrix of Chalky Boulder-
Clay of, 179-84.

Sulphur - compounds in sea - water,

lxvii-lxviii.

Sun-Bed, see White Lias.

Sunny-Brake Slack (Yorks), map &
sect, of ' in-and-out,' 530.

Sutherland, Jurass. breccias of, 194,

290-312 figs.

Switzerland, Plioc. glacio-fluviat. con-

glom. in, 450-70 figs. See also

Alps, Alpine.

Sybil Head (Kerry), 249.

Syenite of Plauen, mineral & cheui.

anak of, 175-76.

Symes Valley (Yorks), orig. & features

of, 550-51.

Sympathetic earthquakes (in conn. w.

Inverness earthquake), 395-96.

Taf R. (S. Wales), course of, 212.

Taff Fawr & Fach Eivers (S. Wales),

course of, 208-209.
Tai-new^dd (Anglesey), 670.

Tair-Carn disturbance (S. Wales),

214, 222.

Talatuoya (Ceylon), sect, to the Maha-
weli Ganga, 406 ;

geol. map of

country betw. Kandy and, pi. xiii

;

crystal! limest, &c. in district, 403,

407, 408.

Tan y Graig (Anglesey), variolitefrom,

429-30 & pi. xv i (microsc, sect.).

Tate, R., obituary of, lxi-lxii.

Tawe R. (S. Wales), 211.

Teall, J. J. H., addresses to medallists

& recipients of funds, xli et seqq.
;

obituaries of deceased Fellows, &c,
li-lxii ; on Evolut. of Petrological

Ideas, pt. 2, lxiii-lxxviii
;
quoted,

432.

Teeravane (Kerry), Silur, of, 253.

Teesdale, glaciat. of, 573-89 figs. &
pis. xxix-xxx (maps).

Terataspis grandis, 80.

Terraces, ancient, in Dominica, 350-
51 ; in Trinidad, 363.

Thames R., conn, of course of, w.

river-system of S. Wales, 219-20.

Thanet Sand, Lamna - teeth fr. base

of, lxxxii.

Thermodynamic metamorphism, use
of term proposed, lxxvii.

Thinnfeldia odontopteroides, 2-3.

Thomas, A , 618.

Thomas, H. H., Mineralog. Constitut.

of Finer Material of Bunter Pebble-

Bed in W. of England, 620-31 w.

map & pis. xxxi-xxxii, 632.

Thoroddsen, Til, elected For.

Corresp., lxxxi.
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Thiiringerwald (Germany), breccias

of, lyl-92 fig.

Ticino Valley (Switzerland), hanging
valleys of, 704-10 & pis. xxxvi-xl.

Time-relations of sound & shock in

Inverness earthquake, 383-84.

Tir Canol Fault (S. Wales), 211.

Tobago (W.I.), 355.

Todd, J., 647.

Tomaculum problematicum, gen. et sp.

nov., 126 figs. 127-28.

Tonale-diorite f'r. New Zealand, min-
eral, anal, of, 170 ; fr. Adamello,
mineral. & chem. anal, of, 175.

Top Little Vein, in Upper CM. of

Somerset, 612 et segq.

Torus-Beds (Lr. Lias), 719-20, 728.

Tourmaline fr. Bunter Pebble-Bed,

624 & pis. xxxi-xxxii ; inclusion in

quartz, 625 ; do. in mica, 626 ; in

Ceylon rocks, 4"i0.

Towy R. (S. Wales), course of, 211.

Towy Valley, sect, at Drysllwyn, 35-
36 fig.

Trabaneclogher (Kerry), 240, 241, 255.

Trachylichas, 62.

Traie Fogog (I. of Man), Red Sandst.
'

of, 636-37.

Tranmire Slack (Yorks), 523, 525 ;'

borings in & near, 527.

Transition -Bed (Middle Lias), 267 et

s°qq., 270, 271 ; foss. of, 277.

Treferwydd (Anglesey), 670.

Tremadoc Series, Ordovic. age of, 131.

Trevor-Owen, J., 428.

Triassic (& other) rocks in N. of I. of

Man, 647-61 w. geol. map & sects.

;

see also Bunter.

Trigonia-Gvit in Sodbury Tunnel,

737, 738.

Trinidad (W.I.'), geol. & pays.

developmt. of, 355, 363-67 & pi. x

(geol. map).

Trochurus, 63.

Trbpidocaris, generic diagnosis of,

444-45.
alternata, 447 & pi. xix.

bicarinata, 445-47 & pi. xix.

Trust Funds, statement of, xxxviii-

xxxix.

Tuffs, in Dominica, 348: in Marti-

nique, &c, 351.

Turkey-in-Europe, coal & petroleum-

deposits in, 150-62 fig. & pi. iv

(geol. map).
Twrwcn-Shales (Lias), 723-24.

Turritoma (?) pinguis, sp. nov., 331 &
pi. ix.

(?) polita, sp. nov., 330-31 & pi.

viii.

, diagnosis of genus, 330.

Turton, R. B., 517.

Two-Howes Bigg (Yorks), sect, to

Julian Park, 512 fig.

Ty-croes (Anglesey), quartz-schists,

&c. of, 667.

TyneValley(Northumberland),glaciat.

of, 594-606 figs. & pis. xxix-xxx

(maps).

Uetliberg (Switzerland), DeckeiiBchot-

ter of, 468, 469.

CJifculm (Devon), 621 et seqq.

Unconformity, contrasted types of,

lxxi.

Under Little Vein (Braysdown Col-

liery), sect, of thick coal & dead
ground in, 614 fig.

Uplyme (Dorset), 280, 284.

Uralichas Ribeiroi, lb fig.

Usk B., course of, 208.

Val Bregaglia, &c, see Bregaglia, §~c.

Val des Ormonts (Switzerland),breccias

of, 195-97 fig., 202.

Vale-of-Neath disturbance, 210, 214 et

seqq.

Valle Leventina, see Ticino.

Valleys, submerged & glaciated, in

Caermarthensbire, 35-36 ; valleys in

S. Wales, their relat. to geol. struct.,

208-12; submarine, orig. of, dis-

cussed, 365-67 ; Alpine, in relat. to

glaciers, 690-702 & pi. xxxv (sects.)

;

' hanging valleys ' in Alps &
Himalayas, 703-18 & pis. xxxvi-xl.

Variolite in pillowy diabase nr. Pen-
traeth, 429-30 & pi. xvi (inicrosc.

sect.).

Vaughan, A. (& S. H. Reynolds), on
Jurass. strata cut thro' by S. Wales
Direct Line, betw. Filton &Wootton
Bassett, 719-52 figs. & lists of foss.

Vaughan, T. W. 349, 361.

Veining of diorite by granite, 672-75
%•

Vernitza (Turkey), 151, 152.

Vertebraria australis, 8-9.

Vicarstown (Kerry), Silur., &c, near,

251.

Victoria (Austral.), Wood's -Point
dyke, 340.

Vispthal (Switzerland), 691 ct seqq,

Vivian (Messrs.), 281.

Volcanic ash fallen in Barbados, Ixxxiv,

Ixxxvi, 368-70 w. chem. anal. ; do.
fallen on s.s. Eoddam, Ixxxvi ; vole.

formats, of Dominica, 347-48.

Waitotara-River district (N.Z.), sand-
worn pebbles from, lxxxv.

Waldheimia-Lycetti hemera, 273.
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Waldheimia (Ornithella) omithoce-

pkala, 741.

Waldsimt (Baden), sect, across Rhine
Valley near, 453 fig.

Wales ($.), river-systern of, & its conn.

w. that of Severn & Thames, 207-
25 & pi. v (map).

Walford, E. A., on Gaps in the Lias,

267-77, w. stratigr. table & lists

of foss. {See also Errata.)

Warren (Pennsylvania), Pbyllocarida

from, 441-49 & pis. xvii-xix.

Warwickshire (S.E.), diagr. of gaps in

Lias of, 274.

Wash - outs, supposed, see Dead
ground.

Watts,W.W.. comm unicates Ekl lolm's

& Stocks's papers, 37, 46 ;
[on Brit.

Assoc, geol. photographs], v.

Waves & ripples in sand, &c, ii.

Waverly Group (Lr. Carb.) of Penn-
sylvania, revision of Pbyllocarida

from, 441-49 & pis. xvii-xix.

Weardale (Durham), glaciat. of, 589-

94 & pis. xxix-xxx (maps).

Wcel (Teesdale), sect, across the, 573

fig-

Welwyn (Herts), palaeolith from, lxxxii.

Wen lock Beds, fbssilif., of Clogher-

Head District, 226 et seqq. ; Wen-
lock-Llandovery Bed* ihid., 255 et

seqq., 263.

Wernerite in Ceylon gneisses, 683.

West Bank (Yorks), post - Glacial

history of drainage of, 516-17.

West Crossthwaite (Teesdale), sect.

near, 588.

Whatman, A. D., presents vole, ash

t'r. Martinique, lxxxvii.
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[No. 232 will be published next November. The List of Geological

Literature added to the Society's Library during 1901 will be issued

separately to the Fellows at an early date.]

[The Editor of the Quarterly Journal is directed to make it known to the Public that the

Authors alone are responsible for the facts and opinions contained in their respective

Papers.]

*^* The Council request that all communications intended for publication by the

Society shall be clearly and legibly written on one side of the paper only, with
proper references, and in all respects in fit condition for being
at once placed in the Printer's hands. Unless this is done, it will be in

the discretion of the Officers to return the communication to the Author for revision.

The Library and Museum at the Apartments of the Society are open every Weekday
from Ten o'clock until Five, except during the fortnight commencing
on the first Monday in September, when the Library is closed for

the purpose of cleaning ; the Library is also closed on Saturdays
at One p.m. during the months of August and September. It is

open until Eight p.m. on the Days of Meeting for the loan of books, and from

Eight p.m. until the close of each Meeting for conversational purposes only.
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Papers.]
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