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Beer-Crowcombe.
Ulampu, Bolivia..
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Natica minima ? PL vii. f. 7,8
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Rissoa Leighi. PL vii. f. 1-6...,
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Waltonii. PL xvi. f. 23
Turbo helicinus ,

Turritella Altenburgensis. Pl.vii.f.9,10

South Yorkshire... 303
South Yorkshire... 304
Beer-Crowcombe.. 500

Rh setic . .

.

Beer-Crowcombe.. 500
South Yorkshire... 306
Beer-Crowcombe.. 504
Beer-Crowcombe.. 500
South Yorkshire... 306
Beer-Crowcombe.. 505

Beer-Crowcombe.. 506
South Yorkshire... 304
Beer-Crowcombe.. 507
South Yorkshire... 304
Vallis 501
Beer-Crowcombe

;

501
Vallis.

Stoke-St.-Mary; 501
Vallis.

'500

504
Beer-Crowcombe - 503

506

1,506

f508
508

Beer-Crowcombe
508

) 508

]
509

^ 510
South Yorkshire... 301
South Yorkshire... 302

511
Beer-Crowcombe 509
Beer-Crowcombe 509
Beer-Crowcombe 509
Beer-Crowcombe 509
South Yorkshire... 302
South Yorkshire... 300
Beer-Crowcombe 512

Upper Silurian Millepaya, Bolivia 70
South Yorkshire... 298
Beer-Crowcombe 511
South Yorkshire... 302
Beer-Crowcombe 510
Beer-Crowcombe 510
South Yorkshire... 297
South Yorkshire. .

.

300

Be'lerophon, sp.

(
Nucleobranchiatum.)

|
Upper Silurian

|

lllampu, Bolivia ... I 70
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Nautilus Freieslebeni

(
Cephalopodon.)

I Permian . South Yorkshire...! 297

ClRRIFEDE.

Pollicipes Rheeticus. PI. xvi. f. 30 ...| Rhaetic Vallis, Frome ...... | 512

Crustacea. (25.)

Anthrapalcemon Grossarti. Woodcuts,
f. 1-4.

(Palaeocarabus) dubius. Wood-
cuts, f. 6, 7.

, sp. Woodcut, f. 5

Astacoderma bicuspidatum. PI. xvii.
N

f. 2, 3, 4, 7.

declinatum. PI. xvii. f. 9

planum. PI. xvii. f. 18-20 ..

remiforme. PI. xvii. f. 17

scrratum. PI. xvii. f. 15

spinosum. PI. xvii. f. 16

terminate. PI. xvii. f. 1 & 14.

triangulare. PI. xvii. f. 5 ,

undulatum. PI. xvii. f. 11-13

Beyrichia Forbesii. Pl.iv. f. 13 ...

Cypris liassica (?)

Cythere (Bairdia) plebeia

Scbaurothiana

(Cytherideis) Jonesiaua

Estheria minuta
Homalonotus Linares. PI. v. f. 1,2 ...

,sp. PI. v.f.3

Kirkbya Permiana
Palajocrangon sociaks. Woodcut, f. 8.

sp.

Phacops (Cryphteus) Pentlandii. Pl.iv.

f.9.

latifrons. Pl.iv. f. 8

Lower Carboni
ferous.

Coal-measures

Upper Silurian

Upper Silurian

Rhaetic

Permian
Permian
Permian
Rhaetic

Upper Silurian

Upper Silurian

Permian
Lower Carboni-

ferous.

Millstone-grit...

Devonian

Devonian

Lanarkshire

Coalbrook Dale ..

Lanarkshire ..

( Ludlow& Norton

Ludlow
Ludlow& Norton
Ludlow & Norton
Ludlow

,

Ludlow
Ludlow
Ludlow ,

Ludlow& Norton
Ulampu, Bolivia ...

Beer ; Taunton
;

Vallis.

South Yorkshire...

South Yorkshire...

South Yorkshire...

Valbs, Frome
Illampu, Bolivia ...

Illampu, Bolivia ...

South Yorkshire...

Fifeshire

Yorkshire

Aygatcbi, Bolivia

Oruro, Bolivia ..

530

f 530
\532

530
549

551
552
552
550
551
549
551
551
67

512

308
308
308
512
66
06

308
533

533
65

65

Annelida.

Anaelide-tnbes (?) Permian

Tentaculites Saienzii. PI. iv. f. 12 Upper Silurian

supremus. PI. iv. f. 11
|

Upper Silurian

Worm-burrows
\

Upper Silurian

South Yorkshire..

Illampu, Bolivia ..

Illampu, Bolivia ..

Bolivia

309

67

67
68

Carabidce (?)

Insecta.

. . . .
|
Rhaetic

|
Vallis, Frome

|
513
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Pisces.

Pteraspis. Woodcut I Devonian & Up-
per Silurian.

Dunensis Devonian
Sararodon tomicus. PI. xv. f. 1 Rhaetic

Squaloraia
1

Rhsetic

Germany & Britain

Eifel & Wassenach
Beer-Crowcombe

;

Vallis.

Beer-Crowcombe

;

Vallis.

165

163
498

499

Mammalia.

Human Tooth. Woodcut, f. 3 1 Pliocene .....I Massat, Languedocl 470
Macrauchenia Bolivieirsis. PI. vi. ... Pliocene Corocoro, Bolivia 73

Flint Implements

Miscellaneous.

I Pliocene ... Suffolk, Kent, Bed-
fordshire.

363



ERRATA ET CORRIGENDA.

Part I.

—

Proceedings.

Page 5, line 1 1 from bottom, for 22 read 2%.

,, 10, after line 5 from top insert Sulphate of soda. . . 1097.

„ „ line 8 from top, for 98 -56 read 99'53.

„ 46, line 16 from bottom, for ramos read ramo.

,, 69, line 15 from bottom, insert n. before sp.

„ 125, line 8 from bottom, for Inzessdorfer read Inzersdorfer.

,, 234, line 15 from top, for Mr. Sharpe read Mr. Sharpe's paper.

„ 237, in the last note but one, for p. 127 read pp. 20, 127:

„ 358, line 17 from top, after But insert as.

„ 405, line 19 from top, after from insert the.

„ 417, line 13 from bottom, for blue-clay shale read blue clay-shale.

„ 448, line 5 from bottom (in the note), for in read on.

,, 455, last line, for their read thin.

„ 504, line 15 from top, for Pleuroporus read Pleuropiiorus.

„ 511, line 6 from top, for Straparolus read Straparollus.

„ 52S, after the fourth paragraph, add,—
Whilst this paper was in the press I heard from Mr. Prestwich that

in a well near Waterloo Bridge, which passed through the beds from
the London Clay to the Chalk, the latter rock was found to be in a
rubbly or disturbed state to a depth of at least 20 feet below the Thanet
Sand.—W. W.

„ 529, line 5 from bottom, for advantage read appendage.

531, last line, dele the ? after Palteoc-rangon ; and at the end of the line

add—c. Enlarged.

,, 533, line 12 from top, for long read short.

Part II.

—

Miscellaneous.

Page 30. line 2 from top, for Jonklar read Sonklar.



GEOLOGICAL SOCIETY OF LONDON.

ANNUAL GENERAL MEETING, FEB. 15, 1861.

REPORT OF THE COUNCIL.

1st laying their Annual Report before the Geological Society of Lon-

don, the Council have much pleasure in congratulating the Fellows on

the generally prosperous condition of the Society.

The number of new Fellows elected during 1860 was 35, making,

with four previously elected, whose fees were paid in 1860, an in-

crease of 39. During the same year the Society has had to regret

the loss by death of 19 Fellows.

One Foreign Member has been elected in lieu of one deceased.

The number of extraordinary Members has been reduced by the

death of one personage of Royal Blood and five Honorary Members.
The total number of the Society at the close of 1859 was 907 ; at

the close of 1860, 922.

The excess of Expenditure over Income during 1860 has been

£120 lis. lid. This excess has been brought about by the occur-

rence of the following unusual items :—a donation of £50 to Mr.
Nichols, the Society's late clerk, in consideration of his long ser-

vices ; and ,£100 for the additional Number of the Journal, which it

was agreed to print in order to bring up arrears of publication.

The Council have to mention the handsome donation of 50 gui-

neas by Mr. Tylor, towards defraying the general expenses of the

Society.

The Funded property of the Society amounts to £4350 in Con-
sols, besides .£500 of the Greenough and Brown Bequests, invested

temporarily, making in all .£4850.

The Council have to announce the completion of Vol. XVI. of the

Quarterly Journal, and the First Part of Vol. XVII.
A revised List of the Fellows has also been printed and circulated.

In order to aid in the re-arrangement of the Museum, a second

vol, xvn. a
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temporary Assistant was engaged at the recommendation of the Spe-
cial Museum Committee,—a step which has greatly assisted the pro-

gress reported by the Miiseum Committee.
The Council have to report that on the resignation of the office of

Clerk by Mr. Nichols, they considered it due to his long services to

present him with a sum of £50 ; and determined to recommend to the

General Meeting to award him a further sum of £70, making up one

year's salary.

A great number of Candidates having presented themselves for the

post thus vacated, the Council, after a careful examination of testi-

monials, have bestowed the appointment on Mr. George E. Roberts.

In conclusion, the Council have to report that they have conferred

theWoUaston Medal on ProfessorBronn, of Heidelberg, for his long and
successful labours in aiding the progress of geological science in ge-

neral, and more particularly for the assistance he has afforded to the

progress of Palaeontology, as evidenced in his ' Index Palseontologi-

cus,' and especially in his later work on the " Laws of the Develop-

ment of the Organic World ; " and the balance of the proceeds of the

"Wollaston Fund to M. Daubree, of Strasbourg, to aid in the prosecu-

tion of synthetic experiments, similar to those of which he has re-

cently given an account, and which he has intimated his intention of

continuing, with the object of throwing light upon metamorphic ac-

tion.

Report of the Library and Museum Committee.

Museum.

The Collections of Minerals and of Eecent Shells have received but

few additions ; and in the latter the places of certain genera still re-

quire to be rilled up.

The re-arrangement and re-naming of the British Silurian col-

lection has been completed by Mr. Salter ; and the specimens have

been furnished with new tablets and labels : they now occupy 50
drawers.

The Bev. T. Wiltshire is proceeding with the arrangement of the

Chalk Fossils in the Museum.
For specimens received since the last Anniversary, illustrating the

geology of the British Isles, the Society is indebted especially to A.

Geikie, Esq., F.G.S., J. Evans, Esq., F.G.S., and the Bev. B. Hunter

;

and a large collection of fossil bones from Shorncliffe, lately forwarded

by the War-Department, is worthy of particular notice.

The Foreign Collection has been enriched with numerous dona-

tions, among which the Committee would especially invite the atten-

tion of the Society to a valuable series of rock-specimens from Meissen,

and another from the Yosges Mountains, presented by the President

:

the latter series, having been carefully selected and named in accord-

ance with the descriptions of M. Delesse, form an important typical

collection. They have also to notice Mr. Bennett's Trilobites from

Newfoundland, Mr. Mallet's Volcanic products from Italy, and va-
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rious foreign specimens presented by Mr. Hamilton, F.G.S., the

Hon. Mr. Marsham, E.G.S., Mr. Purdon, F.G.S., and the Rev. S.

Hislop.

Besides the above, a suite of Norwegian rocks and minerals, a do-

nation from His Excellency Count Platen, and a large collection of

fossils from Bordeaux (named by M. Deshayes), presented by Sir

Charles Lyell, deserve particular mention.

A new cabinet has been supplied for the use of the Upper Museum,
as recommended by the Special Museum Committee.

Grounding their views on an elaborate and valuable catalogue

prepared by Mr. Horner, of all the contributions from all countries,

the Special Museum Committee, at their Meeting on the 25th of June
last, resolved that the arrangement to be adopted shall be geogra-

phical, subordinate to which the fossiliferous specimens shall be in

stratigraphical order, and that the non-fossiliferous and eruptive

rock-specimens belonging to each geographical subdivision shall

follow the fossiliferous specimens. The Committee think it their

duty, in referring to this subject, to call especial attention to the

continuous labour and great zeal of the President, who, in superin-

tending the re-arrangement, has given his constant personal attend-

ance to the details of the business, and during the past year has

spent several hours of stated days in every week in actual work in the

Museum.
A thorough re-ordering upon the above plan has involved a mul-

tiplicity of details in the transfer from one cabinet to another, in the

rejection of useless specimens, in cleaning and labelling specimens and
drawers

;
notwithstanding which, under the almost daily superin-

tendence of the President, much has been accomplished in the ar-

rangement of the European collections.

These now occupy no less than 48 cabinets, containing 336
drawers ; and of their contents a very valuable and detailed cata-

logue has also been formed by Mr. Horner. They comprise

—

1st. The geographical arrangement of the countries of Europe,

with subdivisions in some—as Erance and Germany.
2nd. Under the head of each country, an account of the several

groups of specimens belonging to it, with the names of

the donors.

3rd. As the object of a geologist in examining'our foreign col-

lections may often have reference to a comparison of the

rocks or fossils of different districts, columns have been
prepared for references to facilitate such comparisons.

Mr. Horner's catalogues are so constructed that future contribu-

tions can be at once added under their proper heads. It is to be
hoped that similar catalogues will accompany our collections from the

grand divisions of Asia, Africa, North America, South America, and
Australia. But the chief part, not only of the European, but also of

other collections, excepting some portion named by Mr. Horner, re-

quire naming, and are on that account defective, both rock-speci-

mens and fossils; and to this important subject the attention of the

Society is invited, in the hope that some others among the Eellows,

a2
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possessed of competent knowledge, will come forward to aid in en-

hancing the usefulness of these valuable collections.

"With the view of suggesting to volunteers the examination of par-

ticular groups, as also of reminding the Fellows of the variety and

extent of these collections, the following list is appended of several

series of fossils in the European collections which require naming :

—

Fossils in the Foreign European Collections.

Formation.
No. of

Drawers.

Newer Pliocene

or Pleistocene

Pliocene

Miocene

Eocene

Sweden. Uddevalla, Opslo, and Stronistadt

Lower Rhine. Loess, near Bonn
Spain and Portugal. Gibraltar

Belgium. Antwerp
Eastern France. Bones from Vesoul
Spain and Portugal. Lisbon
Sicily, Malta, and Gozo. Palermo, &c. . .

.

Central France. Touraine
Southern France. Bordeaux
Spain and Portugal. Lisbon, &c
Spain and Portugal. Gibraltar, Alicant, Car
tbagena and Mula, and Totana in tbe Pro-
vince of Murcia

Spain and Portugal. Granada
Sicilg, Malta, and Gozo. Malta and Gozo
Belgium. Brussels, Kunroot, Fauquemont,
Limburg

Lower Rhine. Brown-coal, near Bonn ....

Northern France. Cassel

Western France. Ilauteville, Dep. Mancbe .

Paris Basin
Bones from Auvergne ....

Biaritz

Spain and Portugal. Murcia, &c
Northern Italy. Monte Bolca
ilpine Country. Glarus, Seefeld

Alpine Country. Haring
Western German)/. Mayence
Austria. Santa Margarita, Neusiedel, Kron-

bacli, «&c

Hungary. Buda
Turkey in Europe. Moldavia

Tertiarv, undeterm. [Southern France. Aix in Provence
Spain and Portugal Malaga, Catalonia, and
Lisbon

Sicilg, 3Ialfa, and Gozo. Sicily

Northern Italy. Piacenza, Turin, Bassano,

Asolo and Pessagno, Tuscany, and Piedmont
Southern Italy. Antrum, Rome, Ag-nano .

.

Alpine Country

Central France.

Central France.

Southern France.
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Fossils in the Foreign European Collections (continued).

Tertiary, undeternx

Cretaceous

Wealden

Jurassic (including

Liassic).

Triassic

Secondary, undet.

Permian

Carboniferous

Western Germany. Wetterau, Mayence . .

Turkey in Europe. Bulgaria
Grecian Archipelago. Candia, Euboea ....

Southern Russia. Volhynia, Crimea
Austria. Vienna
Denmark. Isle of Faxoe
Holland. Maestriclit and Aix-la-Chapelle . .

Belgium. Tournay, Louisberg, Kunroot,
Montigny, Ciply, Konigsberg, Fauque-
mont, Schneeberg, &c

Western France. Charante, Normandy, Cap
le Heve

Central France. Meudon, Seine et Oise . .

Spain and Portugal. Lisbon, Leira, Portugal

Alpine Country. Mont de Fis, Neucbatel,
Tyrol

Northern Germany. Essen, Rbeten, near
Hanover, near Goslar, &c

Central Germany. Dresden
Turkey in Europe. Bulgaria
Southern Russia. Volbynia
Northern Germany. Buckerberg, Oberkir-

cben, Stammen
Northern France. Boulonnais

No. of

Drawers.

5
1

2
3
1
1

Western France.

Eastern France.

Eastern France.

Bains
Spain and Portugal.

&c

Normandy
Besancon
Haute Saone, Sultz-les-

Granada, New Castile,

Alpine Country. Switzerland
Southern Germany. Bavaria
Southern Germany. Aalen in Wiirtemberg
Southern Germany. Mohringen, &c
Eastern France. Sultz-les-Bains

Central Germany. Thuringia
Southern Germany. Mohringen, &c
Southern Germany. Stuttgart, Baden
Austria. Vienna
Turkey in Europe. Dobrutcba
Northern Italy. Tuscany
Southern Italy. Near Naples
Southern Russia. Crimea
Alpine Country. Seefeld

Northern Germany. Klein Neundorf
Western Germany. Wetterau
Central Germany. Mansfeld, Roseneck . .

.

Spitzbergen

Belgium. Toumay.

1
1
1

1

1

1

4
1

A

3
3
15
1

2
2
1

2
2

1

1

1

1

1

1

1

1

3
2
1

Lower Rhine. Rbenish Provinces 23
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Fossils in the Foreign European Collections (continued).

Carboniferous

Deyonian

Silurian

,

Palaeozoic . . .

,

Miscellaneous

No. of
Drawers.

Northern France. Boulonnais
Spain and Portugal. Serra de Bussaco . .

Northern Germany. Westphalia, Harzgebirge
Northern Russia

Lower Rhine. Rhenish Provinces
Northern France. Boulonnais
Northern Germany. Westphalia
Western Germany. Dillenberg and Wissen-
bach

Sweden. Kinnekulle, Gothland
Norway. Christiania, Malmoe, &c
Lower Rhine. Rhenish Provinces
Western France. Normandy
Central France. Angers
Spain and Portugal. Oporto and Bussaco
Sardinia

Northern Germany. Harzgerode
Northern Germany. Wissenbach
Eastern Germany. Bohemia
Northerti Russia. Volhynia
Northern Ltaly. Tuscany
Southern Russia. Crimea
Central France. Auvergne
Alpine Country. Tyrol '.

Grecian Archipelago

Southern Russia

Library.

Many new books and pamphlets have been acquired during the

past year, both by gift and purchase. Por the latter purpose ,£100

of the Greenough and Brown Bequest-fund were expended on various

works, with which it was deemed desirable to enrich the Library.

Among them may be cited Hamilton's ' Campi Phlegrsei ; ' Walters-

hausen's 'iEtna' and ' Island;' Quenstedt's ' Cephalopoden,' 'Jura,'

and ' Handbuch ; ' Eichwald's 'Lethsea Rossica ;' Junghuhn's 'Java;'

Kaup's ' Prweltliche Saugethiere ;
' Gervais's ' Paleontologie Pran-

caise ; ' Heer's ' Tertiar-Plora der Schweiz ; ' and D'Alton and Bur-

meister's ' Gaviale'.

Many of the books and pamphlets have been bound, and with the

periodicals have been placed partly in the old, and partly in the new
Library-cases, which have been added in accordance with the recom-

mendation of the Library Committee of last year.

A new alphabetical Supplemental Catalogue has been published,

comprising nearly 3000 titles of books, pamphlets, and maps received

in the years 1856-59, including those bequeathed by Mr. Greenough,
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A copy of this Catalogue has been pasted in the leaves of the refer-

ence-catalogue in the Library, and the press-marks attached. Other

additions to the reference-catalogue have also been made, including

an alphabetical list of periodicals. There being now three separate

printed catalogues (1846, 1856, 1860), and three separate alphabet-

ical lists in the Catalogue of Eeference, it is desirable that the whole
should be incorporated into one alphabetical catalogue for reference.

Nearly 400 titles of books and pamphlets received or purchased during

1860 have been entered into an additional catalogue in MS. The
Maps have been lately re-arranged, and a reference-catalogue com-
pleted to the end of 1859. The contents of the portfolios of Sections,

Diagrams, Yiews, &c, have also been supervised, and catalogued in

MS.
The Assistant-Secretary reports that he has received much and

well-sustained assistance, chiefly in the Museum, and in preparing

diagrams for the Evening Meetings, from Mr. Jenkins and Mr.
Stair. ...

' W. J. HAMILTON,
J. PRESTWICH,
J. MORRIS,
W. W. SMYTH.

Comparative Statement of the Number of the Society at the close of the

years 1859 and 1860.

Dec. 31, 1859. Dec. 31, 1860.
Compounders 120 119
Residents 200 214
Non-residents 524 531

844 864
Honorary Members 10 5
Foreign Members ......... 50 50
Personages of Royal Blood . . 3—63 3—58

907 922
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General Statement explanatory of the Alteration in the Number oj

Fellows, Honorary Members, §c. at the close of the years 1859
and 1860.

Number of Compounders, Residents, and Non-residents,

December 31, 1859 844
Add Fellows elected during former 1 Residents .... 2

years, and paid in 1860 . .
J
Non-residents . 2— 4

Fellows elected and paid in \ Residents .... 14
1860

J
Non-residents 21—35

39

883

Deduct Compounders deceased 1

Residents „ 2
Non-residents „ 16

19

Total number of Fellows, Dec. 31st, 1860, as above 864

Number of Honorary Members, Foreign Members, and
\ ^

Personages of Royal Blood, Dee. 31st, 1859 . .
J

Add Foreign Member elected during 1860 1

64
Deduct Foreign Member deceased 1

Honorary Members „ 5
— 6

As above 58

Number of Felloivs liable to Annual Contribution, as Residents, at the

close of I860, ivith the alterations during the year.

Number at the close of 1859 200
Add Elected in former years, and paid in 1860 2

Elected and paid in 1860 14

Non-residents who became Resident 11

27

227
Deduct Deceased 2

Became Non-resident 11
13

As above 214
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H. G. Bowen, Esq.

Deceased Fellows.

Compounders (1).

Earl Cawdor.

Residents (2).

|
Sir Charles Fellows.

Non-residents (16).

W. Anstice, Esq.

W. Atkinson, Esq.

Dr. G. Buist.

Lieut.-Gen. Sir H. E. Bunbury,

Bart.

Sir A. Caldcleugh.

J. Craig, Esq.

Dr. J. G. Croker.

M. Dawes, Esq.

E. Downing, Esq.

B. G. Killaby, Esq.

E. Looney, Esq.

P. J. Martin, Esq.

Bev. Baden Powell.

Earl of Tyrconnel.

Bev. B. N. Wallace.

W. WiUs, Esq.

Dr. Emerson.

G. HiU, Esq.

Foreign Members (1).

Prof. J. E. L. Hausmann.

Honorary Members (5).

Dr. Hincks.

C. Keogh, Esq.

Dr. C. 'Skene.

The following Persons were elected Fellows during the year 1860.

January 4th.—Stephen Harlowe Harlowe, Esq., 2 North Bank, St.

John's Wood ; the Bev. S. W. King, Saxlingham Bectory, near

Norwich ; and David Llewellin, Esq., C.E., Glyn Neath, Glamor-

ganshire.

18th.—James Poyntz McDonald, Esq., Kingsdown Parade,

Bristol; William Purdon, Esq., C.E., Punjab; and James Winter,

M.D., Hampstead.

February 1st.—Thomas Pease, Esq., Westbury, Gloucestershire.

29th.—William Smith, Esq., C.E., Salisbury Street, Adelphi

;

and C. A. Sanceau, Esq., F.C.S., Blackpool, Lancashire.

March 14th.—The Bev. T. G. Bonney, M.A., FeUow of St. John's

CoUege, Cambridge ; and the Bev. Henry Eley, M.A., Broomfield

Yicarage, Chelmsford.

28th.—His Grace the Duke of Marlborough ; and W. P. Jer-

vis, Esq., Northwick Terrace, Maida Hill.

April 18th.—Edward Brainerd Webb, Esq., C.E., 34 Great George
Street, Westminster

;
Spencer Herapath, 19 Sheffield Terrace,

Kensington ; and Owen Bowen, Esq., 4 Great Queen Street, West-
minster.



ANNIVERSARY MEETING.

May 16th.—Frederick Wollaston Hutton, Esq., Lieut. 23rd R. W.
Fusileers, Royal Staff College, Sandhurst ; John James Lundy,
Esq., Primrose Bank, Leith ; R. Farmer, Esq., the Hill, Hornsey ;

"William Drury Lowe, Esq., Locko Park, Derby ; Arthur Beevor

"Wynne, Esq., of the Geological Survey of Ireland ; and James
Wyatt, Esq., Bedford.

30th.—Mark Fryar, Esq., Lecturer on Mining, &c, at the

Andersonian University, Glasgow; and Francis Duncan, Esq.,

Lieut. R.A., Halifax.

June 13th.—Ge3rge Angus, Esq., 3 Harcourt Buildings, Inner

Temple ; Herbert T. James, Esq., Drumkeeran, Co. Leitrim; and
Henry Ward, Esq., the Oaklands, Wolverhampton.

November 7th.—William T. Blanford, Esq., of the Geological Survey

of India; the Rev. Thomas Bigsby Chamberlin, Kirton in Lind-

say, Lincolnshire ; James Sparrow, Esq., Cymmau Hall, near

Wrexham ; and Richard Fort, Esq., Read Hall, Whalley, Lan-
cashire.

21st.—Major Robert Jones Garden, 63 Montagu Square ; and
Lieut. Robert Home, R.E., Royal Staff College, Sandhurst.

December 5th.—William Salmon, Esq., Ulverstoke, Lancashire

;

Peter Higson, Esq., one of H. M. Inspectors of Coal-mines,

Broughton, near Manchester ; John Spencer, Esq., Bowood, Wilts

;

Alexander R. Binnie, Esq., C.E., 7 Upper Lansdowne Terrace

;

George James Eustace, Esq., Arundel House, Brighton; F. D. P.

Dukinfield Astley, Esq., Dukinfield, Cheshire, Arisaig, W.B., and

67 Eaton Square ; and Thomas Baxter, Esq., Cathedral School,

Worcester.

19th.—The Rev. A. Deck, of the Royal Military College, Sand-

hurst; Charles Rooke, Esq., Scarborough ; and the Rev. William

Lister, Bushbury Vicarage, Wolverhampton.

Hie following Personage tvas elected a Foreign Member.

M. H. Milne-Edwards, Jardin des Plantes, Paris.

The following Donations to the Museum have been received since the

last Anniversary.

BritisJi Specimens.

A series of thirty-six specimens of trappean rocks from Arthur's

Seat, Edinburgh ;
presented by A. Geikie, Esq., F.G.S.

Specimens of peat and shells from StMingshire ; presented by the

Earl of Selkirk, F.G.S.

A series of plaster-casts of Cystideae
;
presented by J. Mushen, Esq.

Specimens of fossil-wood from Woburn ;
presented by John Evans,

Esq., F.G.S.

Specimens of pseudomorphs of salt in Keuper Sandstone, from Deer-

hurst ;
presented by T. R. Jones, Esq., F.G.S.

Skull of Cat in stalagmite, from a bone-cave in S. Devon ; presented

by C. Babbage, Esq., F.R.S.
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Specimens of Corals from the Lias ;
presented by the Rev. P. B.

Brodie.

Specimens of Fossil Ferns from Wyre Forest Coal-field
;
presented

by Mr. George E. Roberts.

Slab of Old Bed Sandstone from Mill of Ash
;
presented by the Eev.

J. Hunter.

Specimens of "Wealden Unios from Tunbridge "Wells ; presented by

W. J. Hamilton, Esq., For. Sec. Gr. S.

A Collection of fossil Mammalian Bones from Folkestone ; from the

War-Department, through Capt. G. H. Gordon, R.E., Shorncliffe.

Foreign Specimens.

Specimens of Hollow Pebbles from the Leitha-Kalk ; a suite of 156
rock-specimens illustrative of the geology of the Vosges Moun-
tains ; and specimens of Porphyries and Pitchstones from Meissen

;

presented by Leonard Horner, Esq., Pres. G.S.

Specimens of Paradoxides Bennettii, from Newfoundland ;
presented

by — Bennett, Esq.

Specimens of Nemertites Strozzii from Tuscany, and some Carboni-

ferous fossils ; also a series of Tertiary fossils from Bordeaux

;

.
presented by Sir C. Lyell, V.P.G.S.

A suite of Yolcanic Bocks from Italy
;
presented by R. Mallet, Esq.,

F.G.S.

Specimens of Rocks from Tuscany ; Devonian fossils from the Bos-
phorus

; Agate-specimens from Oberstein ; and specimens of Opal

from Konigswinter
; presented by W. J. Hamilton, Esq., For.

Sec. G.S.

Specimens of nodules with Fish-remains from Brazil
; presented by

the Hon. B. Marsham, F.G.S.

Specimens of Carboniferous fossils from the Punjab; presented by
W. Purdon, Esq., F.G.S.

Specimens of Mya arenaria, from Meue Deep, Holland
;
presented

by J. G. Jeffreys, Esq., F.B.S.

Slab of flexible Sandstone, from Narnoul, India
;
presented by C.

Gubbins, Esq.

A series of eighty- five specimens of rocks, minerals, and ores, from
Sweden and Norway

; presented by His Excellency Count Platen,

Swedish Ambassador.
Specimens of Coal from Sah-Koh, Persia, collected by Mr. Mackenzie,

H.M. Consul for Gilan ; from the Foreign Office, by order of Lord
John Bussell.

Specimens of fossils, coprolites, and bones from Nagpur, India
;
pre-

sented by the Bev. S. Hislop.

Specimen of silicified wood from the Banda Oriental
; presented by

J. P. Harries, Esq.
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Charts and Maps presented.

Sheet 32 (Scotland) of the Geological Survey of Great Britain ;

Sheets 101-112, 119-121, 128-205 (Ireland) of the Geological

Survey of Great Britain ; Sheet 12 (England) ; Sheets 107, 108,

six-inch, of Lancashire ; and Nos. 2, 3, 4, and 5, Horizontal Sec-

tions (England) of the Geological Survey of Great Britain
; pre-

sented by the Director-General of the Survey.

Eisenbahn-Karte von Deutsehland, und den angrenzenden Lan-
dern, bearbeitet von Dr. Beden und E. von Sydow ; presented by
Leonard Horner, Esq., Bres. G. S.

Carte Geologique et Coupes Geologiques de la partie de Sud d'Ural

Montagnes, composee par MM. Meglitzky et Antipoff; presented

by the authors.

Sheet No. 1 (Melbourne) of the Geological Survey of Yictoria
; pre-

sented by that Survey.

Drawings, Qc, presented.

A coloured print of H. B. de Saussure, and three of Glacier-travelling

;

presented by T. J. Laing, Esq., F.G.S.

A drawing of Ccelorhynchus rectus, and of Bristis Latharni ; pre-

sented by Leonard Horner, Esq., Bres. G. S.

Two engravings of Elint-weapons found at Hoxne in Suffolk
; pre-

sented by John Evans, Esq., E.G.S.

The following Lists contain the Names of the Bersons and Bublic

Bodies from whom Donations to the Library and Museum have been

received since the last Anniversary, February 17, 1860.

I. List of Societies and Bublic Bodies from whom the Society has

received Donations of Books since the last Anniversary Meeting.

Auckland. New Zealand Govern-

ment.

Basel, Natural History Society of.

Berlin, Geographical Society of.

, German Geological Society

at.

, Boyal Academy of Sciences

at.

Berwick. Naturalist's Eield Club.

Boston (TJ. S.), Natural History

Society of.

Bordeaux, Societe Linneenne de.

British Government.

Brussels. L'Academic Boyale des

Sciences.

Caen. Societe Linnneenne de

Normandie.
Calcutta. Geological Survey of

India.

. Bengal Asiatic Society.

Cambridge (Mass.). American
Academy of Arts and Sciences.

Canadian Government.

Cassel. Natural History Society

of Upper Hesse.

Cherbourg, Societe des Sciences

Naturelles de.

Copenhagen. Boyal Danish Aca-
dem}" of Sciences.

Cornwall. Boyal Cornwall Boly-

technic Society.
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Cornwall, Eoyal Geological Soci-

ety of.

, Eoyal Institution of.

Darmstadt. Geological Society of

the Middle Rhine.

,
Geographical Society of.

Dublin, Geological Society of.

, Eoyal Irish Academy at.

Edinburgh, Eoyal Society of.

, Eoyal Physical Society of.

Frankfurt, Senckenberg Natural

History Society of.

(Kentucky). Geological

Survey of Kentucky.

Geneva. La Societe de Physique
et d'Histoire.

Glasgow Geological Society.

Halle, SocietyofNatural Sciences

of.

, Saxon and Thuringian Na-
tural Society in.

Hanau. Natural History Society

of the Wetterau.
Heidelberg, Natural History So-

ciety of.

Hobart Town. Eoyal Society of

Tasmania.

India, Secretary of State for.

Iowa, Geological Survey of.

, Government of.

Kentucky, Geological Survey of.

Lausanne. Socie'te Vaudoise des
Sciences Naturelles.

Leeds, Philosophical Society of.

Liege, La Societe Eoyale de.

Lisbon, Eoyal Academy of.

Liverpool. Lancashire and Che-
shire Historical Society.

, Philosophical Society of.

London. Geological Survey of
Great Britain and Ireland.

EoyalAstronomical Society

London. Eoyal Asiatic Society of

Great Britain.

, Art Union of.

. British Association.

, Chemical Society of.

. College of Surgeons of

England.

College of Physicians of

England.— . EoyalGeographical Society.— . Geologists' Association.

Eoyal Horticultural Soci-

ety of.

Institute of Actuaries of

Great Britain and Ireland.— . Institute ofCivilEngineers.— . International Statistical

Congress.—, LinnEean Society of.—
,
Mendicity Society of.—

,
Meteorological Society of.—,
Microscopical Society of.—

,
Photographic Society of.—

,
Eoyal Society of.— . Eoyal Institution of Great

Britain.— . Eay Society.

Societyforthe Encourage-
ment of the Arts.—, Statistical Society of.—

,
Zoological Society of.—

. International Association

for obtaining a uniformDecimal
System of Measures, Weights,
and Coins.

Lyons, les Commissionnaires Hy-
drometriques de.

Madrid, Academy of Sciences of.

Manchester, Literary Society of.

Melbourne. Eoyal Societyof Vic-
toria.

Geological Survey of Au-
stralia.

-, Government of.

of

Milan, Imperial Institute of.

Montreal, Natural History So-
ciety of.

Moscow, Imperial Academy of

Naturalists of.
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Munich, Academy of Sciences of.

Ne-uchatel, la Societe des Sciences
Naturelies de.

New Haven (TJ. S.). Editor of

American Journal of Science.

New York, Geographical and Sta-
tistical Society of.

, State Library of.

New Zealand Government.

Offenbach, Natural History So-
ciety of.

Ohio, Board of Agriculture of.

Paris, l'Academie des Sciences de.

, Depot Generale d'Annales
des Sciences Naturelles a.

. L'Ecole des Mines.

. Museum d'Histoire Natu-
relle.

Pesth, Academy of Sciences of.

Philadelphia, Academy of Natu-
ral Sciences of.

. American Philosophical

Society.

. American Association for

the Advancement of Science.

. Franklin Institute of Penn-
sylvania.

Puy-en-Velay, la Societe d'Agri-

culture et Sciences du.

St. Louis, Academy of.

Stockholm, Academy of.

St. Petersburg, Imperial Aca-
demy of.

, Mineralogical Society of.

Strasburg. Museum d'Histoire

Naturelle.

Stuttgart. Fatherland Natural
History SocietyofWurtemberg.

Somersetshire, Archaeological and
Natural History Society of.

Toronto(Government of Canada),
Public Library of.

Turin, Academy of Sciences at.

Tyneside Naturalists' Field-club.

Vienna, Geological Institute of.

, Imperial Academy of.

United States, Government of.

Washington. Patent Office.

. United StatesWar Depart-

ment.
. Smithsonian Institution.

Wiesbaden . Natural History So-

ciety of the Grand Duchy of

Nassau.

Yorkshire, Philosophical Society

of.

(South). Viewers' Associa-

tion.

II. List containing the names of the Persons and Public Bodies from

whom Donations to the Library and Museum have been received

since the last Anniversary.

Adhemar, M. G.

American Journal of Science and
Art, Editor of the.

Anca, Baron.

Ansted, Prof. D. T., F.G.S.

Antipoff, M.
Athenaeum Journal, Editor of the.

Babbage, C., Esq.

Bache, Prof. A. D.

Barrande, M. J., For.M.G.S.

Bennett, — Esq.

Bergh, H., Esq.

Binney, E. W., Esq., F.G.S.

Blackwall, J., Esq.

Bland, T., Esq., F.G.S.

Botfield, !., Esq., M.P., F.G.S.

Bouquet, M.
British Government.
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Campiche, Dr.

Carpenter, Dr. W. B., F.G.S.

Chambers, R., Esq., F.G.S.

Chemist and Druggist, The Edi-

tor of the.

Clarke, Rev. W. B., E.G.S.

Critic, Editor of the.

Daubeny, Dr., E.G.S.

Daubree, M. A.

Davidson, T., Esq., E.G.S.

Dawson, Dr. J. W., F.G.S.

Delesse, M., For.M.G.S.

Deslongchamps, M. E. E.

Desnoyers, M. J.

Doue, M. B. de, For.M.G.S.

Duckworth, H., Esq., F.G.S.

Duff, P., Esq.

Dulau & Co., Messrs.

Eichwald, M. E. von.

Evans, J., Esq., F.G.S.

Favre, M. A.

Forbes, J". D., Esq., F.G.S.

Forchhammer, Dr., For.M.G.S.

Foreign Office.

Forrester, J. J., Esq., F.-G.S.

Francis, Dr. W., F.G.S.

Freke, Dr. H.

Gabb, M., Esq.

Gaudin, M. C. T.

Geikie, A., Esq., F.G.S.

Geinitz, Dr. BZ. B., For.M.G.S.

Geologist, Editor of the.

Goppert, Dr. H. R., For.M.G.S.

Gosselet, M. J.

Grant, Dr. R. E., F.G.S.

Gubbins, C, Esq.

Hamilton, W. J., Esq., For. Sec.

G.S.

Harries, J. P., Esq.

Hauer, Chev. K. v.

Haven, C. H., Esq.

Hawn, F., Esq.

Hebert, M. E.

Helmersen, Col. G. v.

Henwood, W. J., Esq., F.G.S.

Hislop, Rev. S.

Hogg, J.
;
Esq.

Holmes, F. S., Esq.

Horner, L., Esq., Pres.G.S.

Hunt, T. S., Esq.

Hunter, Rev. R.

Jeffreys, J. G., Esq.

Jeitteles, L. H.
Jervis, W. P., Esq., F.G.S.

Jones, T. R., Esq., F.G.S.

Laing, T. J., Esq., F.G.S.

Lane, C. B., Esq.

Laugel, M. A.

Lea, Dr. I.

Lindsay, Dr. "W. L.

Literary Gazette, Editor of the.

London, Edinburgh, and Dublin

Philosophical Magazine, Editor

of the.

Longman & Co., Messrs.

LyeU, Sir C, Y.P.G.S.

Mallet, R., Esq., F.G.S.

Marcou, M. J.

Marsham, The Hon. R., F.G.S.

M°Andrew, R., Esq.

Mechanics' Magazine, Editor of

the.

Meglitzky, M.
Meigs, Dr. J. A.

Meyer, H. von, For.M.G.S.

Mining Review, Editor of the.

Mitchell, Rev. H.
Mohrenstern, M. G. S. von.

Morris, Prof. J., F.G.S.

Morton, G. H., Esq., F.G.S.

Murchison, Sir R. I., Y.P.G.S.

Mushen, J., Esq.

Newberry, J. S., Esq.

New Zealand Examiner, The
Editor of the.

Msser, P., Esq.

Oldham, Prof. T., F.G.S.

Ormerod, G. W. Esq., F.G.S.

Owen, D. D., Esq.

Owen, Prof. R., F.G.S.
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Parker, W. K., Esq.

Parolini, Signor C. A.
Phillips, Prof. J., F.G.S.

Pictet, M. F. J.

Platen, His Excellency Count.

Purdon, Wv Esq., F.G.S.

Quaritch, B., Esq.

Quarterly Journal of Microsco-

pical Science, Editor of the.

QuarterlyJournal of theChemical
Society, Editor of the.

Ramsay, Prof. A. C, F.G.S.

Raulin, M. Y.

Readwin, T. A., Esq., F.G.S.

Peeve, L., Esq., F.G.S.

Rentzsch, Dr.

Roberts, G. E., Esq.

Roemer, Dr. F., For.M.G.S.

ScharfF, Dr.

Selkirk, Earl of, F.G.S.

Shumard, F.

Silliman, Prof., For.M.G.S.

Smyth, R. B., Esq., F.G.S.

Smyth, W. W., Esq., Sec.G.S.

Sorby, H. C, Esq., F.G.S.

Steindachner, M. F.

Stoliczka, M. F.

Studer, Prof. B., For.M.G.S.

Strozzi, M. le Marquis C.

Suess, Prof. E.

Swallow, G. B., Esq.

Tate, G., Esq., F.G.S.

Tennant, Prof. J., F.G.S.

Thomson, Prof. W., F.G.S.

Verneuil, M. de, For.M.G.S.

Vivian, E., Esq.

Wallich, Dr. G. C, F.G.S.

War Department.

Zigno, Signor A. de.

List of Papers read since the last Anniversary Meeting

,

February 17th, 1860.

1860.

Feb. 29th.—On the Classification of the Lower Lias of the South of

England, by Dr. T. Wright, F.G.S.

March 14th.—On the occurrence of the Linyula 'Credneri in the

Coal-measures of Durham, by J. W. Kirkby, Esq. ; communicated
by T. Davidson, Esq., F.G.S.

On the Rocks and Minerals on the property of the

Marquess of Breadalbane, in Perthshire and Argyleshire, by Carl

H. G. Thost, Esq. ; communicated by Prof. Nicol, F.G.S.

March 2Sth.—On the so-called Wealden Beds and the Reptiliferous

Sandstones of Elgin, by Charles Moore, Esq., F.G.S.

Notes about Spitzbergen, by James Lamont, Esq.,

F.G.S.

April- 18th.—On the presence of the London Clay in Norfolk, as

proved bv a Well at Yarmouth, by Joseph Prestwich, Esq.,

Treas. G.S.

On a Well in the Tertiary Sands and Clays at Bury
Cross, near Gosport, by J. Pilbrow, Esq. ; communicated by the

President.

On some Foraminifera from the Triassic Clays at

Chellaston, near Derby, by T. R. Jones, Esq., F.G.S., and W. K.

Parker, Esq.
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1860.

May 2nd.—On the Physical Relations of the Elgin Sandstones, by the

Rev. W. S. Symonds, F.G.S.

On two newly discovered Bone-caves in Sicily; a

letter from Baron Anca to Dr. Falconer, F.G.S.

May 16th.—An outline of the Geology of Venezuela and Trinidad,

by G. P. "Wall, Esq. ; communicated by Sir R. I. Murchison,

V.P.G.S.

On the Co-existence of Man with certain Extinct

Quadrupeds, by M. E. Lartet, For. M.G.S.
May 30th.—On certain Rocks of Miocene Age in Tuscany, by W. P.

Jervis, Esq., F.G.S.

On the Ossiferous Caves of Gower, Glamorganshire,

by Hugh Falconer, M.D., F.G.S.

June 13th.—On the Bone-caves of Gower, Glamorganshire (in con-

tinuation), by Hugh Falconer, M.D., F.G.S. ; with an Appendix
by Joseph Prestwich, Esq., Treas. G.S., on the Raised Beach of

Mewslade Bay, and the Existence of Boulder-clay in Cefn-y-bryn.

i On the occurrence of Crag-shells beneath the Boulder-

clay of Aberdeenshire, by T. F. Jamieson, Esq. ; communicated by
Sir R. I. Murchison, V.P.G.S.

On some small Fossil Vertebrte from near Frome, in

Somerset, by Professor Owen, F.G.S.

November 7th.—On the Denudation of Soft Strata, by the Rev. 0.

Fisher, F.G.S.

On an undescribed Fossil Fern from the Lower Coal-?

measures of Nova Scotia, by Dr. J. W. Dawson, F.G.S.

On the Sections of Strata exposed in the Excavations

of the South High-level Sewer at Peckham and Dulwich, with

Notices of the Fossils found there, by C. Rickman, Esq, ; commu-
nicated by the Assistant-Secretary.

November 21st.—On the Geology of Bolivia and Soiithern Peru, by
David Forbes, Esq., F.G.S.; with Notices of the Fossils, by Prof.

Huxley, Sec. G.S., and J. W. Salter, Esq., F.G.S.

December 5th.—On the Structure of N. W. Highlands, and the Rela-

tions of the Gneiss, Red Sandstone, and Quartzites of Sutherland

and Ross- shire, by Prof. James Nicol, F.G.S.

Decemberl9th.—On the Geological Structure of the S.W.Highlands
of Scotland, by T. F. Jamieson, Esq. ; communicated by Sir R. I.

Murchison, V.P.G.S.

On the Position of the Beds of the Old Red Sandstone

developed in the counties of Forfar and Kincardine, by the Rev.

Hugh Mitchell ; communicated by the Secretary.

1861.

January 9th.—On the Stratigraphical Position of certain Liassic

Corals, by the Rev. P. B. Brodie, F.G.S.
• On the Malvern and Ledbury Tunnels on the Wor-

cester and Hereford branch of the West Midland Railway, by the

Rev. W. S. Symonds, F.G.S., and A. Lambert, Esq.

January 22nd.—On the " Chalk-rock " lying between the Lower and
Upper Chalk of Wilts, Berks, &c, by W. Whitaker, Esq., F.G.S.

VOL. XVII. b
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January 22nd.—On the gravel and boulders of the Punjab, by J. D.
Smithe, Esq.

OnPterasp isDunensis(PalceoteuthisDunensis,Roemer),

by Prof. Huxley, Sec. G.S.

February 6th.—On the Altered Rocks of the "Western and Central

Highlands of Scotland, by Sir P. I. Murchison, V.P.G.S., and A.

Geikie, Esq., F.G.S.

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 distributed among the Fellows.

It was afterwards resolved,

—

1. That the thanks of the Society be given to Sir C. Lyell and

Major-General Portlock, retiring from the office of Yice-President.

2. That the thanks of the Society be given to Sir P. G. Egerton^

Bart., R. Godwin-Austen, Esq., "W. Hopkins, Esq., and J. C. Moore,

Esq., retiring from the Council.

After the Balloting-glasses had been duly 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 :

—

OFFICERS.

PRESIDENT.

Leonard Horner, Esq., F.R.S. L. <fe E.

VICE-PRESIDENTS.

Prof. John Morris.

Sir R. I. Murchison, G.C.St.S., F.R.S. & L.S.

Prof. John Phillips, M.A., LL.D.
G. P. Scrope, Esq., M.P., F.R.S.

SECRETARIES.

Prof. T. H. Huxley, F.R.S. & L.S.

Warington W. Smyth, Esq., M.A., F.R.S.

FOREIGN SECRETARY.

William John Hamilton, Esq., F.R.S.

TREASURER.

Joseph Prestwich, Esq., F.R.S.
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John J. Bigsby, M.D.
Sir Charles Bunbury, Bart.,

F.B.S. & L.S.

Earl of Enniskillen, D.C.L.,

F.B.S.

William John Hamilton, Esq.,

E.B.S.

Joseph D. Hooker, M.D., F.B.S.

&L.S.
Leonard Horner, Esq., F.B.S.

L. & E.

Prof. T. H. Huxley, E.B.S.

John Lubbock, Esq., F.B.S. &
L S

Sir Charles Lyell, F.B.S. & L.S.

Edward Meryon, M.D.
Prof. W. H. Miller, M.A., F.B.S.

Prof. John Morris.

Sir B. I. Murchison, G.C.St.S.,

F.B.S. & L.S.

Bobert "W. Mylne, Esq.

Prof. John Phillips, M.A., F.B.S.

Major-General Portlock, LL.D.,

F.B.S.

Joseph Prestwich, Esq., F.B.S.

G. P. Scrope, Esq., M.P., F.B.S.

WaringtonW. Smyth,Esq.,M.A..,

F.B.S.

Thomas Sopwith, Esq., M.A.,

F.B.S.

Alfred Tylor, Esq., F.L.S.

Eev. Thomas "Wiltshire, M.A.
"S. P. Woodward, Esq.

12
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LIST OF

THE FIFTY FOREIGN MEMBERS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1831.

Date of

Election.

1808. Professor L. A. Necker, Geneva.

1817. Professor K. C. von Leonhard, Heidelberg.

1817. Professor Karl Aon Raumer, Munich.

1818. Professor G. Ch. Gmelin, Tubingen.

1819. Count A. Breuner, Vienna.

1819. M. Charles Lardi, Lausanne.

1819. Sign. Alberto Parolini, Bassano.

1821. M. Louis Cordier, Paris.

1822. Count Vitiano Borromeo, Milan.

1823. Professor Nils de Nordenskiold, Abo.

1825. Dr. G. Forchhammer, Copenhagen.

1827. Dr. II. von Dechen, Oberbergliauptmann, Bonn.

1827. Herr Karl von Oevnhausen, Oberberghauptmann, Breslau.

1828. M. J. M. Bertrand de Doue, Pug-en- Velag.

1828. M. Lt5once Elie de Beaumont, Sec. PerptStuel de lTnstit. France,

For. Mem. B. S., Paris.

1 828. Dr. B. Silliman, New Haven, Connecticut.

1829. Dr. Ami Boue, Vienna.

1829. J. J. d'Omalius d'Halloy, Namur.
1832. Professor Eilert Mitscherlich, For. Mem. R. S., Berlin.

1839. Dr. Ch. G. Ehrenberg, For. Mem. R. S., Berlin.

1840. Professor Adolphe T. Brongniart, For. Mem. R. S., Paris.

1840. Professor Gustav Rose, Berlin.

1841. Dr. Louis Agassiz, For. Mem. R. S., Cambridge, Massachusetts.

1841. M. G. P. Deshayes, Paris.

1844. Professor William Burton Rogers, Boston, U. S.

1844. M. Edouard de Verneuil, Paris.

1847. Dr. M. C. II. Pander, Riga.

1847. M. le Vicomte A. d'Archiac, Paris.

1848. James Hall, Esq., New York.

1850. Professor Bernard Studer, Berne.

1850. Herr Hermann von Meyer, Frankfort on Maine.

1851. Professor James D. Dana, Netr Haven, Connecticut.

1851. Professor II. G. Bronn, Heidelberg.

1851. Colonel G. von Helmersen, St. Petersburg.

1851. Dr. W. K. Ilaidinger, For. Mem. R. S., Vienna.

1851. Professor Angela Sismonda, Turin.
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1853. Count Alexander von Keyserling, St. Petersburg.

1853. Professor Dr. L. G. de Koninck, Liege.

1854. M. Joachim Barrande, Prague. [

1854. Professor Dr. Karl Friedrich Naumann, Zeipsic.

1856. Professor Dr. Robert W. Bunsen, Heidelberg.

1857. Professor Dr. H. R. Goeppert, Breslau.

1857. M. E. Lartet, Paris;

1857. Professor Dr. H. B. Geinitz, Dresden.

1857. Dr. Hermann Abich, St. Petersburg.

1858.
i

Dr, J. A. E. Deslongchamps, Caen.
,

1858. Herr Am. Escher von der Linth, Zurich.

1859. M. A. Delesse, Paris.

1859. Professor Dr. Ferdinand Roemer, Breslau.

1860. Professor Dr. H. Milne-Edwards, For.Mem.R.S., Pans,

AWARDS OF THE WOLLASTON-MEDAL

UNDER THE CONDITIONS OF THE DONATION-FUND

ESTABLISHED BY

WILLIAM HYDE WOLLASTON, M.D., F.R.S., F.G.S., &c,

" 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."

1831.

1835.

1836.

1837.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

Mr. William Smith.

Dr. G. A. Mantell.

M. L. Agassiz.

ICapt. P. F. Cautley.

I Dr. H. Falconer.

Professor R. Owen.

Professor C. G. Ehrenberg.

Professor A. H. Dumont.

M. Adolphe T. Brongniart.

Baron L. von Buch.

I M. E. de Beaumont.

I M. P. A. Dufrenoy.

The Rev. W. D. Conybeare.

Professor John Phillips.

Mr. William Lonsdale.

Dr. Ami Boue.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858..

1859.

1860.

1861.

The Rev. Dr. W. Buckland.

Mr. Joseph Prestwich, jun.

Mr. William Hopkins.

The Rev. Prof. A. Sedgwick,

Dr. W. H. Fitton.

M. le|VicomteA. d'Archiac,

M. E. de Verneuil.

Dr. Richard Griffith.

Sir H. T. De la Beche.

Sir W. E. Logan.

M. Joachim Barrande.

j Herr Hermann von Meyer.

I Mr. James Hall^

Mr. Charles Darwin.

Mr. Searles V. Wood.
Prof. Dr. H. G. Bronn.



Income and Expenditure during the

INCOME.
£ s. d. £ s. d.

Balance at Banker's, January 1, 1860 .... 531 7 9

Balance in Clerk's hands 9 15 2

541 2 11

Compositions received 110 5

Arrears of Admission-fees 29 8

Arrears of Annual Contributions 15 15

45 3

Admission-fees for 1860 214 4
Annual Contributions for 1860 670 19 6

Dividends on 3 per cent. Consols 130 15 10

Publications

:

Longman and Co., for Sale of Quarterly Journal

in 1859 59 1 5

Sale of Transactions 8 11 9

Sale of Proceedings 11 9

Sale of Journal, Vols. 1-6 9 14

Vols. 7-12 16 16

„ Vols. 13-15 81 3 8

Vol. 16* 123 10 9

Sale of Geological Map 4 5

Sale of Library-catalogues, including Dona-
tion from the Rev. C. Pritchard 5 18 6

Sale of Alphabetical Catalogue 8

Sale of Ormerod's Index 2 4

312 4 10

Journal-Compositions 204

We have compared the Books and „ „

Vouchers presented to us with these

Statements, and find them correct.

S. R. PATTISON, \ . ,..

Feb. 2, 1861. JOHN J. BIGSBY, /
AuaUors -

* Due from Messrs. Longman and Co., in addition

to the above, on Journal, Vol. XVI £63 12 3

Due from Fellows for Subscriptions to Journ. .. 63 8

Due from Authors for Corrections 7 13 6

£134 13 9



Year ending December 31st, 1860.

EXPENDITURE.

General Expenditure : £ s. d. £ s. d.

Taxes 53 8
Fire-Insurance . 3
House-Repairs 12 5 8

Furniture 38 18 9
Fuel 40 9
Light 34 2

Miscellaneous House-expenses 69 13 11

Stationery 29 16 4
Miscellaneous Printing 36 6
Tea for Meetings 15 110— 332 6 10

Salaries and Wages

:

Assistant-Secretary 200
Clerk 108 15
Assistants in Library and Museum 84 5
Porter 90
Housemaid 40
Occasional Attendance 15 10
Collector 24 5

562 6

Library 177 5 2

Alphabetical Supplemental Catalogue 37 5 1

Museum 43 12 6

Diagrams at Meetings 13 5

Miscellaneous Scientific Expenses 14 8 5

Donation (part) to Mr. Nichols 50

Publications :

Geological Map 54 18 6
Proceedings and Abstracts 10 7 6
Journal, Vols. I.-VI 12 8

Vols. VII.-XH I 9
Vols. XIII.-XV 19 13 6
Vol. XVI 676 12 7

763 13 9

Invested by Treasurer out of Journal-Composition .. 200

Balance at Banker's, Dec. 31, 1860 19 8 10

Balance in Clerk's hands 15 3 6

£2228 15 1



Estimatesfor

|
47 5

INCOME EXPECTED.

£ s. d.

Due for Subscriptions on Quarterly Journal account (con- 1 49 o
sidered good) J

Due for Authors' Corrections 7 13 6

Arrears (See Valuation- sheet)

119

15

Ordinary Income for 186 1 (estimated) :— f s d
Annual Contributions, 213 Resident Fellows"!/.^, *

"

at 3 gs J

Annual Contributions, 30 Non-resident Fel-

lows at H gs

713 4

Admission-fees (supposed) 200
Compositions (supposed) 145

Dividends on 3 per Cent. Consols 131 12

Sale of Transactions, Proceedings, Geological Map, Li- \ ^ Q
brary-catalogues, and Ormerod's Index J

Sale of Quarterly Journal 200

Due by Messrs. Longman and Co. in June 63 12 3

Portion of Mr. Greenough's Bequest of £5C0, ordered by the

Council to be sold out on account of special Expenditure

incurred on Map, Library, and Museum during 1859 and
1860 .' 200

Further amount due from expenditure incurred")
.^g ^ ^

during I860 in same account J
'

Special Expenditure during 1861 to be met out") „nn _ n
of the Bequest-fund /

JUU U

406 17 3

£2332 14

JOSEPH PRESTWICII, Treas.

Feb. 11, 1861.



the Year 1861.

EXPENDITURE ESTIMATED.
£ s. d. £ s. d.

General Expenditure

:

. Taxes and Insurance .'. . . 40
House-Repairs £50 \ jgn n q

„ special Expenditure =£100 J

Furniture 50
Fuel 35
Light 35

Miscellaneous House-expenses 50
Stationery 30
Miscellaneous Printing, including Abstracts .... 40
Tea for Meetings 30

460 O O

Salaries and Wages

:

Assistant- Secretary 200

Clerk 75

Mr. Nichols (remainder of donation) 70

Assistants in Library 81

Porter 90
Housemaid 40
Occasional Attendants 20
Collector 26

Library : Ordinary Expenditure 50 O O

„ Special Expenditure* 50 O

602 O

100
Museum : Ordinary Expenditure 50

„ Special Expenditure* 50
100.0

Diagrams at Meetings 5 O O
Miscellaneous Scientific Expenditure 13

Publications : Quarterly Journal 650
Transactions 10

„ Geological Map, special expendi- '

ture* ,. 100
760

£2040
292 14

.£2332 14

* The " Special Expenditures " included in this Estimate
refer to charges to be met out of the Grcenough and Brown
Bequest-fund, should the Council consider, from time to

time, such expenditure advisable.





PROCEEDINGS

AT THE

ANNUAL GENERAL MEETING,

15th FEBRUARY, 1861.

Award op the Wollaston Medal.

After the Report of the Council had been read, the President,

Leonard Horner, Esq., F.R.S. L. & E., delivered to the Foreign
Secretary, William John Hamilton, Esq., F.R.S., as representative

of Professor Bronn of Heidelberg, the Wollaston Medal, addressing

him as follows-:

—

. Mr. Hamilton,—The Council have awarded the "Wollaston Medal
to Professor Bronn of Heidelberg, for his long-continued and suc-
cessful labours in- aiding the progress of geological science in general,

and more particularly for the assistance he has afforded to the
progress of palaeontology by his ' Index Palseontologicus,' and espe-
cially by his last work, on the " Laws of Development of the Organic

1

World."

A very wide range of subjects is embraced in his numerous publi-

cations, which extend over a period of nearly forty years. Among the

earner ones I may refer to his 'Travels in 1824-1827 in Switzer^

land, the South of Prance, and Italy,' in which many important
topics of Natural History and Geology are treated of. These were
followed, in 1831, by a 1 description of the Italian tertiary formations

and their fossil shells and other organic contents. I may next
mention the well-known ' Lethgea Geognostica,' which has gone
through three editions since 1834, and which was followed by those

most useful volumes called the ' Index Palaeontologicus, or Review
of all known Possil Organisms,' prepared with the co-operation of

Professor Goppert of Breslau and of Hermann von Meyer of Frank-
furt. The compilation of this work, however laborious, must have
been beneficial, not only to the public, but to the author himself, by
obliging him to study that vast store of materials on which he has

since generalized with so much originality and success in several

treatises on the philosophy of paleontology. It is impossible to
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overrate the importance of that work to the geological student, or

the difficulty of its compilation, in arranging and comparing the

numerous organic remains described by different persons in different

places, and in giving due precedence to the numerous synonyms
"which have been introduced.

In relation to his theoretical speculations on the plan of creation,

as deduced from geological data, and from the present state of the

natural world, I may in particular advert to his treatise entitled

' Investigations of the Laws of Development of the Organic "World,

during the period of the Formation of the Earth's Surface,' to which
a prize was awarded in the year 1857 by the French Academy,—the

subjects proposed having been, " first, to examine
i
the laws of the

distribution of fossil organic bodies in the different sedimentary for-

mations, according to the order of their superposition; secondly,

to discuss the question of their successive or simultaneous appearance

or disappearance ; and thirdly, to inquire into the nature of the

relations between the existing state of the organic world and its

anterior states." In that remarkable work we are presented with a

series of tabular views, exhibiting the numerical distribution of

fossil genera and species, both of plants and animals, as they appear

in the successive stratified formations of the earth's crust, capable

of serving not only as statistical documents of the highest value to

illustrate a theory of the development of life, but also as a standard

to which future palaeontologists may refer when they desire to know
the point which their science has reached in our time. In the same
work the Professor has endeavoured to show that a progressive

advance towards the perfection of animal and vegetable forms and

attributes has kept pace with a parallel and equally gradual improve-

ment in the external conditions of life, or in the habitable state of

the globe.

Professor Bronn supposes that there has been a passage from a

thalassic and insular to a continental state of the globe, in which
high mountain-chains and large areas of land separated by inter-

vening seas have been formed, and that during those changes a

contemporaneous development of the organic world has been going

on, from the most simple and imperfect to the more complex and

perfect—a progress equally
,

displayed by plants and animals,—the

acotyledonous, for example, having preceded the dicotyledonous

plants, and the marsupial mammaLs of the oolite having appeared

before the placental forms of the tertiary period. Tbis relation of

the continued improvement in the physical state of the earth and

the concomitant changes in organic life Professor Bronn calls the

tqrripetal law. "Without pretending to offer any opinion on these

difficult problems, to which my own studies have not been directed,

I. may observe that we should he lost in the contemplation of the

multiplicity of facts already accumulated respecting the past history

and present state of the organic and inorganic worlds, were they not

presented to us in a connected view by the aid of some such bold

and comprehensive theoretical speculations, which are the more

interesting when we consider their bearing on ^Ir. Darwin's views,
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since published, " On the Origin of Species," which, though di-

stinct and independent, have a close connexion with the theories

which Professor Bronn has treated with so much ability.

Mr. Hamilton replied as follows :

—

Mr. President,—It is with great satisfaction that I receive at your

hands the Medal which has been awarded to Professor Bronn by
the Council; and I shall have much pleasure in forwarding it to

my learned and distinguished friend, with whom I have been inti-

mately acquainted for many years, and whom I have always found

willing to impart his information in the kindest and most liberal

manner. You, Sir, have so fully expatiated on the merits of

Professor Bronn, that it is unnecessary for me to occupy the time of

the meeting in saving more on that subject ; I shall therefore con-

fine my observations to a brief notice of what Professor Bronn has

written to me in the letters in which he requested me to receive the

Medal for him.

In the first place, he has requested me to express his thanks to the

Council for the great honour done to him by this award—an honour
all the more remarkable in consideration of the many other distin-

guished individuals whose names were brought forward as candidates

on this occasion. He then observes, with regret, that he has no
practical field for his geological and palaeontological exertions. He
cannot travel and make discoveries ; he has not even the use of a

public collection ; and he is restricted to his own means, and these

are small. He trusts that, by his publication of the ' Index Pala?-

ontologicus, and ' Lethaea Geognostica,' he has given to others some
assistance in prosecuting more extensive studies ; and finally he ob-

serves that he has laid down the results of his own studies, in two
works, one of which obtained the prize offered by the French
Academy ; the other, entitled ' The Gradual Progress of Organic
Life, from the Bock Islands of the Ocean to the Continents,' is an
Appendix to the " Law of the Terripetal Development of Organic

Life in Geological Time," which he had established in the above-

mentioned Prize Essay. I may add that, as the result of these laws,

one of which is dependent on the outward conditions of existence,

and the other is the effect of an independent creative force, Professor

Bronn has endeavoured to show that in proportion as, first rocky
islets, then groups of islands, mountain-chains, and finally large

continents were raised above the level of the sea, a corresponding

progression of organic life from less to more perfect forms was
gradually called into existence.

In conclusion, I will only say, Sir, that, while again expressing

Professor Bronn's sincere thanks for the distinguished but (as he
says) unexpected honour which has been conferred upon him by the

Council, I shall take the earliest opportunity of forwarding to him
this mark of the Council's approbation of the eminent services

which he has rendered to geological investigation.
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Award of the Wollaston Donation-fund.

The President next addressed Sir Roderick Mtjrchison, as the re-

presentative of M. Daubree, in the following terms :

—

Sir Roderick,—You are aware that the heqtiest of Dr. Wollaston

enables the Council each year to bestow a second mark of distinction,

but in another form, in order to show their sense of some valuable

service rendered to geological science, and generally to aid researches

in progress which involve considerable expense,—the sum at their

disposal being, however, by no means a measure of the value they

attach to the researches. On the present occasion, they have made
this award to M. Daubree, Dean of the Faculty of Sciences at

Strasburg, Professor of Mineralogy and Geology in that Faculty, and
a Chief Engineer of Mines ; and I have to request that, as his

personal friend, you will convey to him this testimony of the

interest we take in those his researches, which have hitherto been
attended with very important results.

The words of the award are these :—" to aid in the prosecution of

synthetic experiments similar to those of which he has recently

given an account, and which he has intimated his intention of con-

tinuing, with the object of throwing light upon metamorphic action."

But it is not only as an eminent chemical philosopher that M.
Daubree has an extensive reputation in his own and in foreign

lands ; he has long made valuable contributions to geology by other

works. His publications date from the year 1836 ; since which time,

besides sixteen memoirs on the analysis of minerals and other

subjects of chemical geology, we have had from him a Geological

Map of the Department of the Lower Rhine, accompanied by an
octavo volume of 500 pages with 111 figures, descriptive of its

geology and mineralogy ; ' Observations on the Ancient and Modern
Alluvia of a part of the Basin of the Rhine ;' ' On the Erratic

Phenomena in the North of Europe and the Recent Movements of

the Land in Scandinavia ; '
' Observations on the Quantity of Heat

employed to evaporate Water at the Surface of the Globe,' and
' On the Dynamic Force of the Running Waters of the Continents ;

'

and no less than twenty minor memoirs on miscellaneous geo-

logical subjects, succeeded by his ' Observations on Metamorphism,
and Experimental Researches on some of the Agents which may
have produced it

;
' and lastly, his important work, a copy of which

he has recently presented to this Society, entitled, ' Studies and
Synthetic Experiments on Metamorphism,' to which I shall have

occasion to refer in the course of the address I am about to deliver.

Sir Roderick Mtjrchison replied as follows :

—

Sir,—I have listened with great satisfaction to what you have
said (and so well said) in relation to the meritorious services of

M. Daubree, and I have a true satisfaction in being made the

medium of transmitting to him the proceeds of the Wollaston Fund.
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I am convinced that on no preceding occasion have these proceeds

been awarded to a person who by his researches more completely

realizes the design and object of the illustrious testator.

Seeing that M. Daubree is continuously engaged in the prosecution

of that branch of experimental science which geologists most call

for, and knowing that he has already thrown great and important

light on some of the most occult processes of nature in the meta-

morphism of rocks, I may take the liberty of saying that I hope

the notice we now take of such labours may be but the prelude to

our speedy enrolment of this distinguished man among the Foreign

Members of the Geological Society.

THE ANNIVERSARY ADDRESS OE THE PRESIDENT.

I congratulate you on the favourable position of the Society which

the report from your Council has presented to you. Although we
have to lament the deaths of many of our Eellows during the past

year, I have not to read to you such a melancholy list as you heard

from this chair at our last Anniversary, of the names of many of our

associates eminent in science taken away from us in a single year

;

for our sorrow has been aggravated by the decease of but a few of

those from whom future valuable contributions to the advancement

of our science might have been looked forward to with confidence.

The Eev. Professor Baden Powell died last June, at the age of sixty-

three. He took first-class honours at Oxford in 1817, became a Fellow

of the Royal Society in 1824, and in 1827 was appointed Savilian

Professor of Geometry in the University of Oxford, an office which
he retained to the time of his death. He was elected a Fellow of

this Society in 1837, and was a frequent attendant at our evening

meetings
;
and, although chiefly known for his labours in physics,

and especially in Light and Heat, he contributed much, by a variety

of writings, to the general acceptance by the public of the results of

geological investigations. He had worked but little at field-geology;

but his unusual grasp of mind and habits of industry enabled him,

whilst closely engaged in other branches of science, to keep pace

with the recent observations and current literature of geology,

especially on the great general questions in our science the most
attractive to a philosophical mind.

The fruits of these studies were embodied in numerous articles in

reviews, and in a series of works devoted, in great part, to inquiries

into the relations between physical science and religion. Such were,
' The Connection of Natural and Divine Truth, 1838 ;

' < Essays
on the Spirit of the Inductive Philosophy, &c.,' 1855 ;

1 The Unity
of Worlds and of Nature,' 1856 ; ' The Order of Nature," 1859.
In the latter work there is a most interesting sketch of the progress

of geology, from which I am tempted to quote the following ad-
mirable passage :

—" The evidence of the true influence and progress

of philosophical principles in this grand department of science

—

grand in itself, but more transcendently bo in relation to the



XXxii PROCEEDINGS OP THE GEOLOGICAL SOCIETT.

' cosmos,' as carrying back the dominion of physical law through

the abysses of past time—in its earlier stages was found where
perhaps we might least have looked for it—among the Italian writers.

The mantle of Galileo descended, in some measure, on Vallisneri and
Moro, and more amply on Generelli, though a Carmelite monk.
We here perceive perhaps the first great advance in true philo-

sophical ideas of geology, and the anticipation and prototype of the

real inductive independent views of Hut'ton and Lyell, under the

vivifying influence of whose principles the English school of

geologists is but now beginning to cast off the lingering remnants of

its hereditary bondage to mystical paroxysms, occasional recurrences

of chaos and creation, subversions and renewals of the order of

nature, and miraculous originations of new species out of nothing—
in a word, the spirit of invoking the supernatural to cover our ig-

norance of natural causes*."

His broad and liberal views, and his fearless assertion of the truths

to which he was conducted by reasoning on facts, exposed him to

the shafts of prejudice and bigotry, the more envenomed from the

fact of his being himself in Holy Orders. But, although conscious

that he was thereby putting a bar on his prospects of worldly ad-

vancement, he continued to the end to work steadily in the course

which his conscience dictated, satisfied that at a later day justice

would be rendered to his arguments. He was at the same time

ever ready to give to his opponents the same credit for that sincerity

of belief and honesty of purpose by which he, doubtless, felt he was
himself actuated, and to which we all know he might justly have
laid claim.

His lucid style, philosophical tone, and extensive learning

secured for him, as a writer, the sympathy and support of the

friends of intellectual progress, whilst his private friends had to

admire his constant readiness to assist and instruct, his lively in-

terest in and great acquaintance with most branches of knowledge,

his skill as a musician and draughtsman, and his unassuming kind-

ness of disposition. For many years he formed one of a small band at

Oxford who kept alive the study of the physical sciences] during a

season when they were not regarded with so much favour as at the

present day ; and when, in 1850, he was appointed to be one of the

Oxford University Commissioners, he had the satisfaction of aiding

to introduce some of those modifications which have now given the

physical sciences a recognized position in the system of studies

adopted at the University.

Peter Jonx MAairsr, Esq., of Pulborough, Sussex, was elected a

Eellow of this Society in 1833, and died last May, aged seventy-four.

Established as a medical man in the Valley of the Arun, Mr.
Martin had two favourite holiday-studies, which he continually

pursued, as an antiqaarian and a geologist. Of his researches in the

history of the Eoman Roads, and in other archaeological subjects,

his antiquarian friends are well aware ; and accounts of them have

* Order of Kalure, p. 1G1.
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been published. Of his geological studies there are records in the

Proceedings and Journal of this Society, in the ' Philosophical Ma-
gazine,' and especially in an independent memoir, published in 1838,

entitled a ' Geological Memoir on a part of Western Sussex,' &e.

The geological structure of the picturesque country around his

residence at Pulborough early attracted Mr. Martin's attention ;
and,

following up the labours of Sedgwick, Fitton, Webster, Mantell,

and Murchison, who had already in great part elucidated the his-

tory of the Upper Secondary Pocks of Sussex, Hampshire, and the

Isle of Wight, Mr. Martin was enabled to throw still more light on
the nature and relations of the Chalk, Firestone, Gault, Shanklin

Sand, and Weald Clay of Western Sussex. In doing this, he gave

greater distinctness to the features of the " Weald Clay " than had
hitherto been recognized, and he particularly drew attention to the

nature of the valleys and ridges in the Wealden area, considering

the valleys to have been fissures produced by the elevation and
consequent fracture of the strata, and that the drainage-system of

the country follows these lines of fissures to their outlets through
the North and South Downs. These points are treated in detail in

the memoir above alluded to, where also the effects of the de-
rangement of strata in the production of certain valleys (valleys

of elevation, (fee.) are largely illustrated, comprising the phenomena
of " outliers-by-protrusion," or " inliers " as they are now termed
(by the Geological Surveyors) ; and the contemporaneous or imme-
diately consecutive diluvian action affecting a region so disturbed was
also an important subject of his consideration. The relations of

the London and Hampshire basins, as trough- or basin-shaped con-

tortions of the strata, were a favourite subject with Mr. Martin

;

and observations on the anticlinal line of these basins were pub-
lished from time to time in the ' Philosophical Magazine.' The most
elaborate of this series of 1 Observations ' was read before the Geo-
logical Society in 1840 ; but the MS. was mislaid, and not again
found until 1848, three years after which it was published by its

author, with additional matter, in the ' Philosophical Magazine.' It

contains a large amount of information respecting the strata and
lines of elevation and dislocations of the Wealden rocks, and also

on the different zones of drift (gravel, pebbles, and loam) which are

recognizable along the several concentric escarpments in that area,

and which Mr. Martin referred to the diluvial currents consequent
on the upheaval of the Wealden area.

In 1855 Mr. Martin gave the Society a note on his views of the

relations of the gravels of the Sussex coast to the drift of the in-

terior of the Wealden area, stating his belief that they belong to an
outer zone of drift due to one stage of the Wealden elevation, and
probably an early one.

In 1856 he still pursued his favourite researches into the nature
of the diluvial phenomena of the Wealden and of the elevation and
denudation of strata generally, as shown by his papers in the
' Philosophical Magazine' for 1856 and 1857 ;

and, although failing

health began to show itself, his energies were not weakened in this

vol. xvii, c
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Ms favourite study. Even in the spring of 1860 lie was still en-

gaged with this subject, and hut a few days hefore his decease he
sent a letter on raised beaches to an old friend.

Johann Eeiedkich Ltjdwig Haesmakist, who was elected a Foreign

Member of this Society in 1829, died at Hanover, his native town,

on the 26th of December 1859, in the 78th year of his age. He
had no sooner completed his academical education than he devoted

himself to the prosecution of geological science. In 1807 he made
a geological tour in Denmark, Norway, and Sweden ; in 1809 he
was placed at the head of a Government Mining Establishment in

the then kingdom of "Westphalia, and during his administration of

it he established the School of Mines at Clausthal in the Harz
Mountains. On the death, in 1811, of the celebrated Beckmann,
Professor of Technology and Mining in the University of Gottingen,

Hausmann was appointed his successor, with which professorship

Was soon afterwards conjoined that of Mineralogy and Geology,

offices which he filled with unremitting zeal and with acknowledged

success until within a few months of his death. During his vaca-

tions, he followed up his geological studies in England, Erance,

Spain, and Italy. He was the author of a vast number of treatises

on Mineralogy, Geology, and Technology, and held a distinguished

place among the scientific men of Germany. On the death of the

renowned Blumenbach, he was appointed Secretary of the Royal
Academy of Sciences of Gottingen, which he continued to be to the

time of his death.

It was in the year 1828 that Dr. Eitton, who had been elected

the President of this Society at the preceding Anniversary, first in-

troduced the custom of an address being delivered from the Chair

at our Annual General Meetings. In the then existing circum-
stances of the Society, and for the next fifteen years, when a long-

time usually elapsed between the reading of a paper and its publi-

cation in our Transactions, a review of the proceedings of the past

year was interesting and useful. But our Quarterly Journal gives

so full and early* an account of the papers read, that it is now un-
necessary for your President to occupy your time with such a review.

I therefore propose to pass them over, and to bring under your
notice some of the more prominent objects that have occupied the

attention of geologists in recent times, and which must long con-

tinue to do so, while we endeavour to arrive at a true Theory of

the Earth.

The Geological Survey of the United Kingdom claims, however,
my first attention ; for I think that, without being open to the

charge of arrogance, we may say that it is an offspring of this So-

* A paper by Professor Nicol, which now occupies twenty-nine pages of our
Journal, with fourteen illustrations, was read, referred, printed (the woodcuts
engraved), and published between the 5th of December and the 1st of February
last.
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ciety. The nation is mainly indebted, for the advantages it has

already and will hereafter derive from that institution, to the genius,

activity, and practical judgment of one of the most accomplished

geologists of the time in which he lived, and for many years a
leading Member in this Society, Sir Henry De la Beche. It has, to

a great extent, the same objects as we ourselves have—the promo-
tion of geology in a strictly scientific point of view,—but with powers
far exceeding any that we possess, in its numerous staff of able men
devoted to the pursuit in all its branches, and with the command of

extensive means supplied by Government. But it has other func-

tions of vast importance, in the development of the mineral treasures

of our country, which, until this Government School oe Mines was
established, was, with few exceptions, left in the hands of uneducated
persons, the so-called practical men,—a system far from being yet

laid aside, and in strong contrast with that of Germany and Prance,

countries far less abounding in mineral wealth, where Schools of

Mines have long existed. Such insensibility to the importance of

the culture and encouragement of science on the part of our Govern-
ment and the other Members of the Legislature, in a country like

ours, which has had such ample experience of the benefits derived

from its practical application, can only be accounted for by the

physical and natural sciences having formed no part of their educa-

tion. The evil effects of this absence of a just appreciation of science

have of late years been considerably lessened ; and there are good
grounds for hoping that they will ere long entirely disappear.

My inquiries, at the Museum in Jermyn Street, as to the progress

made by the Survey, and the works connected with it, during the

last year, were most readily responded to by the able and zealous

Director-General, and by all the gentlemen of the establishment,

from whom I sought information. The contributions it has made
to the science of geology, rather than to practical questions, more
especially belong to this address ; and most gladly would I have
endeavoured to lay before you some account of them; but to do so

in any intelhgible manner would have led me far beyond the limits

which I must observe in order to notice other subjects to which I
wish to draw your attention. Among the most interesting, how-
ever, I may particularize the work commenced personally by Pro-
fessor Bamsay, and afterwards accomplished, under his superin-

tendence, by his able assistants, Mr. Geikie and Mr. Howell, in the

Lothians. On two sheets of the 1-inch scale Ordnance Map are

delineated the geological features, singularly varied and impressive

in so limited an area, of the Silurian, Devonian, and Carboniferous

strata, with the numerous varieties of felstone, porphyry, and trap,

imbedded and intrusive. No one can examine those maps without
feeling impatient for the publication of the memoirs explanatory of

them, one of which is now in the press. There can be few districts

which it would be more interesting to an experienced geologist to

travel over, or one more advantageous to a learner to explore and
study. I can testify to the great addition to our knowledge, theo-

retical and practical, which is given by these maps ; and I feel

c2
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assured that my old friend, Mr. Charles Maclaren, who first correctly

pointed out the great geological features of the country round the

Scottish metropolis, will heartily join me in applauding the results

of the recent researches of the Government Surveyors.

When I inform you that during the past year accurate surveys

have been made in England of 832 square miles of Tertiary and
Wealden formations, 40 of Oolitic rocks, 413 of Coal-measures,

Magnesian Limestone, New Eed Sandstone, and Marl,—and in

Scotland, 241 of Coal-measures, Old Eed Sandstone, and Silurian

rocks—you will readily believe that a vast mass of facts of the

highest interest to geological science will be brought to light so

soon as the maps, sections, and reports on those surveys are pub-
lished.

Of information to be derived from publications by the Survey

in the last year, we have five memoirs descriptive of coloured sheets

of the Ordnance 1-inch scale Map of England, previously published

;

four additional coloured sheets of the same map, comprising 1700
square miles ; besides four sheets of the Lancashire Coal-fields on a

scale of 6 inches to a mile ; and 53 miles in England, and 48 miles

in Scotland of longitudinal sections, on a scale of 6 inches to the

mile. Other 6-inch-scale maps of the Lancashire and Edinburgh
coal-fields are nearly ready for publication.

To those who can visit the Museum in Jermyn Street, many ad-

ditional opportunities for the careful study of fossils have been

supplied by the labovu-s of Professor Huxley, Mr. Salter, and Mr.
Etheridge ; and a second edition has been published of the veiy

instructive descriptive catalogue of the rock-specimens, drawn up
by Professor Eamsay, and, under his superintendence, by Messrs.

Bristow, Bauerman, and Geikie.

The information I got at the Mining Eecord Office, most obligingly

given to me by Mr. Eobert Hunt, the keeper, relating to mineral

statistics of various kinds, hardly comes within the range of our

inquiries in this place. One fact I learned which was somewhat
startling, namely, that the drain upon our coal-fields now amounts
to 72 millions of tons per annum. Calculations have recently been

made by Mr. Hull, one of the surveyors, that with an annual drain

of 60 millions of tons, our coal-fields will be exhausted in a thousand

years. Let us hope that our School of Mines will ascertain the

existence of deep-seated beds, such as that in Nottinghamshire,

made known to us by the perseverance, under great discourage-

ments, of his Grace the Duke of Newcastle, to allay our anxiety

for the fate of our remote successors.

You are probably aware that the Geological Survey of Ireland is

placed under the superintendence of a Local Director, assisted by a

staff of District Surveyors, and that there arc distinct volumes of

memoirs, with Ordnance Maps, for that part of the United Kingdom,
and a Museum of Practical Geology in Dublin. Mr. Beete Jukes,

the Local Director, has been so obliging as to supply me with full

information respecting their proceedings in the past year.

The great features of the geology of Ireland have for some time
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been known by the map of Sir Richard Griffith—a rare combination

of geological knowledge and persevering industry for one individual

to have produced. But, with few exceptions, and those principally

in the northern part of the island, little had been known of those

minute details of structure which the advanced state of geology

requires. The required closer examination has been for some time,

and is now, in active progress, in conformity with a general plan ema-
nating from the Director-General of the Geological Survey of the

United Kingdom, worked out in its details under the superintend-

ence of Mr. Jukes, of whose eminent fitness for the task, by scientific

acquirements, experience in the field, and untiring energy, you are

well aware,—aided as he is by very competent surveyors.

The Ordnance Map of Ireland, on the scale of 1 inch to a mile, is

divided into 205 squares of equal dimensions ; and each square will

be published as a separate sheet. Of those sheets, twenty-seven
geologically coloured have already been published, and twenty-one
are nearly ready. Each sheet (or each small group of sheets, when
it is advisable to unite them) will be accompanied by a printed ex-
planation in 8vo form, containing, first, an account of its physical

geography, showing the form of the ground, the heights of the chief

points, the mean level of its plains, and the levels at which the prin-

cipal rivers enter and leave, that are included in the sheet
;
secondly,

a brief general account of the sedimentary formations and eruptive

rocks, with a general sketch of the internal structure
;

thirdly, a

sketch of the relation between the form of the ground and its in-

ternal structure ; and fourthly, palceontological notes on the most
remarkable fossils. After these come " Detailed Descriptions,"

giving an account of the observations made, the places where quarries,

pits, sections, &c. may be seen, and as much of the field-notes as

will guide any one who wishes to examine for himself and verify

the observations of the surveyors, together with notes of the mi-
nerals, mines, drift, and bogs ; and woodcut-illustrations are given

with the text. There are, moreover, sheets of longitudinal and
vertical sections, having only the observed data engraved. It is

further intended, when all the sheets are finished, to have condensed
memoirs on large districts.

In these ' Explanations ' there is necessarily much repetition ; but
they contain so great an amount of valuable contributions to geo-
logical science in the strict meaning of the term, that, as a general

work, they will well reward an attentive perusal. One of the most
striking features described is the great extent of the surface that is

covered by drift, its vast thickness, and the great height at which it

is found in many places.

Although not connected with the Geological Survey of the United
Kingdom, that now in progress in our Indian Empire is so similar

in its organization, that it is to be reckoned as one of the great

associations through which the sons of Britain are contributing

their share to the advancement of geological science.

It is now ten years since Mr. Oldham, the Superintendent of the

Geological Survey of India, arrived in Calcutta, with the excellent

preparation of having been Professor of Geology in Trinity College
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Dublin, and afterwards Local Director of the Geological Survey of

Ireland. But so great were the difficulties with which he had to

contend at the outset, and for a long time afterwards, that little

more than four years have elapsed since he was able to establish

that regular system of operations by which alone any sure progress

could be made on a truly scientific basis. Before this, to clear the

ground of difficulties and obstacles was the indispensable work.

Although receiving from all in authority much support, the leading

notion of the kind of work for him to do was, to go from place to

place, and, without loss of time, to try to discover coal and other

minerals of economic value. You are probably acquainted with the

first volume of the 'Memoirs of the Geological Survey of India,'

which appeared in 1859, containing nine treatises—four by Mr. Old-

ham himself, the others by different gentlemen attached to the Survey

—accompanied by numerous maps on a large scale and many illus-

trations. A second volume has just been issued from the Calcutta

press, containing, a memoir on the northern part of Bundelcund, by
Mr. Henry Medlicott ; a very extensive one on the central portion

of the Nerbudda district, by Mr. Joseph Medlicott ; and one by Mr.
Oldham, " on the Geological Belations and probable Geological Age
of Bocks in Central India and Bengal." In a letter which I re-

ceived from him, dated last December, he states—"You will at

once see that we have been compelled to establish several new
groups to receive (provisionally) the various rocks we have had to

deal with. This has been necessary as well as useful, inasmuch as

for many, and these some of the most widely extended and most
important groups of rocks, we had no definite horizon from which

to work either up or down. Over thousands and tens of thousands

of square miles we have not found a fossil,—some vegetable remains

affording, at the best, imperfect evidence. The richly fossiliferous

rocks of the Himalaya and Sub-himalaya are widely separated from

all the rocks of the peninsula by the broad expanse of the alluvium

which unites the valleys of the Ganges and Indus; and we are

therefore unable to trace out any superposition."

Mr. Oldham has sent me thirty-five folio plates of the fossil flora

of the Bajmahal Hills, executed in lithography in Calcutta. He
was told that such work could not be executed in India ; but he

is not a man to be frightened by difficulties : risking a consider-

able personal outlay for stones, presses, and paper, he persevered,

undaunted by early failures, and succeeded. Another proof of his

energy is the Museum of Practical Geology in Calcutta, and the Geo-
logical Library attached to the Survey. When we consider the vast

range of country over which the survey extends, and the serious ob-

stacles to field-work in such a climate, we cannot too greatly admire

the devoted zeal displayed by Mr. Oldham and the gentlemen who
conduct the surveys under his superintendence. It is to be hoped

that Annual Beports, such as that presented by Mr. Oldham last year,

setting forth the many excellent works which cannot fail to have

the most beneficial influence upon the material prosperity of the

Indian Empire, will secure the zealous and liberal support of its

Government. Let us also hope,- for the sake of our science, that a
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field so sure to yield facts of the highest interest will long continue

to be explored by men as worthy of confidence in their ability as

those to whom the great trust is now confided.

The last year has been signalized by the publication of the re-

markable work of Mr. Darwin, ' On the Oeigest oe Species/ which
has excited no ordinary degree of attention both at home and
abroad. I do not presume to offer any opinion on its merits, be-

cause my previous studies have not been of a kind to qualify me to

be a competent judge. But no one, however unprepared, can fail

to be struck with the truly philosophic modesty and candour of the

author. His acute and well-stored mind bad been directed to the

subject for more than twenty years, during which time he accumu-
lated a vast mass of facts, and had carried on numerous ingenious

experiments. These he has exhibited in detail before his readers,

and has calmly stated the conclusions to which they have appeared

to him to lead; and so far from stating those conclusions in any
spirit approaching to dogmatism, he has seen and even imagined the

objections which, as he himself says, might be justly urged against

his theory ; and in his replies he shows no desire for victory, unless

won by the arms of sound reasoning. It has been observed by a

critic of no ordinary power, by one eminently qualified to sit in

judgment on such a work, that " all competent naturalists and
physiologists, whatever their opinions as to the ultimate fate of the

doctrines put forth, acknowledge that the work in which they are

embodied is a solid contribution to knowledge, and inaugurates a

new epoch in Natural History." The writer adds, " our object has

been, in this criticism, to give an intelligible account of the esta-

blished facts connected with species, and of the relation of the expla-

nation of these facts offered by Mr. Darwin to the theoretical views

held by his predecessors and his contemporaries, and, above all, to

the requirements of scientific logic. We have ventured to point out

that it does not as yet satisfy all these requirements ; but we do not

hesitate to assert that it is as superior to any preceding or contem-
porary hypothesis in the extent of observation and experimental

basis on which it rests, in its rigorously scientific method, and in

its power of explaining biological phenomena, as was the hypothesis

of Copernicus to the speculations of Ptolemy. We should leave a

very wrong impression on the reader's mind if we permitted him to

suppose that the value of this work depends wholly on the justifica-

tion of the theoretical views which it contains. On the contrary,

if they were disproved tomorrow, the book would still be the best

of its kind, the most compendious statement of well-sifted facts

bearing on the doctrine of species that has ever appeared." If

common report and intrinsic evidence are to be relied upon, the

author of the above criticism is no less a person than our distin-

guished Secretary, Professor Huxley.
There are two chapters, however, in the work, upon which I

venture to offer this opinion, that it becomes almost a duty of the

President of this Society, on an occasion like the present, to recom-
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mend to the careful study of geologists. I refer to Chapter IX., " On
the Imperfection of the Geological Record," and to the folloAving

chapter, " On the Geological Succession of Organic Beings." They
will do well to study with great attention their valuable contents.

They will there be taught a most useful lesson of the caution to be

exercised in drawing conclusions from organic remains which may
involve the grave questions of the age and correlation of formations

;

and when disposed to name an imagined new species, they will be

reminded that " naturalists have no golden rule by which to di-

stinguish species and varieties," and they will learn to pause until

they feel assured that no sources of mistake have been overlooked.

It would be both useful and interesting if the annual Presidential

Address were to contain a summary of the most prominent geological

memoirs contained in the Transactions and Journals of foreign

countries ; but the field over which the researches in geology now
extend is so vast, that it is beyond the power of any individual to

give even a brief sketch of the labours, in a single year, of its more
eminent foreign cultivators. Were the limits within which an ad-

dress of this kind ought to be confined in itself no obstacle, there is

the manifest impossibility for any one individual to possess that ac-

quaintance with what has been done in the past year in chemistry,

mineralogy, physics, botany, and zoology, which would enable him
to touch upon even the salient points in those branches which bear

upon our science ; and, as you are aware, geology lays every one

of them under contribution. But although a review of our own
proceedings be unnecessary, and a summary of the labours of foreign

cultivators of natural science be impracticable, our annual meetings

are fit occasions for calling the attention of our Fellows to some of

the more important subjects which have more recently occupied the

attention of geologists. Among those, the researches in what may
appropriately be called Chemical Geology occupy a prominent place.

The application of chemistry to the explanation of geological phe-

nomena has hitherto received more attention on the continent than

with us. The greater features of the earth's structure and palaeon-

tology in its various branches have, with few exceptions, been the

chief study of British geologists. When organic remains no longer

present themselves in the older formations, or are nearly obliterated

in the newer, the term metamorphic has become very current ; but

the origin of metamorphism (that is, the exciting causes of the mole-

cular actions by which it could have been brought about in accord-

ance with known chemical laws) has rarely been a subject of in-

vestigation with us. Metamorphism must, in every case, be the

result of chemical action ; and we can only arrive at a just concep-

tion of the processes by which the various forms under which it

presents itself could have been produced, by illustrations afforded by
experiments in the laboratory, under the guidance of an accurate

acquaintance with chemical agencies and the laws of combination

among mineral elements. So also it is only by the same safe

guidance that we can hope to arrive at a right knowledge of the
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nature of the eruptive rocks, of the changes which nearly all the

stratified rocks, of all ages, have more or less undergone since their

constituent detrital parts were first deposited, whereby loose mud
and sand have been converted into hard and often crystalline rocks,

of the formation of the accessory simple minerals which many of the

strata include, and of the complex phenomena of mineral veins. In
the whole range of palaeontology even, there is scarcely a single

organism that exists in its pristine state ; neither shell, bone, nor

plant remains in the condition it was when first entombed. The
great problem, by what process vegetable matter has been converted

into bituminous coal, is still unsolved. Not only in early times, but
even at no distant period, it has not been uncommon for geologists

to build up theories by invoking the aid of chemical solutions and
vapours, without even an attempt to show that such agencies were
even possible. It will doubtless be ever impossible for us to subject

substances to operations in our laboratories more than resembling in

kind those which we suppose them to have undergone in the interior

of the earth, in order to produce metamorphism, or to form eruptive

rocks and mineral veins ; we can never know the effect of processes

continuing under enormous pressure for thousands of years ; but we
may obtain results, on a small scale, so closely resembling, indeed

often identical in composition and form, natural productions, as to

entitle us to infer that the processes of nature have been analogous

to those which we have employed.

The celebrated experiments of Sir lames Hall, more than half a
century ago, on the effects of heat modified by compression, may be
said to have formed an epoch in the history of theories of the earth.

They were undertaken for the purpose of testing the soundness of

the theory advanced by Hutton, that rocks, including limestone, had
been consolidated by the effect o£ heat under powerful compression,

which he had been accustomed to discuss with that illustrious philo-

sopher. Hall, then a young man, was not convinced by the argu-
ments of his master in geology, and especially as they applied to

carbonate of lime, a substance, which, as he said, every limekiln

showed to be changed in its nature by heat. But fearing that the

results of the experiments he was contemplating would not confirm

the bold hypothesis, from tenderness for the then declining health of

the amiable old man, he postponed them until after his death in

1797. He was patient in his researches ; for they were carried on
for several years, and amounted, as he states, to the large number
of 156. He was no less cautious in drawing his conclusions

; for,

although the results he was obtaining were known to Playfair and
his other geological friends, he first made them known to the public

by his memoir read before the Royal Society of Edinburgh on the
5th of June, 1805. His experiments, though varied in form, were
similar in kind. He subjected finely pulverized common limestone,

sometimes pulverized calcareous spar, enclosed in gun-barrels or in

tubes bored in masses of wrought-iron, firmly pressed down and
hermetically sealed, in a furnace to an intense heat. With regard
to the pressure, Sir James Hall states that he tried various amounts

:



xlii PKOCEEDINGS OF THE GEOLOGICAL SOCIETY.

52 atmospheres, equal to 1700 feet of sea
; 86, answering to nearly

3000 feet ; and 173, to 5700 feet of sea—that is, a little more
than a mile. The results were, that under the first of these pres-

sures the powder was changed into a compact limestone, under
the second to a marble, and under the last it underwent complete

fusion, and acted powerfully on other rocks. He states that on ex-
hibiting a specimen of the saccharoid marble to the workman he
employed to polish it, the man observed that, if it were a little

whiter, the quarry from which it had been taken would be of great

value.

The soiuidness of the conclusions to which Hall arrived has been

lately called in question by Dr. Gustav Rose, Professor of Geology
in the University of Berlin, in a memoir published in the ' Monats-
bericht ' of the Berlin Academy for July last, giving an account of

two experiments on the effect of a powerful heat on earthy lime-

stone enclosed in a gun-barrel hermetically sealed,—experiments so

far analogous to some of those of Sir James Hall. The barrel was
placed in a newly erected gas-furnace, in which the heat was suffi-

ciently great to melt easily large masses of platina. He describes

the changes which the earthy limestone was found to have under-

gone, and thus concludes :—" From these experiments it would
appear that chalk and compact limestone, when subjected to a high

temperature in a closed space, are not changed into distinct crystalline

spar, and that, as a general fact, rhomboidal carbonate of linie is not

formed by the so-called dry process. When the descriptions of Hall's

experiments, as well as those which Bucholz afterwards made with

the same object, are examined, it appears extremely probable that

the results were what the authors describe, but that they mistook the

hard-baked but unaltered chalk for crystalline marble. Although
those experiments of Hall have been so much quoted, as affording

an explanation of geological phenomena, and in support of theoretical

views, they have not received any confirmation from having been

repeated by others ; and the experiments of the present author show
how hasty the general conclusions were which were drawn from

them."
"With eveiy respect for my friend the Professor, I think that I

may turn round upon him and say that he has been somewhat hasty

in considering that his experiments prove that mistakes were made
by Hall in his descriptions of the results of his numerous experiments,

all agreeing while obtained in so many clifferent ways ; for the Pro-

fessor states that in both of his experiments the gun-barrel burst

(atwhat stage of the experiment, he does not say); and thus one of the

essential conditions in Hall's experiments was wanting, viz. continued

great pressure. I consider therefore that these experiments of Pro-

fessor Rose in no degree invalidate those of Hall, so long considered

to support, in no inconsiderable degree, the hypothesis of Hutton.

In 1816 Professor Hausmann of Gottingen drew attention to the

explanation of geological phenomena by observations on some products

obtained from smelting-furnaces. Among the most remarkable re-

sults of the condensation of the vapours of smelting-furnaces is the
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formation of crystals of felspar, which have been frequently found in

the copper-works of Mansfeld—the more remarkable as all attempts

to obtain them by direct fusion have hitherto failed. The first direct

synthetic experiments to obtain minerals artificially by igneous

fusion were made successfully by Berthier, followed in 1823 by
Mitscherlich. They obtained many crystallized simple minerals

identical with those of nature. These researches for a long time led

to the belief that fluidity by heat could alone have yielded such

results ; but within the last few years, and especially within a short

time, other researches have produced a conviction that water, com-
bined with heat and pressure, must have acted a very important

part in most of the operations ascribed to the action of heat and

pressure only, from the earliest periods of geological time.

That an enormous pressure must take effect, even at moderate

depths, is self-evident ; and that a very high temperature prevails in

the interior of the earth is proved by the existence of volcanos in all

parts of the earth, which from time to time pour forth streams of

molten incandescent rock ; and that a heat sufficient to keep rocks

in a fused or viscid state has existed from the earliest geological time

is made manifest by the veins and intruding masses of granite and
the other eruptive rocks that penetrate all formations, from the

oldest to the newest strata ; for the cone of trap that traverses the

Carboniferous rock and rises to the summit of Arthur's Seat, Edin-
burgh, is now believed to be of tertiary age. That this internal

heat is permanent is further demonstrated by the increase of tem-
perature as we descend from a short distance below the surface, in

all parts of the earth where the experiment has been made. We
have thus undoubted proof of the existence of two of the three great

active agents in the laboratory of nature, heat and pressure.

"Without assuming the existence of great internal supplies of

water or its elements, there can b'e no doubt that it must exist in

the interior of the earth to a vast extent. The amount of that

which is carried off by rivers must bear a small proportion to that

which, falling from the atmosphere upon the wide-extended surface

of the land, must be carried to great depths through porous rocks,

and by the innumerable cracks and fissures by which every rock is

more or less traversed. The existence of subterranean rivers and
.of accumulations of water at great depths is proved by artesian

wells
; and, as we know no limits to the downward extent of faults

and fissures, there is every probability that much of the water that

falls on the surface must penetrate to depths where a high tem-
perature exists ; as is shown by hot springs, the temperature of which
we know to have continued undiminished for centuries, and by the

enormous volumes of watery vapour poured forth by volcanos. It

probably reaches depths where the heat will bring it not only to the

boiling-point, but, under great pressure, to a far higher temperature.

According to the researches of Mr. Eobert Hunt, the rate of increase

of temperature, from about 100 feet below the surface, is 1° of Fahr.

for every 50 feet in penetrating through the first 100 fathoms ;
1°

for every 70 feet in the next 100 fathoms ; but when the depth ex-
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ceeds 200 fathoms, the increase is only 1° for every 85 feet of
depth*. Supposing the increase for greater depths to he at the
average rate of 1° for every 100 feet, the temperature of the melting-
point of cast-iron, viz. 2786° of Fahr.f, will exist at a depth of

somewhat less than 44| miles, that is -^th of the earth's equatorial

radius. A cuhic inch of water at 212° expands to nearly a cubic

foot of steam, or, more accurately, to 1696 times its volume. By an
addition of the pressure of one atmosphere, the mercury standing at

30 inches, the boiling-point is raised from 212° to 249° ; and by con-
tinuing the heat, without allowing the steam to escape, the boiling-

point rises still higher ; and the elasticity of the steam increases with
increasing rapidity as the temperature rises. By the experiments
of Begnault, it has been shown that by a pressure of

As the temperature rises by equal additions of heat, the increase of

elasticity is more rapid at high than at low temperatures. But it is

only when in contact with a body of water from which fresh steam
is constantly rising that the elasticity augments in this manner, and
thus produces a force sufficient to rend asunder the strongest vessels.

If dry steam alone be heated, it follows the law which regulates the

expansion and elasticity of gaseous bodies in general J. Thus, in-

dependently of the action of water as a constituent of mineral sub-

stances, we may, with every degree of probability, consider high-

pressure steam to have been the power which rent, shattered, and
elevated the sedimentary strata in all geological periods, which
drove the softer granites and trappean rocks into rents, and protruded

them to the surface, producing the jagged fractures of the upheaved
strata—that evident snapping of a hard substance, leaving splintered

ends and edges. " In the Alps of Switzerland and Savoy, we find the

most stupendous monuments of mechanical violence, by which strata

thousands of feet thick have been bent, folded, and overturned,

marine secondary formations upheaved to the height of 12,000, and
some eocene strata to 10,000 feet above the level of the sea§." To
what more probable agency than that of high-pressure steam can Ave

ascribe such effects ?

The powerful part which water has played in the formation of

minerals and rocks is shown in a very clear manner by Professor

Gustav Bischof of Bonn, in his elaborate ' Lehrbuch der Chemischen
und Physikalisehen Geologic,' in four 8vo volumes, the first published

in 1847, the last in 1855, showing a vast amount of indomitable

* Sorbv. Quarterly Journal of Geological Society, vol. xiv. p. 495.

t Millers Chemistry, vol. i. p. 194. J lb. vol. i. p. 250.

§ Ljell, Manual of Geology-, 5th ed., p. 621.
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perseverance in laborious research so peculiarly characteristic of his

countrymen. His recorded experiments extend over a period of

more than thirty years. His ' Lehrbuch,' even in the English trans-

lation in a condensed form (executed with the cooperation of the

author, under the auspices of the Cavendish Society), does not appear

to have received from the geologists of this country a due attention,

while he is constantly referred to as a high authority by the most

eminent geologists of France and GeiTnany.

The agency of water in the formation of minerals was shown nearly

forty years ago by Becquerel, who succeeded in obtaining by a humid
process galena, sulphuret of antimony, and other minerals occurring

in veins. M. Scheerer*, in an elaborate memoir on the plutonic

nature of granite, in 1846, on a review of the chemical and mechanical

constitution of that rock, and of the many accessory minerals it often

contains, and especially their different degrees of fusibility and the

different temperatures at which they crystallize, arrived at the con-

clusion that the various phenomena tbey exhibit, as simple minerals

and in combination as a rock, can only be explained by the com-
bined action of heat and water. He tells us that he began to study

the granitic rocks of Norway in 1833, fully impressed with a belief

in the plutonic (that is, the solely igneous) origin of granite, but

that the result of a most careful research was an entire overthrow

of his early creed, and that "l'idee la plus juste que Ton peut se

former sur l'origine de ces roches est celle qivi attribuerait aux deux
elements, a l'eau et au feu, une egale puissance creatrice." M. Elie

de Beaumont, in 1847, in his very instructive essay " Sur les ema-
nations volcaniques et metalliferes," brings forward numerous in-

stances which appear to him to prove the existence of water in the

constitution of eruptive rocks and mineral veins. Thus, while the

igneous fusion of granite is, in his opinion, proved beyond all doubt

by many phenomena that accompany it, he considers it to be no
less capable of proof that water must have entered into its compo-
sition while in that state. He observes that M. Scheerer of Chris-

tiania has given many reasons why granite in fusion must have
contained water, that it was in combination with it at the time of

its eruption, and that it was retained until after the final cooling of

the granite ; for many simple minerals containing water as a con-

stituent are found in that rock. M. de Beaumont conceives that

there is, in truth, no reason against believing that granite contained

water at the time of its eruption ; for the lavas of existing volcanos,

at the time of their ejection, contain a large amount of water,

which in part separates in the form of vapour, but is not entirely

dissipated for many years f. In treating of different kinds of

* Bulletin de la Soc. Geol. de France, 2de serie, vol. iv. p. 468.

t " Dans les exhalaisons volcaniques, il est un corps qui n'a pas tout d'abord
fixe 1'attention, parce que, sous 1'empire des idees anciennes, il semblait tout a,

fait inerte, surtout en presence des mineraux dont il s'agit d'expliquer la forma-
tion, mais auquel pourtant le premier role parait devoir etre devolu, dans les

phenomenes metamorphiques aussi bien que dans les eruptions des volcans: ce
corps c'est l'eau, qui se trouve dans ces exhalaisons, non en quantite minime,
comme les vapeurs, mais, au contraire, comme le produit a la fois le plus abondant
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quartz, he states that it is probable that water has played a part

in the formation of all of them*.
The powerful action of water at a high temperature, under great

pressure, upon mineral substances has been recently most satis-

factorily proved by the synthetic experiments of M. Daubreef . In
stating the object of his researches, he observes—" No one is un-
acquainted with the results obtained long ago by Berthier and
Mitscherlich, and more recently by Ebelmen, regarding the forma-
tion of silicates at high temperatures by means of fusion. Thus,

while the dry process yielded by various methods crystallized anhy-
drous silicates, some of which are identical with those found in

metamorphic rocks, it had hitherto been found impossible to obtain

similar imitations by the humid process. Synthetic experiments,

guided by geological induction, could alone solve the question. Such
is the aim of those in which I have endeavoured to bring into play

affinities capable of producing like combinations." He enclosed the

minerals he operated upon in a glass tube partially filled with water,

which he inserted in a strong iron tube, between which and the glass

tube water was poured, to counterbalance the tension of the vapour

in the glass tube, which would have caused it to burst. The iron

tube being firmly closed by a screw, was placed in a bed of charcoal

powder, and exposed for several weeks to the heat of a gas-making

furnace, in which the heat could not be less than 850° Fahr., and
when taken out was allowed to cool gradually. "With all the precau-

tions he could take, so great was the tension of the vapour, that, of

the many experiments, two tubes out of three exploded.

After being exposed to the heat of the furnace for a week, the

structure of the glass was no longer recognizable. It was entirely

changed into a white substance, perfectly opake, and adhering to the

tongue, exactly resembling kaolin. In some of the experiments the

form of the tube was preserved, but in others the glass was reduced

to a white powder. Entirely new combinations had been formed :

the water had become highly charged with an alkaline silicate ; and
the opake substance, which at first sight had appeared amorphous, was
found to be entirely composed of crystalline elements. They were
seen, even "without the aid of a magnifying glass, to consist of limpid

colourless crystals, having the ordinary bipyramidal form of quartz

and its usual appearance
;
they were, in fact, no other than crystallized

et plus constant des eruptions, dans toutes les regions du globe. La singuliere

propriety que possedent les silicates incandescents des laves de retenir pendant

fort longtemps, et jusqu'au moment de leur solidification, des quantites d'eau

considerables, demontre clairement que Taction de la chaleur n'exclut pas cede de

l'eau, et parait annoncer que cette derniere a, meme a ces bautes temperatures,

une certaine afiinite pour les sdicates. Nous ne connaissons des masses situees a

une certaine profondeur dans notre globe que ce qu'en apportent les volcans: or

ces dejections renferment toutes, sans exception, de l'eau, soit combinee, soit

melangee; nous sommes done en droit de penser que l'eau joue un role tout a

fait important dans les principaux phenomenes qui emanent des profondeurs."—
Daubree, Etudes et Experiences Synthetiques sur le Metamorphisme, p. 85.

* Bulletin de la Societe Geologique de France, 2de serie, vol. iv. p. 1249.

t Observations sur le metamorpbisme, et recbercbes experimentales sur quelques

uus des agents qui ont pu le produire.
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silica. Some crystals formed in this way, at the end of a month,

attained the size of two millimetres (= -07874 inch). They were

often insulated in an opake paste, sometimes adhering to the sides

of the tube, forming true geodes, impossible to distinguish, except in

size, from those which crystalline schists often contain. The white

substance which forms the greater part of the residue of the trans-

formation of the glass is not amorphous, but forms acicular crystals

which cannot be better compared than to the dust of fibrous horn-

blende passing into asbestus. They proved on analysis to be com-

posed of constituents nearly identical with wollastonite. M. Daubree

adds, " It is impossible to look without astonishment upon so com-

plete a change in the physical and chemical condition of glass obtained

by a very small quantity of water, in weight not exceeding one-half

of that of the glass so transformed." Under the same conditions,

moreover, water exerts an influence on crystallization of the most

remarkable kind on quartz and the silicates. At a temperature of

about 850° it dissolved the elements that had been combined in the

glass by a much more powerful heat, but without its intervention.

Its vapour, under the conditions of the experiments, by reason of its

acquired temperature and density, acts chemically like water in the

fluid state. s

In the presidential address of my predecessor, Professor Phillips,

in 1859, mention is made of the observations of M. Daubree, of

Strasbourg, on the hot springs of Plombieres, then recently made
known ; and I now recur to them in greater detail because of their

important bearing on the subject to which I am now endeavouring

to call your earnest attention, namely, the increasing conviction on

the minds of geologists, produced by experiments in the laboratory,

that water must have played a most important part in the origin of

simple minerals, of the eruptive rocks, and in metamorphic action.

M. Daubree made the experiments above described with the water

of those springs concentrated to a twentieth of its volume, and he
also made a careful examination of their effects upon the mineral

substances over which they flow. They rise on the south-west flank

of the Vosges Mountains, and issue from a porphyritic granite,—the

temperature of the hottest being 78° C. (=172|°P.), and others

from 15° to 30° C. (=59° to 86° P.). They contain only a minute
quantity of saline matter, not more than half a grain to the quart

;

but silicate of potash predominates. The Eomans had formed in

it a thick mass of concrete, with channels or gutters, to convey the

water to the baths which they constructed in that place, and which
still exist. It is composed partly of bricks and partly of the neigh-

bouring bunter-sandstein, united by a mortar of lime without sand.

This concrete is about 10 feet thick ; and M. Daubree found that the

water has filtered through the crevices of the mortar in a continuous

stream. The calcareous cement and even the bricks themselves have
been partially metamorphosed. The new combinations produced are

found especially in the cavities of the mass, where they form mam-
millary concretions, sometimes crystallized. The most remarkable"

of these in point of number are silicates of the zeolite family, and-
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particularly apophyllite and chabasie*. Besides these, there are

some other zeolites, together with opal, niammillary hyalite (per-

fectly transparent and undistinguishable from the hyalite of basalts),

aragonite, and calcareous spar. The apophyllite is found only in

the cavities of the mortar; it is a silicate containing lime and potash
;

whereas the chabasie, a double silicate of alumina and potash, occurs

exclusively in cavities of the brick. The neighbouring granite has

never been found to contain any zeolites ; but the water contains the

elements of that family of minerals, potash and lime, the former

being derived from the decomposition of the felspar of the granite,

the latter from the mortar. Thus it appears that minerals which
we find in veins and in eruptive rocks may be formed by the joint

agency of water and heat, although that heat may not exceed 158° F.

In prosecuting these experiments, M. Daubree obtained well-formed

crystals of the transparent variety of augite, called diopside. Fir-

wood was changed into a black compact shining body, having all

the appearance of pure anthracite, and so hard as to be scratched

with difficulty by a steel point. It closely resembles the anthracite

that accompanies veins of silver in gneiss at Kongsberg in Norway.
I have said that the experiments of Sir James Hall formed an

epoch in the history of theories of the earth. In the same light, but

in a still higher degree, the observations and synthetic experiments

of M. Daubree, showing the powerful and widely extended agency

of water, will probably be viewed as an epoch in our science. He
has demonstrated that water, accompanied by heat and compression,

with a very minute quantity of potash, has a solvent power upon a

wide range of mineral substances, especially upon silica, the earth

of all others the most prevalent in the structure of the globe. He
has further proved that the degree of heat imagined to be necessary

for the production of certain minerals has been much exaggerated,

and that products characteristic of metallic veins and volcanic rocks

may be formed at a temperature not exceeding 158° F. He refers

especially to the zeolite family so constantly found in trappean and

volcanic rocks, both as a constituent part, and as filling vesicles,

and which, therefore, may have been formed when the process of

cooling had been far advanced. He reminds us that zeolites have

been found in the fragments of tertiary limestone that occur in the

basaltic tuff of the Puy de la Piquette in Auvergne. He has further

shown that the molecular state of the water in lavas, be it what it

may, has had a great effect in the formation of silicates, even when
anhydrous. It causes them to separate, and to crystallize at a tem-

perature much below their point of fusion ; it enables them to cry-

stallize in an order of succession different from that of their fusibility:

thus, for example, leucite, an infusible silicate of ahunina and potash,

occurs in lavas in well-formed crystals, often of large size. To this,

Ludwig, in his German translation of Daubree's essay, adds that the

crystals of leucite often contain fragments of lava, and even small

* In sixteen different species of zeolite, water has been found to enter largely

into the composition of each, varying from 8 per cent, in some specimens of

analcime, to nearly 22 per cent, in some specimens of chabasie.
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crystals of the very fusible mineral augite. There is an. important
remark of Daubree, that, at high temperatures, so small a quantity

of water is sufficient to produce crystallization of silicates, that that

existing in clays, or even that mechanically contained in rocks, com-
monly termed the water of the quarry (eau de carriere), appears to

be all that is required to develope, when assisted by heat, very
energetic action.

Metamorphism .

The term " metamorphic " was first given by Sir Charles Lyell in

1833, as a designation for certain of the older strata considered to

have been altered by subterranean heat. He states, in the last

edition of his 'Manual of Geology,' that by metamorphism he means
an action, existing in the interior of the earth at an unknown depth,

whether thermal, hydrothermal, electrical, or other, analogous to that

exerted near intruding masses of granite, which has, in the course of

vast and indefinite periods, and, when rising perhaps from a large

heated surface, reduced strata thousands of yards thick to a state

of semifusion, so that on cooling they have become crystalline like

gneiss. He enumerates as the principal metamorphic rocks—gneiss,

mica-schist, hornblende-schist, clay-slate, chlorite-slate, hypogene-
limestone, and certain kinds of quartzite. These rocks, he says,

when in their most characteristic and normal state, are wholly

devoid of organic remains, and contain no distinct fragments of

other rocks, whether rounded or angular, and that, however cry-

stalline they may become in certain regions, they never, like granite

or trap, send veins into contiguous formations, whether into an older

schist or granite, or into a set of newer fossiliferous strata. Here
then we have the term distinctly conjoined with a theory of the

agency by which the metamorphism is produced, and an equally di-

stinct restriction of the term to particular rocks.

But such a restriction is now disregarded both in this country and
elsewhere, and the term metamorphic is applied to any sedimentary

rock, secondary or tertiary, which is altered from its original state

to a hardened or crystalline structure, without reference to any
theory of the agency by which the change was produced, however
diversified the nature of the rock may be. Thus, M. Coquand, in his

' Traite des Roches,' published in 1857, has a whole family of Roches

metamorphiques, comprising thirteen species and no less than eighty-

eight varieties, as follows :

—

Mica-schiste, embracing.

.

. 11 varieties.

Talc-schiste ,, • io 2
Clilorite-schiste „ 5 5 »
Amphibolite-schiste ,, .. 5 „ 5 „
Argiloschiste „ 9 5 „
Calcaire ,, 12 ..... 6 „
Dolomie „ 6 „

Taken in its widest sense, the term might be applied to every altered

rock, be its age what it may ; for a structural change is as distinct

in many sandstones and limestones as in the older strata. Studer

vol. xvii. d
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and Merian found in the Alps of Glarus the fiyseh passing into

rocks as crystalline as the mica-schist and gneiss of St. Gothard and
Chamouny ; and Sir B. Murchison has shown that large portions

of the fiyseh in the Grisons have been converted into a crystalline

rock, and that in many places in the Alps, secondary and even tertiary

limestones are changed into saccharoid marble undistinguishable from
that which has been called primary.

But it is obvious that the metamorphism of materials so very

different in their nature cannot have been brought about except by
very different chemical operations, and that it could not have been
produced in all by the materials having been exposed to a deep-seated

internal heat ; for the altered rocks alternate with others of vast

thickness which have undergone no change, and through which the

heat could not have been transmitted. It is nevertheless very

doubtful whether the term is ever applied without some vague, in-

distinct belief that internal heat has been the great agent in the

change ; this certainly is not a very philosophical state of mind, and
shows how much it behoves us to be cautious in the use of a term
involving theory unsupported by experimental proof. To the fact of

the change of structure we cannot shut our eyes ; it is plain and
palpable ; and we must give it a name ; but the name should be free

from any unproved theoretical import. No true theory of the earth

can be arrived at until the theory of metamorphism, in its various

phases, has been established on sound chemical principles by synthetic

experiments.

I have already referred to the memoir of M. Daubre'e on Meta-
morphism, published in 1858. In the same year there appeared the
' Etudes sur la Metamorphisme ' of M. Delesse. He truly observes,

at the very outset of his work, that " metamorphism comprehends

phenomena which are extremely complex, and which are for the

most part involved in great obscurity." He considers that the subject

is divisible into two distinct forms,—the one being normal or general

metamorphism, the result of causes most frequently invisible, and
which have operated on a great scale ; the other abnormal, or rather

special, metamorphism, the result of accidental causes, the effects of

which are of limited extent. It is to this last form, which he also

designates " metamorphism of contact," that this publication is con-

fined. But there can be no doubt that normal or general metamor-
phism is by much the most important subject for our careful study

:

that of contact is only a subordinate branch of the great question.

Besearches and experiments relative to it are doubtless of great value

as indications of the causes of the greater operation, and as likely to

lead to some well-founded theory of the many phenomena of general

metamorphism. But the processes, whatever they were, must have

been veiy different which caused the alterations produced, on many
occasions, when an eruptive and a stratified rock came in contact,

and that transformation which has extended over thousands of

square miles. In the former case the rock affected and that affect-

ing are before us, and the change was probably the work of a com-

paratively short time ; while in the latter case all is hidden, and the
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operation was, with greater probability, the slow continuous effect of

thousands of years of chemical action under enormous pressure.

M. Delesse has very recently presented us with another work in

which the larger subject is treated of with great minuteness of detail,

and in which he has brought to bear his extensive observations, his

mineralogical knowledge, and his skill and experience in chemical

analysis. He has been so obliging as to send me an unpublished

copy of his memoir, which, consisting of 90 quarto pages, will form
a part of a forthcoming volume of the ' Memoires de l'Institut de

France.' In this work he by no means confines the term metamor-
phism to those rocks to which it was originally applied by Lyell,

and to which it is restricted by many geologists, but gives it a very

wide range. He says at the very outset, " Toutes les roches qui

entrent dans la composition de l'ecorce terrestre ont pu etre modifiees

par le metamorphisme general " (p. 129) ; that " il est bien con-

state maintenant que les roches metamorphiques se sont formees k

toutes les epoques geologiques "
(p. 152). He speaks of " roches

metamorphiques appartenant a tous les terrains, depuis le silurien

jusqu'au nummuhtique" (p. 155). He considers that the for-

mation of coal in all its varieties, from lignite to anthracite, is the

result of general metamorphism :
" Le metamorphisme general subi

par les combustibles est identique a celui qui est eprouve au contact

de roches non-volcaniques "
(p. 160). It is evident, therefore, that

metamorphic action, in the sense in which it is used by M. Delesse

in this memoir, becomes nothing more than a general term for that

agency or variety of agencies by which mineral substances have un-
dergone alterations from their original state throughout all geological

periods, and is the abandonment of a very convenient technical desig-

nation for a particular class of rocks—those inferior basic rocks which
have been held to have been for the most part transformed from a

prior condition of sedimentary deposits.

On the 30th of last June, the Academy of Sciences of Paris awarded
to M. Daubree the Bordin Prize for an essay entitled " Etudes et

Experiences synthetiques sur le Metamorphisme et sur la formation

des roches cristallines," which has since been published. He com-
mences with the following remarks :

—" One of the most important
questions which geology is called upon to solve, is to settle the parts

in the formation of the solid envelopment of the globe which are to

be ascribed respectively to aqueous and igneous action. Although it

has been long debated, it has as yet received no definite solution ; it

has even become complicated, since by a more rigorous examination
of different rocks we have discovered evidence of a twofold origin.

Was it at the very moment of their formation that these ambiguous
rocks received this double character, or was the one consecutive on
the other ? and, in the latter case, how can we account for such a

succession of effects ? These are subjects the study of which con-

stitutes what in their more extended and general sense we term
metamorphism." He gives a historical sketch of the gradual de-

velopment of those observations on the structure of rocks by some of

his predecessors which have led the way to the views now generally

d2
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adopted. In giving a list of the English geologists who have ad-

vanced this branch of our science, he most strangely omits the name
of Lyell—of him who was the first, twenty-seven years ago, to suggest

this modification and restriction of the Huttonian theory, and who
in the several editions of his ' Manual of Geology,' a work quoted by
M. Daubree, has so fully discussed the whole question of metamor-
phism, so far as it had advanced, not even omitting the possible

agency of water at an intensely high temperature, in producing it,

by an internal movement and re-arrangement of the molecules*.

After noticing some remarkable statements in the works of Des-

cartes and Leibnitz, he passes to the more modern names of Buffon,

Saussure, Pallas, and Werner, and then dwells at some length on

Hutton and his illustrator Playfair, in whose works, he says, we
find established and developed, for the first time, certain fundamental

principles of modern geology, and especially metamorphism. After

pointing out the fundamental hypothesis of Hutton, that the strata

had been formed by the detritus of pre-existent rocks and afterwards

consolidated by heat, he adds,—" Thus, by an idea entirely new, the

illustrious Scotch philosopher showed the successive cooperation of

water and the internal heat of the globe in the formation of the same
rocks. It is the mark of genius to unite in one common origin phe-

nomena very different in their nature. Hutton first pointed out that

subterranean heat had not only consolidated and mineralized the

deposits at the bottom of the sea, but had moreover raised up and
thrown into inclined positions beds which had originally been hori-

zontal. Another discovery due to Hutton, which has also been of

capital importance in geology, is the eruptive origin of granite. He
farther demonstrated, by numerous examples exhibited in Scotland,

that the trap-rocks had been injected into regions where there is no
indication of a volcano. Hutton explains the history of the globe

with as much simplicity as grandeur. Although, by considering the

process of decay and renovation a continuous phenomenon, he has

thrown a shade over his noble conception, he has rendered immense
services in demonstrating that natural causes which operate under
our view are sufficient to explain the history of the globe, and that

it is unnecessary to have recourse to other modes of action than

those exhibited by nature in our own day ; whereas other systems

that had been devised assumed, on the contrary, events which had
no analogy with what we now witness. Thus Hutton is truly the

founder of the fertile principle of the transformation of the sedimentary

rocks, by the action of heat. Nevertheless, we shall notice hereafter

that there are many deductions to be made from conclusions so

absolute. Like most men of genius who have opened up new paths,

Hutton exaggerated the extent to which his conceptions could be

applied. But it is impossible not to view with admiration the

profound penetration, and the strictness of induction of so clear-

sighted a man, at a period when exact observations had been so few ;

he being the first to recognize the simultaneous effect of water and
heat in the formation of rocks, in imagining a system which embraces

* Fifth edition, p. 606.
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the whole physical system of the globe. He established principles,

which, in so far as they are fundamental, are now universally

admitted."

I trust that I shall be pardoned in thus giving prominence to a

tribute offered, at this distance of time, by so eminent a foreign

geologist, to the genius and sagacity of Hutton, of whose ingenuity,

acuteness, and even light-hearted playfulness, I had been accustomed

in my early life to hear much in my own family, although too young
to have any personal intercourse with him ; and in whose scientific

principles I was trained in my geological studies under the guidance

of my venerated friend the able and eloquent Playfair. I am, how-
ever, not prepared to agree with M. Daubree that a shade has been
thrown over Hutton's " noble conception " that a continuous process

of decay and renovation of the materials of our globe had from the

origin of the stratified rocks been the established order of nature

;

that observations since the time of Hutton have demonstrated any
interruption to that continuity in past time, or justify any anticipa-

tion of a future change.

In this work, as well as in the more recent one of M. Delesse,

metamorphism is not limited to the class of rocks to which the term
metamorphic was originally applied : on the contrary, M. Daubree
expressly says, " Des effets de Taction metamorphique se montrent
dans les terrains de divers ages "

(p. 119), and, at p. 74, that '" les

depots metalliferes ne sont que des cas particuliers des phenomenes
metamorphiques." These three essays, in place of being called

" Etudes sur le Metamorphisme," might have had, in my opinion,

the more appropriate and comprehensive title of" Contributions to the

Chemistry of the Mineral Kingdom." And most valuable contribu-

tions they assuredly are ; for the facts and experiments they narrate

enable us to form some just conception of the agencies by which the

lower sedimentary deposits became changed into hard and crystalline

rocks, and how their included accessory minerals may have been pro-

duced ; they are also calculated to throw light upon the analogous

changes of structure met with in the fossiliferous strata of all ages,

but which must have been produced underveryclifferent circumstances,

and likewise upon the formation of the various products of mineral

veins. Even a short summary of the contents of these essays would
of itself amount to a treatise ; so I must refer you to the works them-
selves, noticing only some of the conclusions of the authors to which
I wish to call your attention.

M. Delesse certainly states that the agencies in general metamor-
phism must have been heat, water, and pressure ; but the main
feature in both his essays is the prominent part which he considers

water to have played in the production of mineral compounds. He
brings forward many facts for which the sole action of heat appears

to afford an inadequate explanation
;
but, on the other hand, he seems

to be carried away by his theory to ascribe far too extended an
operation to aqueous causes. Thus, he affirms it as his opinion that

the trap of the Giant's Causeway was not incandescent and in a

state of igneous fusion when it was poured over the lignite it covers

;

and in referring to the Meissner, near Cassel, so long celebrated as an



liv PROCEEDINGS OF THE GEOLOGICAL SOCIETY.

instance of the igneous origin of basalt, where a mass of it, in some
places 500 feet thick, covers beds of lignite from 20 to 98 feet in

thickness, he says that the phenomena exhibited are to be ascribed
" plutot a une action aqueuse qu'a, une action ignee." Wot only in

the above, but in other instances, he maintains the aqueous plasticity

of trappean rocks. Water may be one of their constituents ; but it

is in no degree probable that it held the earthy constituents in a

softened, plastic, or fluid condition. It will require stronger proofs

than M. Delesse has as yet brought forward, to set aside the long-

established conviction of the similarity of origin of the Giant's

Causeway and FingaPs Cave to that of the columnar lavas of Etna
and Auvergne.

Although M. Daubree does not carry his views of aqueous action

so far as M. Delesse does, he nevertheless expresses very decided

opinions as to the powerful agency of water in metamorphism, as the

following passage will show :

—

" It is, therefore, not difficult to see, in the various kinds of phe-

nomena of which I have spoken, the manifestations of one and the

same agent, which exists throughout entire countries. That essential

agent is water, aided by heat of different degrees, and to which are

superadded as secondary causes, emanations which accompany it.

Thus we are of opinion that water acts unceasingly in the deep-

seated regions, after it has acquired a temperature more or less

elevated, under the influence of the heat of the globe."—" It cannot

be denied that if water is able to insinuate itself, through fissures in

the solid crust of the globe, to a depth equal only to that of the sea,

it becomes subject there to a pressure equal to several hundreds of

atmospheres, by means of which it will penetrate easily to the inmost

pores of the rocks, especially when it is of a temperature which it

must possess at such a depth." (pp. 97 <fc 117.)

On this agency of water the following testimony of Prof. Bunsen
of Heidelberg is important :

—" The attention of geologists has

hitherto been almost solely directed to the action of heat in the

production of the metamorphism of rocks. The action of gases and of

water at a moderate temperature in producing changes of structure,

which may be seen on a small scale in fumaroles, must have had
immense influence, as after-effects of older plutonic catastrophes,

upon the materials of which the stratified rocks are composed. In
this treatise I have endeavoured to bring forward some proofs and
circumstances which may perhaps set geologists upon the track of

those processes. Everything indicates that, in future, we must rely

not so exclusively on observation, but more upon experimental

researches to enable us to explain the metamorphism of rocks by
hydatothermic and pyrocaustic, or, where both have acted, by
hydatocaustic processes. I know not whether the time is yet arrived

for the introduction of those terms ; but distinctions will be devoid

of meaning unless the test of experiment has determined their true

value, in every point of view*."

* Bunsen. iiber den innern Zusammenhang der pseudo-vulianische Erschei-

nnngen Islands.
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Professor Naumann in his ' Lehrbuch der Geognosie,' the most

copious and instructive general treatise on geology with which I am
acquainted, briefly notices the conjectures of other geologists as to the

agencies in normal or general metamorphism, without expressing any
decided views of his own, except as to what heat may be supposed to

have effected. But he enters at considerable length into the subject

of abnormal or local metamorphism. He justly observes that while

here the origin of the effect is apparent, the modus operandi is far

from being equally so in a great proportion of cases. In the generality

of instances the heated state of the intrusive rock appears to have been

the cause ; but he adds, " it is nevertheless evident that many of the

appearances when ordinary sandstones and quartzose conglomerates

are changed into quartzite by the contact of granite, syenite, and
other pyrogenous rocks cannot be explained by the action of heat

alone. For it is difficult to conceive that heat, which in its con-

tinuous state, at least, could not have been very great, and must at

all events be much under the melting-point of silica, could convert

a fragmentaiy sandstone into crystalline quartzite. It is clear that

such eontact-metamorphism must belong to those instances the

production of which without the concomitant action of water is in-

conceivable*."

There is an observation of M. Daubree, which, so far as I know, is

novel and is well deserving of being followed up in researches in

metamorphism. He states that cases of the metamorphism of

sedimentary rocks occur only in those situations where disturbances

of the horizontality of such deposits have taken place : that the oldest

strata of Russia, Southern Sweden, and North America have preserved

their original horizontality and are not sensibly metamorphosed.
That, on the other hand, newer strata which have been much broken

up and elevated, such as the jurassic and cretaceous formations of the

High Alps, the Apuan and the Tuscan Alps, have been completely

modified, few only of the eruptive rocks being met with among them

:

that clay-slates are but the beginning of more deeply-seated trans-

formations, and occur only in regions more or less disturbed : that

hot springs are always connected with accidents in the structure of

a country of a similar kind : that it is therefore difficult not to per-

ceive a connexion between the two phenomena, and no less difficult

to refuse one's assent when we learn by experiment that the mineral-

ized waters are among the most energetic agents in that metamor-
phism which we can artificially produce f.

Gneiss is generally held to be a metamorphic rock, meaning thereby

that it was originally a sedimentary deposit of the detritus of a pre-

existent surface-rock, altered by subterranean heat as the chief

agent. There are, however, some considerations which make it

difficult for me to understand the modus operandi of this supposed
thermal action ; that is, in what manner the heat could be applied,

in accordance with known chemical laws. If gneiss be, as it is

usually held to be, the lowest known of the sedimentary stratified

* Lehrbuch der G-eognosie, i. 793.

t Observations, &c. p. 38.
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rocks, it is obvious that it must necessarily have been formed by the

detritus of an original imstratified surface-rock, which had been ex-

posed to the wearing effects of atmospheric action and of waves acting

upon a shore. The detritus, in order to form stratification, must
have been spread gradually over the solid bottom of a deep sea.

The generally prevalent theory assumes that the altering heat was
communicated through the rock on which the sediment rested, that

is, the sea-bottom. Now unless we assume that the sea was in a

state of ebullition, the bottom rock must have been cold, by being in

immediate contact with cold water ; for so soon as the sea-water came
in contact with a heated mass, immediately there would be produced

two continuous currents, of ascending warm and descending cold

water, until the whole sea was raised to a high temperature. By
the pressure of the superincumbent water, the boiling-point in the

lower depths would be greatly raised, and the constant production

and upward direction of high-pressure steam would cause such a

turmoil in the sea that no tranquil deposition of sediment to form

stratification could possibly take place. If the source of heat were

local, the colder water from the adjoining parts of the seawoidd rush to

the heated parts. If the bottom rock did not become heated until after

the sediment had accumulated to a great thickness, it is obvious,

from the very slow conducting power of rocks, that the lower parts, if

brought by the heat into such a softened state as to acquire a crystal-

line structure, must be very different in nature from the upper parts

of the deposit,—that, in short, there would be a gradual change in

the texture of the rock upwards—a difference which has nowhere
been observed. A similar difficulty attends the hypothesis in other

cases besides that of gneiss, when metamorphism is considered to

have been produced by sedimentary deposits having been acted upon

by a highly heated hypogene rock at the bottom of a sea.

As gneiss has never been seen to contain an undoubted fragment

of a pre-existent rock, nor any trace of an organism, its being held

to be an altered sedimentary deposit woidd seem to rest, first, on its

schistose and bedded structure, and, secondly, upon the extreme im-
probability of an eruptive rock having spread over vast regions with

that structure. As regards schistose and bedded structure, that is

of itself no conclusive proof. Gneiss is essentially composed of the

same materials as eruptive granite, and there are numberless in-

stances, on a great scale, of a gradual passage from coarse-grained

granite into schistose gneiss. Some of these I will quote.

Dr. MacCulloch, in his ' Description of the Western Islands,' when
treating of gneiss, which prevails in the Northern Hebrides, observes*

that there are two principal varieties, the one of a granitic, the

other of a schistose structure ; that the gneiss of these islands (Flan-

nan Isles) is in general composed of quartz, felspar, and mica ; that it

presents as usual many varieties, and among the rest, one which can-

not be distinguished from common granite ; that this consists of an

equal mixture of flesh-coloured felspar, quartz, and but little mica,

forming beds among the rest of the rock ; that there is not a trace

* Vol. i. pp. 202 & 226.
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of laminar tendency in their structure, and therefore, although they

may be considered as forming portions of the gneiss beds, they pre-

sent, in strictness, an example of bedded granite. He then goes

on to say that the limits which separate gneiss from granite are

evanescent, and that of this perpetual gradation there is scarcely a

mile of the survey of those islands which does not offer an example

;

that the granitic subdivision prevails, and is characterized not only

by a large grain and imperfectly foliated structure, but by frequent

transitions into granite, from which, when in detached specimens, it

cannot be distinguished.

As instances out of our own country of this intimaterelation between
varieties of gneiss and granite, I may give the following :—Carl von

Eoemer, as quoted by Naumann*, while describing the northern side

of the central granite of Siberia, mentions an extensive tract of granit-

gneiss in which a laminar and bedded rock repeatedly alternates with

one of granular and massive structure without lamination ; and in like

manner, in Podolia, granite and gneiss form a massive, intermixed,

and compact whole, demonstrating a contemporaneityand similarity of

origin of both. Beudant states that in Hungary gneiss and granite

appear always together, and that they occur not only in alternating

beds, but as one and the same mass. Elie de Beaumontt states that a

passage between granite and gneiss, gneiss and mica-schist, and even

between granite and mica-schist, is so often observed as to prove, in

such cases, their common origin ; that there are instances in which

it is evident that gneiss must have been an eruptive rock, which,

after its eruption, had been drawn out so as to assume a schistose or,

rather, a fibrous structure, so that it is often difficult to distinguish

between the two kinds,—that is, between eruptive and metamor-
phic gneiss. M. Delesse says, that gneiss forms a transition be-

tween stratified and eruptive rocks ; that its mineralogical composi-

tion, as well as its mode of occurrence, unite it in a manner the most
intimate with granite, and that its origin is evidently the same+.
The section of granite and gneiss at Jaegersborg, in Norway, given

by Mr. David Forbes §, proves indisputably, I think, that there the

two rocks must have had a common origin, and that it is not con-

ceivable that this gneiss can be an altered sedimentary rock.

When stratified gneiss contains, as it often does, a variety of ac-

cessory simple minerals, and metamorphism by contact likewise pro-

duces them in the traversed rock, we have a complication of chemi-
cal action for a right understanding of which we must look to syn-

thetic experiment. Thus we know
[|
that, in limestones especially,

a great variety of minerals are often produced by the contact of

granite, among which garnet, idocrase, hornblende, wollastonite,

epidote, talc, chlorite, and zeolites are the most common. Now to

produce these eight minerals, there must be derived from the granite

* Lehrbuch der Geognosie, 1st eel. vol. ii. p. 84. t Loc. cit.

\ Etudes, &c, 4to, p. 203.

§ Quart. Journ. Geol. Soc, vol. xv. p. 173.

||
Daubree, Etudes et Experiences synthetiques, p. 57.
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and the limestone ten different elementary constituents, as the fol-

lowing table of the analyses of them shows :

—

Silica.

Alumina.

Lime.

Magnesia.

Protoxide

of

Iron. Peroxide

of

Iron.

Protoxide

of

Manganese.

Fluorine.

Soda.

Potash.
Water.

* # * *
Idocrase *

Hornblende * *
Wollastonite * *
Epidote * * * *

Talc # *
* *
* * *

It belongs to the chemist to show under what conditions these

elementary substances could, in the same mass, combine into- two
or more of those definite forms. They are phenomena of metamor-
phic action, of which, until explained, we cannot form any just con-

ception of that great operation of nature.

But there are accompaniments of many rocks that have received

the name of gneiss which would seem to favour the hypothesis of a

hypogene rather than a sedimentary origin, viz. intercalated masses

of granular and crystalline limestone, and metallic ores in masses
and disseminated through the substance of the rock.

MacCulloch describes* the gneiss of the island of Tiree as con-

taining masses of crystalline limestone, without stratification or con-

tinuity ; and it also occurs with a great variety of accessory crystal-

lized simple minerals in the gneiss of Norwayf, Sweden, Saxony,

Bavaria, Austria, and in different States of North America. Whence
the origin of this limestone thus contemporaneous with gneiss ? It

cannot have been derived from the detritus of any surface-stratum

;

for no other than an eruptive rock could as yet have formed a part

of the dry land. If we could suppose it to be formed by the exuviae

of marine organisms, it would be carrying the prevalence of animal

life far beyond any period in which its existence has ever been con-

templated, except that Sir William Logan has suggested that nodules

of phosphate of lime found in sedimentary rocks of Lower Cambrian
or even greater age may have a possible connexion with life existing

at that very remote period of the earth's history ; or if derived from

springs holding carbonate of lime in solution, that of itself would
be a proof of a hypogene origin. Many instances have been met
with of granular limestone occurring under circumstances that can

only be explained by supposing them to have had a subterranean

origin. Nearly forty years ago, Yon OeynhausenJ (elected a Foreign

* Description of the Western Islands, vol. i. p. 48.

t At Jaegersborg. See section by Mr. D. Forbes above referred to.

J Noggerath's Eheinland-Westphalen, vol. i. p. 163, 1822.
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Member of this Society in 1827) described a dyke of great extent, com-
posed of saccbaroid limestone, traversing a granitic ridge in the

Bergstrasse, between tbe villages of Auerbach and Schonberg ; it was
specially noticed by Von Leonhard* in 1833, who says of it, tbat

a close examination left tbe impression tbat it was erupted in a state

of igneous fluidity from tbe depths of tbe earth subsequent to the

formation of the gneiss ; for the granitic rock there appears both with

a gneissic structure and as syenite. And in 1852 Voltzf thus de-

scribes it :—" The whole appearance of the limestone is that of a

dyke ; and there can be no doubt that we have one of colossal size,

—

the limestone being crystalline, and showing all varieties of structure

from fine-grained to calcareous spar." Similar occurrences have been

described by Emmons in the State of New York, by Clarke in Au-
stralia, and by Dumas in tbe CevennesJ ; and instances of veins of

large dimensions of calcareous spar, with numerous ramifications,

having as much the appearance of injection from below as veins of

granite or trap, must be familiar to every geologist.

The gneiss of Norway and Sweden, in many parts, contains, dis-

seminated through the substance of the rock and in masses of vast

magnitude, ores of magnetic iron, of silver, copper, cobalt, zinc, and
arsenic ; in Saxony it has been found containing tin, arsenic, iron,

and copper ; in France, in the department of the Aveyron, it abounds

in magnetic iron ; and the same combination is met with in different

parts of the United States. These metallic minerals are surely

much more probably of subterranean than of sedimentary origin.

There is no manner of doubt that there are vast tracts of gneiss

with such distinct stratification, often greatly contorted, to which no
other than a sedimentary origin can with any degree of probability

be ascribed, however difficult it may be, in the present state of our

knowledge, to comprehend the nature of the chemical action by which
the original component materials have been altered into new com-
binations. On the other hand, the assertion that all gneiss has
had the same origin appears to me erroneous, for the reasons I have
assigned ; and it is distinctly contrary to the opinion of some of the

most distinguished geologists of Prance and Germany.
A rock is now very commonly said to be metamorphic in such a

variety of cases, without any qualification of the term, whether in

relation to the nature of the materials acted upon, or to the totally

different texture of the rocks beneath, which have for hundreds or

thousands of feet undergone no similar alteration, that it is im-
possible to arrive at any other conclusion than that there must have
been different agencies at work—that the subterranean thermal
action considered to have produced gneiss from detrital matter could

not have produced the crystalline rock intercalated in a tertiary de-

posit. PalaBontological determinations are made under the guidance
and control of the acknowledged laws of anatomy and physiology

;

* Neues Jahrbuch fur Mineralogie, &c, 1833, p. 312.

•f Uebersicht der geologischen Verhaltnissen des Grrossherzogthum Hessen,
p. 107.

\ Naumann, Lehrbuch der Greognosie, 2nd edition, vol. ii. p. 88.
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so in cases of metamorphism chemistry must assert her authority.

If the term " metamorphic " is to be used in any other sense than

merely as a synonym of the word " altered," it is clear that a wide

field of chemical research has to be cultivated before it can be justly

applied in a theoretical sense.

Endeavours to unravel the mystery of general metamorphism
may, at first sight, appear to be a hopeless task ; and doubtless it is,

so far as regards the effects of a vast period of time. But by expe-

riments with the means within our power—that is, by heat, water,

and pressure, skilfully applied, under a variety of forms—we may
reasonably expect to acquire some just conception of the processes by
which mechanical detritus could have been converted into a homo-
geneous crystalline mass. Even as regards time, recent researches

have shown the contrast of the effects of the same agents when
brought shortly to a close and when they are prolonged for several

months. "We must have multiplied synthetic experiments of the

kind of those instituted by Sir James Hall and Gregory Watt, and
since conducted with so much ingenuity and perseverance by Bischof,

Daubree, Delesse, Sorby, and others ; we must have it proved that,

by the combined action of heat, water, and pressure, something re-

sembling gneiss, mica-slate, clay-slate, and quartzite, with their

accessory simple minerals, may be formed out of sedimentary ma-
terials. But such experiments must, unfortunately, be of a kind and

on a scale that very few individuals can be expected to undertake
;

and they are therefore fit subjects for liberal grants from public

bodies entrusted with funds for the promotion of science.

I -will now pass to a very different subject—to one which may be

said to have been for nearly two years the great geological question

of the day, and which has excited no small amount of general in-

terest,—the discovery of

Evidence of the early Existence of the Human Race.

Numerous newly discovered facts, and a more attentive and un-
prejudiced estimate of many of a similar kind, long since recorded,

seem to prove indisputably that Man must have been an inhabitant

of this earth at a far earlier period than we had been accustomed to

believe him to have existed. Ever since the discovery by Dr. Falconer

in 1858 of implements of human workmanship associated with the

bones of extinct quadrupeds in the cave at Brixham in Devonshire,

and the subsequent communication of Mr. Prestwich to the Royal

Society in May 1859, of his examination of the ground where M.
Boucher de Perthes had discovered, in a bed of gravel, flint hatchets

associated with the bones of extinct quadrupeds, at St. Acheul near

Amiens, and at Abbeville, this question has been a topic of intense

geological interest. Soon after the visit of Mr. Prestwich, to whose
paper in the Philosophical Transactions I must refer you for ample

details, M. Gaudry, a French geologist, went to St. Achcul, and in

two communications to the Academy of Sciences of Prance, on the

26th of September and 3rd of October, 1859, he gives the following

account of his researches :—" The grevf point was not to leave the
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workmen for a single instant, and to satisfy oneself by actual in-

spection -whether the hatchets were found in situ. I caused a deep

excavation to be made, without quitting the workmen for a moment

:

I found nine hatchets most distinctly in situ, in the diluvium, asso-

ciated with teeth of Equus fossilis, and a species of Bos different from

any now living and similar to that of the diluvium and of caverns*

The exact determination of the position of the hatchets proves, be-

yond all doubt, that Man had been contemporary with several of the

larger animals that no longer exist, whose bones are now fossil.

One may easily be satisfied that the gravel beds are in their normal

state, and that they have not been remanies by man. At St. Roch,

near St. Aeheul, the diluvium has been found to contain remains of

the Rhinoceros tichorliinus, Elephas primigenius, and Hippopotamus ;

and M. Buteux has ascertained that the beds of diluvium of St. Roch
are continuous with those of St. Aeheul*."

On the 7th of last May, M. Beaudoin announced to the Geological

Society of France a discovery he had made of worked flints in un-
disturbed drift in the neighbourhood of Chatillon-sur-Seine ; and on

the 20th of the same month M. de Yerneuil communicated a similar

discovery at Precy, in the department of the Oise. Thus we have evi-

dence of the same event in the valleys of the Somme, the Seine, and

the Oise. More recently, M. E. Collomb, in a letter published in the
' Bulletin de la Societe Vaudoise des Sciences Naturelles ' for October

1860, gives an account of a visit he paid to St. Aeheul in company
with M. Lartet ; and he fully confirms the accuracy of the observa-

tions of Mr. Prestwich and M. Gaudry, as to the age and undisturbed

condition of the gravel in which the worked flints are found. He
observes that almost the whole of the north of Prance, and especially

the plains, is in a condition the most favourable, the most normal,

for the study of the quaternary deposits (terrains quartaires), be-

cause, during that long period, no extraordinary events have occurred

in that region ; there have been no great cataclysms, no sudden ele-

vations or dislocations ; no glaciers which could have broken up and
rearranged (remanie) the soil, and changed the regular order of the

superposition of the beds.

Additional evidence in support of the same views has been recently

supplied by the publication of a memoir communicated to the Society

of Antiquaries by John Evans, Esq., a Fellow of this Society, who
accompanied Mr. Prestwich in his examinations at Abbeville and St.

Aeheul. He states that he was himself witness to the extraction of

a worked flint from the gravel bed at St. Aeheul, at a depth of 11
feet from the surface, and about 4^ feet from the bottom of the pit

;

—that, on another occasion, Mr. Flower, one of the party of geolo-

gists, uncovered and exhumed with his own hands a perfectly worked
instrument at a depth of 20 feet from the surface ;—that the imple-

ments occur most certainly in undisturbed gravel, for it is so hard
and compact as to require the use of a pickaxe, and therefore pre-

cludes all idea of its being a reconstructed mass;—that there is

every improbability of the bones of extinct species of quadrupeds
* ' Comptes Rendus ' of the above-mentioned dates.
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associated with the implements having been washed into the gravel

from an older deposit ; for not only are they little if at all worn, hut
in the lower beds at Menchecourt, near Abbeville, the skeleton of a
Rhinoceros was discovered nearly entire ; and thus we have strong,

almost conclusive, evidence of the coexistence of Man with these

extinct Mammalia ;—that it appears to be established beyond a doubt
that, in a period of antiquity remote beyond any of which we have
hitherto found traces, this portion of the globe was peopled by Man

;

—that, at Amiens, land which is now 160 feet above the sea, and
90 feet above the Somme, has, since the existence of Man, been sub-

merged under fresh water, and an aqueous deposit from 20 feet to

30 feet in thickness, a portion of which at all events must have sub-

sided from tranquil water, has been formed upon it ; and that this

too has taken place in a country the level of which is now stationary,

and the face of which has been little altered since the days when
the Gauls and the Eomans constructed their sepulchres in the soil

overlying the drift which contains these remains of a far earlier race

of men.

At a meeting of the Geological Society of France last April, at

which I was present, M. de Vibraye read an account of explorations

he had made in a cavern of jurassic rock near Arcy, in the Departe-

ment de l'Aube, between Troyes and Chalons-sur-Marne, which paper

has since been printed in the ' Bulletin ' of that Society. This cavern

contains three distinct beds of drift, the two uppermost bearing evi-

dence of remaniement ; but the lowest he is satisfied must be an un-
disturbed mass of materials washed into the cavern by the same force

which spread the pleistocene drift, characterized by the remains of

Rhinoceros tichorhinus, Ursus spelceus, and Hycena sjielcea, over the

north-west of France. On making excavations in this lowest bed,

he met with a vast accumulation of the bones of the above animals

;

and among them, one of the labourers, while M. Vibraye was in the

cavern, found a human jaw. M. Vibraye thus describes this re-

markable event :—" Judge, gentlemen, of my surprise, when I saw
a human jaw. I felt disposed to doubt the reality, and to believe

that it was the jaw of an ape ; but no, the doubt could not remain

for an instant; for the jaw, all the alveoli of which are perfectly

seen, still contained two well-characterized teeth, viz. the first right

lower premolar and the first large molar of the same side. I hastened

to satisfy myself not only as to the situation, but as to the actual

place this important remain had occupied, and I can affirm that the

homogeneous bed, the lowest bed in the cavern, was perfectly intact,

and had in no respect changed its nature. I found this jaw while

devoid of all preconceived ideas, and was even obliged to do violence

to my individual convictions to admit the evidence. To add to the

value of this discovery, I ought to add that, while arranging the

numerous remains collected in this cavern during the last two years,

I found the tooth of another man, a first premolar of the lower jaw
belonging to an individual of less size than he to whom the jaw
belonged. This would tend to prove that the first discovery is not

an isolated fact, and that it is more than probable that further con-
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firmation would be found by continued researches." The paper gave

rise to an animated discussion ; and M. Lartet, one of the speakers,

stated that he had visited the cavern, and had examined the collec-

tions of M. de Vibraye, whose identifications he confirmed, and that

he was of opinion that the drift in which they were found is of the

same age as that of St. Acheul.

The confirmation of the correctness of the conclusions to which
M. Boucher de Perthes had arrived, which he had published ten

years before, but which, by a strange unreasoning incredulity not

very creditable to the scientific men of all countries, had been suffered

to be neglected, is of an importance that cannot be overrated, inas-

much as it is calculated to remove a prejudice that has long prevailed

among geologists the least timid in forming conclusions, and as it bids

fair to eradicate one of a similar nature deeply rooted in the minds
of even the educated part of the general public.

It has been well remarked by the Eev. Mr. Kenrick, in his interest-

ing essay on Primaeval History, that, " As we can assign no absolute

date to the introduction of man into the world, nor even decide with
confidence whether this took place by simultaneous or successive acts

of creative power, so it is impossible to define the time which he
occupied in advancing from his primaeval condition to that in which
he appears at the commencement of history*." Now, although we
are unable to give any numerical expression to the time of the occur-

rence of events that have preceded all historical records of traditions,

we may arrive at a very firm conviction that they must have been ex-

tremely remote, by a consideration of the very slow process by which
changes take place on the surface of the land, and in the forms of

the coasts which are evidently altered by the wearing forces of the

atmosphere and the sea, without any cataclysmal action. The long

duration of the vegetable soil and its covering of turf and forest, and
the resistance to the wearing effects of the weather by many human,
works in stone have been well pointed out by M. Elie de Beaumontf.

He observes that plants fixing by their roots the superficial soil add
greatly to its stability,—that the natural state of the globe has been
to be covered with vegetation,—that its surface has been covered by
turf or by forests,—that when we see turf on a mountain-slope we
may affirm that it has been almost coeval with the slope, and that

it has preserved the soil it covers for thousands of years,—that the

soil surrounding Cyclopean and Druidical monuments, which have
existed for more than 2000 years, has undergone no change either

of increase or decrease,—that the existence of a tree shows that the

surface of the vegetable soil has undergone no sensible change during
the growth of the tree, and that there are trees which have existed

for many centuries." Professor Phillips in his recent publication

in reference to the slow process by which peat accumulates, has the

following passages:—" Man and the works of man have been pre-

* An Essay on Primaeval History. By John Kenrick, M.A. London:
Fellowes, 1846.

f Lecjons de Greologie Pratique, Leijon 5.

J Life on the Earth, its origin and succession, pp. 48, 49. I860.
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served in natural repositories of higher antiquity than all the mauso-
leums, and tumuli, and vwoyaia,—in caverns, in peat-bogs, lacustrine

and river sediments, which derived their characteristic features from

the operation of physical conditions long since passed away. Thus,

deep in the sediments of many of our British valleys, left by the

rivers in some earlier period, we find the canoe of the primitive

inhabitant, hollowed by fire and rude stone chisels from the trunk

of the native oak." " To heap twenty or more feet of sediment over

the buried canoes by the ordinary operation of a river like the York-
shire Aire would require thousands of years : if it were not accumu-
lated under the ordinary circumstances now in operation, but under
different geographical conditions, this would perhaps require the

hypothesis of still longer time. In the alluvial sediments of this

same valley lie nearly complete skeletons of the extinct Hippopo-
tamus major; in another place jaws and horns of the deer, and
hazel wood and nuts, some of them petrified. Perhaps Man was
contemporary with this extinct Hippopotamus, which has also been

found in the peat-deposits of Lancashire. The gravel of Amiens
and Abbeville appears to furnish evidence of a higher antiquity for

the flint implements found there."

The discoveiy in Egypt of works of art executed more than 3000
years before our era, which could only have been produced by a

people arrived at an advanced stage in the slow process of civiliza-

tion (a conviction that has been strengthened by the recent discovery

of works of human art at great depths in the alluvial soil of the

Nile valley, which accumulates at the average rate of a few inches

in a century *) has been gradually producing an impression in the

minds of earnest thinkers that the first appearance of man on the

earth must be carried far beyond the time hitherto usually assigned

to it. When we come to reflect upon the geological changes that

have occurred in the configuration and structure of the country in

the north of France where the flint implements are found, proved

by the nature of the deposit in which they are met with and its

elevation above the sea-level, and take into account the length of

time which, according to all sound reasoning on geological phenomena,

we must assign for the accomplishment of those changes, the largest

sum of years which has been assigned for the existence of man in

Egypt can scarcely amount to more than a fraction of the time that

has elapsed since the men lived who chipped those flint implements.

The ground in which those worked flints were found at Amiens
and Abbeville is a part of a great post-pliocene deposit which is

spread over a great extent of the north of France, the geological age

of which is determined by the fragmentary materials, and by the

nature of the fossil remains of extinct species of quadrupeds. It is

marked in the geological map of France as composed of the group

designated the •• Alluviens anciennes de la Bresse, Sables des Landes,

Sables marins superieurs de Montpellier," resting upon another group

designated " Fahluns, MeidUres, Gres de Fontainebleau," &c. That

* Memoirs on the Alluvial Laud of Egypt, Phil. Trans. 1855, p. 105, and

1858, p. 53, by the Author.
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part of it at St. Acheul consists of a bed of flint-gravel from 6 feet to

12 feet thick, resting on chalk. It was in this gravel that the

worked flints were found, and in the lowest part near the chalk. It

has been alleged that the gravel in this place is a case of what the

French call a remaniement, that is, an accumulation of the diluvial

gravel that had been disturbed by a local flood, or by man, which
involved in it the works of art belonging to a comparatively recent

time. But no evidence of this has been brought forward, and it has
been distinctly denied by M. Gaudry and Mr. Evans in the papers

quoted above. Other experienced geologists who have examined the

localities, both at Amiens and Abbeville, entertain no doubt that it

is an undisturbed deposit. I visited St. Acheul last April, and am
surprised that any one could see the least sign of a remaniement.

Another and a very decisive proof of the coexistence of Man with
extinct species of quadrupeds has been brought forward by M. Lartet,

a Foreign Member of our Society, in a paper read before us last May,
as well as in a communication in the same month to the Geological

Society of France. He there points out numerous instances of inten-

tional incisions by a sharp but rude instrument in such bones. These
incisions exist when the bones are disinterred ; and if the bones un-
questionably belong to extinct species, and if the deposit in which
they are found is certainly undisturbed ground, the evidence is com-
plete. All these conditions are fulfilled in the cases brought forward

by M. Lartet. He exhibited the specimens to myself in the Museum
of the Jardin des Plantes at Paris last spring.

To assign any approximate date for the age when the people who
formed these flint implements existed is impossible, in the present

state of our knowledge. But M. Lartet, who is not more distin-

guished by his palseontologieal knowledge than by habitual caution,

has not hesitated to express his belief on this subject in the following

terms in the paper in our Quarterly Journal I have already referred

to :
—" M. d'Archiac has been led, by a series of well-weighed induc-

tions from stratigraphical considerations, to consider the epoch of the

separation of the British Islands from France as occurring after the

deposition of the diluvial rolled pebbles, and before that of the ancient

alluvium, the Loess of the north of France, of Belgium, the valley

of the Bhine, &c. The inference to be drawn from that hypothesis is

self-evident: it is this, that the primitive people to whom we attri-

bute the hatchets and other worked flints of Amiens and Abbeville

might have eomnmnicated with the existing country of England by
dry land, inasmuch as the separation did not take place until after

the deposit of the rolled diluvial pebbles, from among which the

hatchets and worked flints have been collected."

Every geologist must be of the opinion of M. d'Archiac, that the

lands of England and France were once united—and that at no very

distant period in geological time, from community of structm'e and
from the occurrence of the remains of extinct species of quadrupeds

in England which could only have come to us over continuous land.

Mr. Evans, in the memoir above cited, states that the gravel at

St. Acheul closely resembles that on some parts of the Sussex coast,

and that the beds at the Moulin Quignon, near Abbeville, are nearly

vol. xvir. e
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analogous to those near the East Croydon station and in many parts

of the valley of the Thames. The late Professor Edward Eorbes, in

his remarkable paper on the Eauna and Elora of the British Isles

(pp. 343 & 346), observes that " no geologist doubts the ancient

union of the two sides of the Channel ;
" and he considers that union

to have existed as late as the post-pliocene age ; for he says that

"during the post-pliocene epoch, over the elevated bed of the glacial sea,

the great mass of the flora and fauna of the British Isles migrated

from the Germanic regions of the Continent." We know that only a

very moderate change in the configuration of the two coasts has taken

place during the more than 1900 years since Julius Caesar crossed the

Channel. Even if the Channel was first formed by a sudden break

and sinking of the land, we cannot conceive so vast a gulf to have

been worked out into its present forms on both sides by the wearing

action of the sea, except during a period of vast dilation.

The discoveries by Dr. Falconer and Baron Anca of siliceous stones

in forms that are evidently the work of man, mixed with the remains

of extinct species of quadrupeds, in the island of Sicily, are associated

with phenomena which indicate that a rupture in the continuity of

a continental land took place subsequently to the existence of man,
on a still greater scale than the channel which separates England
from France ; for they can only be explained by assuming that the

land now forming the island of Sicily was at that period a part of

the continent of Africa. Not only have bones and teeth of the ex-

isting African Elephant and Hyaena been found in great abundance,

but such enormous quantities of the bones and teeth of the Hippo-
potamus, that they were carried, for a short time, in ship-loads to

France, in the expectation that they might be used as agricultural

manure, until it was discovered that they were so far fossilized as to

have lost their gelatine. Now it is clear that the African Elephant

and Hyaena could only have come by land to those parts of Sicily

where their remains are now found. The distance between the

nearest part of Sicily and the coast of Africa, that is, between Mar-
sala and Cape Bon, is not more than about eighty miles ; and Admiral
Smyth, in his memoir on the Mediterranean, states (p. 499) that

there is a subaqueous plateau, which he named Adventure Bank,
uniting Sicily to Africa by a succession of ridges about a spot where
he found from 40 to 50 fathoms of water.

In a communication lately made to our Society by Captain Spratt,

relative to a cave near Kredi, on the south side of the island of

Malta, in which there was a stalagmitic bone-breccia, he informs

us that he discovered large quantities of the bones of the Hippo-
potamus. Malta is 58 miles from the nearest point of Sicily, and
179 from Cape Demos, the nearest point of the mainland of Africa.

Between Malta and Cape Passaro in Sicily, the charts give sound-

ings of 28, 62, 93, and 30 fathoms.

As the shaped stones are, in the opinion of Dr. Falconer and Baron
Anca, so associated with the bones of the quadrupeds as to lead to

the inference that the hands which fashioned them must have been

contemporaneous with the animals, that part of the human race must
have been in existence at the commencement of the time required
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to remove the greater part of the land now occupied by sea between

Sicily and Africa. Nor is this all ; for if Dr. Falconer and Baron

Anca be right in their belief of Man having been a contemporary

with the Hippopotamus, the most probable explanation seems to me
to be this,—that since the commencement of man's existence there

must have been a continent, now submerged, with the exception of

those parts of it that now form Sicily, Malta, and Gozo, through which

a great river flowed, in whose waters vast herds of those monstrous

animals swam, and on whose marshy banks they bred for successive

generations.

Modern discoveries in ethnology and philology afford cumulating

proofs of the very remote antiquity of the human race. The Rev.

Dr. Williams, in his review of Bunscn's ' Biblical Researches,' ob-

serves :
—" There is no point in which arehreologists of all shades

were so nearly unanimous as in the belief that our Biblical chro-

nology was too narrow in its limits ; and the enlargement of our

views, deduced from Egyptian records, is extended by our author's

reasonings on the development of commerce and government, and

still more of languages, and physical features of race. How many
years are needed to develope modern French out of Latin, and Latin

itself out of its original crude forms ! How unlike is English to

Welsh, and Greek to Sanskrit, yet all indubitably of one family of

languages ! What years were required to create the existing diver-

gence of members of this family ! How many more for other families,

separated by a wide gulf from this, yet retaining traces of a primeval

aboriginal affinity, to have developed themselves, either in priority

or collaterally ! The same consonantal roots, appearing either as

verbs inflected with great variety of grammatical form, or as nouns
with case-endings in some languages and with none in others, plead

as convincingly as the succession of strata in geology for enormous
lapses of time*."

There undoubtedly exists a widespread belief that the first ex-

istence of man belongs to a period not very remote from history or

tradition. Every discovery which threw a doubt on the correctness

of that belief was, until very recently, regarded, even by well-

instructed geologists, as an imperfect observation, in which con-

comitant circumstances had been overlooked, which would have
shown that the inference of a great antiquity was erroneous ; nor
have those who were led to make such inferences been always

exempt from the charge of irreverently maintaining opinions at

variance with Sacred Writ. To what cause can we ascribe this

incredulity? How does it arise that, while the statements of

geologists that other organic bodies existed millions of years ago are

tacitly accepted, their conclusions as to man having existed many
thousands of years ago should be received with hesitation by some
geologists, and be altogether repudiated by no inconsiderable number
among other educated classes of society ? It is true that negative

proof is brought forward that human bones have never been found
associated with those of extinct animals ; but granting this to be
correct, which recent discoveries show that it is not (and the rarity

* Essays and Keyiews, p. 54. London, 1860.

e 2
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of their occurrence is capable of being accounted for on many rea-

sonable grounds), still against such merely negative evidence we
have undeniable proofs, in numerous places^ of the existence of such

an association with man's works, and even many instances of his

having applied the bones of such animals to his wants. My own
conviction is, that this wide-spread belief of the recent existence of

man is to be ascribed, so far at least as this country is concerned, to

the impression made by the lesson taught in early youth, the sound-

ness of which is not questioned in after-life, by that marginal note

in our Bibles over against the first verse of the first chapter of the

Book of Genesis, that " In the beginning God created the heaven and
the earth " [four thousand and four years before the birth of Christ].

It is more than probable that of the many millions of persons who
read the English Bible, a very large proportion look with the same
reverence upon that marginal note as they do upon the verse with
which it is connected.

It will be useful to look into the history of this date of 4004
years, given, with so much precision, for the creation, not of this

our earth only, but of the universe, and to inquire into the authority

by which an addition of so much import is made to the sacred text.

The author of the chronology given in the margin of our Bibles

was Usher, Archbishop of Armagh. I make no allusion to any part

of the learned prelate's system, except the date he assigns for the

creation of the world : that date comes properly within the province

of the geologist
;

for, as the almost religious belief in its accuracy is

an obstacle to the acceptance of the conclusions to which he is led by
a careful study of the facts which the structure of the earth exhibits,

he is fairly entitled to deal with it.

In the eighth volume of the Archbishop's Works*, there is a
treatise with the following title :—

' Annales Veteeis Testamenti, a
prima mundi origine deducti,' and in p. 13 of that treatise we find

the following sentence :
—" In principio creamt Deus ccelum et terram,

quod temporis principium, juxta nostrum chronologium, incidit in

noctis illius initium, quo? vigesimum tertium diem Octobris prceeessit,

in anno periodi Julianas 710." Then follows :—" Primo igitur sceculi

die, Oetobris vigesima tertia, feriu prima, cum supremo coelo creavit

Deus angelos : deinde summo operis fastigio primum perfecto, ad ima
mimdunce hiijus fubricce fundamenta progressus mirandus artifeoc,

infimum hunc globum ex abysso et terra conjlatum eonstituit."

In the eleventh volume of the same edition of the prelate's works
there is a treatise with the title— ' Cheoxologia Sacea,' in the

second chapter of which the Archbishop thus settles the number of

years, before the birth of Christ, for the creation of the world :

—

" Ita a vespera primum mundi diem aperiente, usque ad medium
noctem initium pr&bentem, 25. quidem diei Decembris, quo Christum

naium sipiionimus, annos Jidiunos 3999. menses rpiaKovQnp.epovs 2.

dies 4. et horas 6. Kulendis vero Junuariis unni periodi Jidiunos

4714. (a quibus vulgaris (erce christiance exordium deducimus) unnos

4003. menses 2. dies 11. et horas 6. decurrisse colligimus." This,

therefore, is the authority upon which the confident belief is founded,

* Edition printed at Dublin in 16 vols. 8vo.
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that man could not possibly have existed upon the earth for a longer

period than considerably less than 4000 years b.c.

But this determination of the Archbishop is only one of many
dates which chronologists, in their vain calculations, have presumed
to assign to this the most stupendous of all events, to attempt to

form a faint idea of which, in anything relating to it, will ever be
gross presumption and folly. In the well-known work, ' L'Art de

verifier les Dates,' the following passage occurs :
—" Les chronolo-

gistes sont loin d'etre d'accord sur le nombre des annees du monde.
Desvignoles (Cbronologie de l'Histoire Sainte, preface) assure qu'il a
recueiile plus de 200 calculs differents, dont le plus court ne compte
que 3483 ans depuis la creation jusqu'a 1'ere vulgaire, et le plus long

en suppose 6984." There then follows a " Table des annees ecoulees

depuis Adam jusqu'a la naissance de Jesus Christ, selon le calcul

des principaux chronologistes," numbering 108, beginning with
" Alphonse X, roi de Castille, mort le 24 Avril 1284, dans

les Tables de Jean Midler, appele aussi Regiomontanus 6984,"

and ending with

"Louis Lippoman, savant Venitien, mort en 1554 3616."

The Bev. Dr. Hales, in his ' New Analysis of Chronology,' gives

a similar list of " Epochs of the Creation," and adds :
—" Here are

upwards of 120 different opinions, and the list might be swelled to

300. This specimen, however, is abundantly sufficient to show the

disgraceful discordance of ehronologers even in this prime era."

I have endeavoured, by inquiries at Oxford, Cambridge, Edin-
burgh, and at the Queen's printers in London, to ascertain by what
specific authority, Royal or ecclesiastical, the date of 4004 was
added to the first verse in Genesis in the authorized version, and
I have not been able to discover that any record exists of such an
authority. In Lewis's ' Complete History of the Translations of the

Holy Bible into English*,' it is stated, in p. 349, that, to an edition

in folio of the Bible, published in 1701, under the direction of Arch-
bishop Tenison, Dr. Lloyd, Bishop of "Worcester, added chronological

dates at the head of the several columns, and on the margin of the

title of Genesis the following :—" Year before the common year of

Christ, 4004." This edition is to be seen in the British Museum

:

it was " printed by Charles Bill and the executrix of Thomas New-
comb, deceased, printers to the King's Most Excellent Majesty."

The copy of the Bible in the Bodleian Library, Oxford, in which
that date first appears over against the first verse of Genesis, bears

the date of 1727 ; but there is no doubt that for more than a cen-

tury and a half that unauthorized marginal note has been added, up
to the present timet.

* By John Lewis, A.M., 1738. New edition, London, 1818.

t In the Royal Library at Eerlin, I last summer found a folio Bible, printed

at Liege in 1702, being a French translation with the Latin Vulgate side by side,

and over against the first verse of the first chapter of Genesis there is printed in

the margin 4004 years for the creation of the world.

Editions of the Bible with marginal notes, printed at Oxford and Cambridge
in the year 1858, and an edition by the Queen's Printer in London, with the

date of 1860, hare the same date for the same event.
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I have thus laid before you the origin of this settled point in Sacred

History as taught at this day in our schools*, and, from its juxta-

position to the text of the Bible, held in veneration by millions, there

is every reason to believe, as an undoubted truth. The study of

geology has become so general that those who are instructed in its

mere elements cannot fail to see the discrepancy between this date

and the truths which geology reveals. The youth is told in the

morning at school, probably by his own minister of religion, as I

myself have witnessed, that not more than about 6000 years have

elapsed since the creation of the world. In the evening he may
attend a lecture on geology, very possibly by one of the ninety-three

clergymen who are Fellows of this Society, and hear that, in a work
just issued from the press (a Lecture by a Professor in the University

of Oxford, delivered before the Yice-Chancellor of the University of

Cambridge), it is stated that " the probable length of time required

for the production of the strata of coal, sandstone, shale, and iron-

stone in South Wales is half a million of years f." It is thus easy

to see what a confusion must be created in the youth's mind, and
that he will involuntarily ask himself, " Which of the two state-

ments am I to believe?" There can be very little doubt what his

decision would be ; for he found the lecturer resting his statement on
unmistakeable records preserved in the great book of Nature, the

genuine incorruptible register of God's works ; whereas his school

instructor had adduced no evidence from the sacred text for his

averment. To remove any inaccuracy in notes accompanying the

authorized version of our Bible is surely an imperative duty. The
retention of the marginal note in question is by no means a matter

of indifference : it is untrue, and therefore it is mischievous. If in

future editions this erroneous date be removed, the omission of any
other will best express that entire ignorance of " The Beginning"
which no human power will ever be able to dispel.

I cannot conclude this subject better than by quoting the eloquent

words of one of the most able and accomplished of our Associates,

the Bev. Adam Sedgwick, who, in the Appendix to his Discourse

on the Studies of the University of Cambridge, thus expresses

himself j :

—

" Between the first creation of the earth and that day in which
it pleased God to place man upon it, who shall dare to define the
interval? On this question Scripture is silent; but that silence de-

stroys not the meaning of those physical monuments of his power
that God has put before our eyes, giving us, at the same time,

faculties whereby we may interpret them and comprehend their

meaning. In the present condition of our knowledge, a statement

* The event is so recorded in three school histories of the Old Testament now
selling at the Book Depository of the National Society for Education of the
Established Church. In a school-book with the title of ' Scripture Lessons,'

published by direction of the Commissioners of National Education in Ireland,
" The Creation, b.c. 4004," stands at the head of the First Lesson ; and in the
preface it is stated, " These Lessons, as the name imports, are drawn from the
Sacred Volume."

t Professor Phillips. ' Life ou the Earth.' p. 134.
+ Fifth edition, 1850, p. 110.
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like this is surely enough to satisfy the reasonable scruples of a

religious man. But let us, for a moment, suppose that there are

some religious difficulties in the conclusions of geology. How then
are we to solve them ? Not by making a world after a pattern of

our own, not by shifting and shuffling the solid strata of the earth,

and then dealing them out in such a way as to play the game of an
ignorant hypothesis ; not by shutting our eyes to facts, or denying
the evidence of our senses, but by patient investigation, carried on
in the sincere love of truth, and by learning to reject every conse-

quence not warranted by direct physical evidence. Pursued in this

spirit, geology can neither lead to any false conclusions, nor offend

against any religious truth."

Appendix to Mr. Horner's Anniversary Address.

In stating the evidence for the early existence of the Human Eace,

I give a passage from an essay by Dr. Williams, to sbow that modern
discoveries in ethnology and philology afford cumulating proofs of

the very remote antiquity of man. When that paragraph was printed

I had not seen an unpublished memoir, entitled ' On the Antiquity

of Man, from the evidence of Language,' by John Crawford, Esq.,

F.R.S., President of the Ethnological Society, and author of ' The
Grammar and Dictionary of the Malay Language,' published in

1852. From that memoir I quote, with the permission of the author,

the following passages :—
" The periods usually assigned for Man's first appearance on earth

necessarily date only from the time when he bad already attained

such an amount of civilization as to enable him to frame some kind

of record of his own career, and take no account of the many ages

which must have transpired before he could have attained that

power. Among the many facts which attest the high antiquity of

Man, the formation of language may be adduced, and in the course

of this short paper, I shall endeavour to bring forward a few of the

most striking facts which it yields.

" Language is not innate, but adventitious—a mere acquirement,

having its origin in the superiority of the human understanding, like

any other acquisition derived from the same source. The evidence

that such is the case is abundant. Infants are without language,

and we see them slowly and gradually attaining it, in proportion as

the brain acquires maturity. Children acquire with equal facility

any language whatsoever; they can forget the first acquired lan-

guage, and learn another.
" Among the unquestionable proofs that language is not innate,

is the prodigious number of languages which exists,—some with a

very narrow range of articulate sounds, others with a very wide one ;

some with words confined to single syllables, and others having

many; some being of very simple, and others of a very complex

structure. Such a state of things necessarily implies that each

tongue was a separate and distinct creation, or that each horde

framed its own independent tongue.
" If additional confirmation of the fact that language is an adven-
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titious acquirement were wanting, it will be found in this, that a

whole nation may lose its original tongue, and in its stead adopt any-

foreign one. The language which was the vernacular one of the

Jews 3000 years ago has ceased to be so for above 2000, and the

descendants of those who spoke it are now speaking an infinity of

foreign tongues,— sometimes European and sometimes Asiatic.

Languages derived from a single tongue of Italy have superseded

the many native languages which were once spoken in Spain, in

France, and in Italy itself. A language of German origin has nearly

displaced, not only all the native languages of Britain and Ireland,

but the numerous ones of a large portion of America. Some eight

millions of negroes are planted in the New World, whose forefathers

spoke many African tongues. These African tongues have nearly

disappeared, having been supplanted by idioms derived from the

German and Latin languages.
" It necessarily follows from what has now been stated, that Man,

when he first appeared on earth, was destitute of language. He had
to frame one : each separate tribe framed its own, and hence the

multitude of tongues. However difficult may appear to us the task

of framing a language, there can be no doubt that in every case the

framers were arrant savages, which is proved by the fact, that the

rudest tribes ever discovered had already completed the task of

forming a perfect language. The languages spoken by the grovelling

savages of Australia are in this state, and even more artificial and com-
plex in their structure than those of many people far more advanced.

" The first rudiments of language must have consisted of a few
articulate sounds in the attempts made by the speechless but social

savages to make their wants and wishes known to each other ; and
from these first efforts to the time in which language had attained

the completeness which we find it to have reached among the rudest

tribes ever known to us, countless ages we must presume to have

elapsed.
" In every department of language we find evidence of the great

antiquity of man. Between the time, for example, when men had ac-

quired the art of fashioning a club, of kindling a fire, and of making
a flint knife, and that in which writing was invented, many ages

must have passed. The conditions of quality of race and of local

advantages must have been propitious to allow of the discovery

having been at all ; and so we find that it never has been made
where these were not favourable.

" The Egyptians must have attained a large measure of civiliza-

tion before they had invented symbolic or phonetic writing, and yet

we find these in the most ancient of their monuments
" From the sketch which I have now given of the formation of

language, the conclusion is, I think, inevitable, that the birth of Man
is of vast antiquity. He came into the world without language, and
in every case had to achieve the arduous and tedious task of con-

structing speech which, in the rudest form in which we find it, it

must have taken many thousands of years to accomplish."—L. H.
March 26, 1861.
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William T. Blanford, Esq., of the Geological Survey of India

;

the Eev. Thomas Bigsby Chamberlin, Kirton-in-Lindsey, Lincoln-
shire ; James Sparrow, Esq., Cymmau Hall, near Wrexham ; and
Richard Fort, Esq., Bead HaU, near Whalley, Lancashire, were
elected Fellows.

The following communications were read :

—

1. On the Denudation of Soft Strata.

By the Rev. 0. Fisher, M.A., F.G.S.

(Abstract.)

The author first described the general features of the north-eastern

portion of Essex, which consists, in part, of table-lands of gravel,

with valleys cut into the subjacent London Clay and terminating

seaward in tidal rivers, and, in part, of a gently undulating surface

of London Clay, from which the gravel has been mostly swept clean

away, except in places where flat outlying tracts of gravel still

remain: these features extend also into the neighbouring county

of Suffolk. The tidal rivers are evidently nothing more than a con-

tinuation of the valleys beneath the sea-level ; and the same may be

said of irregularly shaped inlets of the sea, like that behind Walton-
on-the-Naze, which is a submerged valley in the part of the district

where the surface is composed of London Clay.

The present configuration of such a district cannot be due, in the

author's opinion, to the action of such causes as we now see in

operation on the coast combined with a slow and continued elevation

VOL. XVII. PART I. B
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of the land. Sea-waves cannot excavate long narrow inlets in ho-

mogeneous beds (such as Chalk), nor in horizontal beds, such as the

gravel and clay of the district under notice ; for the effect of sea-

waves is to form long and approximately straight lines of cliff. Any
curvature seen in such a line of cliff will be found to be due to some
disturbing cause, as a variation in the resisting power of the strata,

or the set of a current, or exposure of some parts to a greater force

of wind, in which cases a bay will be formed, but not a long and
winding creek.

If it were possible (which the author denied) for such valleys as

those of the district under consideration to be formed by wave-
action, their sides should present the appearances of degraded cliffs,

masked with a talus of gravel derived from their crests ; instead of

which, their sides are rounded, the gravel-beds thinning out at the

hill-top, and the clay exposed on the sides ; nor is there any evidence

of the existence of shingle-beds at the foot of the hills.

The only other agency of an ordinary character to which such

denudation could be attributed seems to be tidal action, either at a

time when the district was under water, or else during a gradual

rise. But it seems impossible that the diurnal slow passage of a

body of water to and fro over a sea-bottom could sweep out diverging

narrow channels, carrying clean away gravel charged with large

pebbles. Nor does the second supposition seem more favourable for

the purpose, because the rapidity of the current in the tidal portions

of the rivers, as we see them, is not competent to do more than to

keep clear a comparatively narrow channel in their centres, the sides

becoming covered with a deposit of mud (dry at low water), which,
in the upper portions, forms alluvial tracts of meadow-land ; nor does

there seem any reason why the denuding power of the tidal rivers,

during a gradual rise, shoidd be greater than at present.

Mr. Fisher does not see any other way of accounting for such a

form of surface as obtains in this district, and in many others com-
posed of yielding strata, than by a superincumbent mass of water
rapidly draining off from a fiat or slightly dome-shaped area. Slight

depressions, cracks, or hues of readily yielding materials would first

determine the course of the streams of drainage ; and these would
cut channels which would be more or less completely scoured out
according to the velocity of the water. Where the gravel-covering

of such a district was cut through, the clay beneath would be chan-
nelled with a narrower and deeper valley,—the cutting power of the
water being also assisted by the gravel hurried along with it ; and
where the gravel was wholly removed, the valleys would be wider,

and the intermediate high ground rounded instead of being flat-

topped. This character of surface is seen in the most eastern portion

of Essex, and in nearly all clay-districts which are not low and flat.

The surface of the mud of a tidal river left dry at low water shows,
on a small scale, a configuration identical with that described, and
clearly due to the draining off of the superincumbent water when
the tide falls. The only difference in the mode of action is that, in
this case, sediment, instead of being swept away, after having been
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deposited, is not permitted to accumulate, so that a slower movement
of the water is effectual daily to clear out the little valleys. These

valleys in the surface of the mud are not formed by wavelets, which,

at low water, begin to cut a miniature straight cliff at the margin of

the mud.
These arguments lead the author to infer that the land must have

been elevated by a sudden movement sufficient to have caused a

rush of water from the raised portions to seek a lower level,—either

the land being raised high and dry at once, or the sea-bottom raised,

though still remaining beneath water. Such an elevation might be
repeated again and again with intervals of submergence ; and many
of the phenomena connected with sunk forests, and other Pleistocene

phenomena, seem to show that such conditions have really obtained

in places at considerable distances apart.

The author stated that, in his opinion, escarpments, such as are

so common among the secondary and tertiary strata, are rarely old

cliffs, and he thinks that their rounded forms are due to such agency
as he has described. In forming this opinion, he relies upon the

following arguments :

—

Cliffs in the softer beds run in approximately straight lines, or

sweeping curves, while escarpments abound in nooks and combs
running up into the hill-face (according to his view, gullies), down
which the water has poured where it happens to have broken through
the crest. Again, a line of cliff usually cuts off stratum after stratum,

while the line of an escarpment usually follows the course of one
stratum, and is entirely determined by the intersection of an approxi-

mately constant level with its undulating surface, that level rising

slightly where the stratum is harder, and sinking where it is softer.

Again, in an escarpment, like those of the Chalk, the mouths of the

valleys run down into the plain below ; but in a cliff many valleys

are seen to be cut off at a level considerably above the beach,—

a

condition which would be clearly marked in a hill-side which had
formerly been a cliff. The author cannot remember to have ever

seen such a termination to a valley in the face of a Chalk or other

escarpment.

Proofs of torrential action in Chalk-districts were referred to,

—

for instance, the perfect drainage-system of the dry valleys of Salis-

bury Plain and other extensive tracts of Chalk-downs, the loose

flints filling the bottoms of such valleys, and the immense blocks of

tertiary pudding-stone and " Druid-sandstone," scattered along the

bottoms of Chalk-valleys, as in the Portisham and Bridehead valleys

near Weymouth, and the Marlborough " Wethers " in Wiltshire.

Mr. Fisher also thinks that he sees evidence of the friction of a

great body of water rushing down a hill side in the manner in which
vertical or nearly vertical strata are usually bent over at their ex-

posed edges.

In estimating the denuding power of such a cause as that sug-

gested, it is evident that the effects would be least of all on water-

sheds, great at the crests of valley-sides, and greatest of all in their

bottoms, and that, where the velocity was diminished from any
b2



4 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Nov. 7,

cause, sediment and brick-earth, would be left behind. The author

also sees an agency competent to deposit an extensive spread of

brick-earth in the unlading of icebergs,—the coarser gravel sinking

more quickly, and the finer particles and angular splinters less

readily, and being liable to be stirred up and raised higher by every

fresh shower of gravel falling upon them.

The author, having shown that the contour of the existing surface

of our softer strata and other observed phenomena seem due to the

sudden uprising of the land from beneath the sea, next inquires

whether there have been more than one such movement, and whether
these have been combined with periods of depression. Without en-

tering into any detail on this part of the subject, he remarked that,

the present contour being in the main the same as it was at the

period of the great-mammalian fauna (only less elevated), there

must have been a sudden elevation preceding that period, and that,

during subsequent depressions, the valley deposits were formed in

which the mammalian bones lie entombed, the valleys having been
again partially re-excavated by the repetition of a sudden but less

lofty upheaval.

Lastly, it was pointed out that sudden vertical movements of the

surface on a grand scale are of as probable occurrence as those lesser

movements with which we are historically acquainted ; for the earth's

crust, to the depth of at least many miles, is rigid to such a degree

that great changes of position in its parts cannot occur without

actual disruption of the strata, as all faults testify. Its movements
are not those of a flexible or semifluid envelope. Now, the pres-

sure requisite to rupture nearly rigid strata will accumulate enor-

mously before they yield to it. causing probably a slow and gradual

movement from the want of absolute rigidity ; but when once they

are raptured, they will be thrown up or down with a sudden move-
ment. This will be true even on old lines of fault, for it will reqtiire

a great and new accumulation of force to overcome the friction on

the line of fault ; but when once the rocks are set in motion, the

resistance caused by the friction will be much less, according to a

well-known principle in mechanics. Again, if lateral pressure,

arising from failure of support, be the nature of the force which has

elevated tracts of the earth's surface (which is the author's persua-

sion), such a pressure might accumulate very greatly without pro-

ducing any vertical movement ; but as soon as any local circum-
stance determined the course of an anticlinal or fault, the edges of

the strata on one or both sides of that line would begin to be raised

with reference to the neighbouring parts, and the pressure which, as

in a bridge, had long existed in the plane of the crust without pro-

ducing motion, would now act at an angle to the beds with momen-
tarily increasing advantage, as in a bridge beginning to fall, tilting

them into inclined positions, probably crushing them, and producing
minor dislocations at the same time.

Thus, by mechanical considerations, the author is led to believe

that the ordinary nature of the greater movements of the earth's

crust must be sudden.
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2. On an Undesceibed Fossil Feen from the Lowee Coal-Measuees
of Nova Scotia. By Dr. J. W. Dawson, F.O.S.

(Abstract.)

In a paper on the Lower Carboniferous rocks of British America,
published in the 15th volume of the Geological Society's Journal,

Dr. Dawson noticed some fragmentary plant-remains which he re-

ferred with some doubt, the one to Schizopteris (Brongn.), and the

other to Sphcereda (L. and H.). With these were also fragments

of a fern resembling Sphenopteris {Cyclopteris) adiantoides of Lindley

and Hutton. Since 1858 the author has received a large series of

better-preserved specimens from Mr. C. F. Hartt ; and from these he
finds that what he doubtfully termed the frond of Schizopteris is a

flattened stipe, and that the leaflets which he referred to Sphenopteris

adiantoides really belonged to the same plant. Mr. Hartt's speci-

mens also lead Dr. Dawson to suppose that what he thought to be

Sphceredce were attached to the subdivisions of these stipes, and may
be the remains of fertile pinnae, borne on the lower part of the stipe,

as in some modem ferns. This structure he regards as being some-
thing like what obtains in the Cuban Aneimia adiantifolia, as pointed

out to the author by Prof. Eaton, of Yale College. No sporangia

are seen in the fossil specimens.

Dr. Dawson offered some remai'ks on the difficulties of arranging

this fern among the fossil Cyclopterides, Noeggerathice, and Adian-
tites

;
and, placing it in the genus Cyclopteris, he suggested that it

be recognised as a subgenus (Aneimites) with the specific name
Acadica.

The regularly striated and gracefully branching stipes, terminated

by groups of pinnules on slender petioles, must have given to this

fern a very elegant appearance. It attained a great size. One
stipe is 22 inches in diameter, where it expands to unite with the

stem ; and it attains a length of 21 inches before it divides into

branches. The frond must have been at least 3 feet broad. The
specimens are extremely numerous at Horton.

The author then noticed that the long slender leaves so common
in the Coal-measures of Nova Scotia, and hitherto called Poacites,

though sometimes like the stipes of Aneimites, are probably leaves of

Cordaites.

On some specimens of Cyclopteris (Aneimites) Acadica, markings
like those made by insects have been observed ; also a specimen of the

Spirorbis carbonarius.
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3. On the Sections oe Strata exposed in the Excavations for the

South High-level Sewer at Dulwich ; ivith Notices of the Fossils

found there and at Peckham. By Charles Rickman, Esq.

(Communicated by the Assistant-Secretary.)

(Abstract.)

In the autumn of 1859, open cuttings were made at Peckham, in

connexion with the " EfFra branch of the Great South High-level

Sewer," for the " main drainage " of the metropolis south of the

Thames ; and in the following spring a tunnel (330 yards in length)

was being constructed under the Five-fields at Dulwich. The beds

exposed in both sections belong to the "Woolwich and Reading
Series" of the Lower London Tertiaries (Prestwich).

Four shafts were sunk to facilitate the driving of the tunnel ; and
the following beds were exposed

;
but, as some of the beds are not

persistent, but die out even within the extent of the tunnel, the

several shafts differed as to the sections obtained from them.

1. Soil, 9 inches. 2. Loamy clay (probably London Clay) ; 12 ft.

Not in shaft No. 1 (the most easterly), nor in No. 4 (the most
westerly), owing to the convex surface of the ground. 3. Light-

coloured clay ; 6 to 9 ft. 4. lleddish sand ; 5 ft. (not in No. 4 shaft).

5. Dark clay ; 1 ft. 10 in. 6. Blue clay; 2 ft. (not in No. 4). 7.

Dark clay ; 1 ft. (in No. 1 only). 8. Paludina-bed ; G to 15 inches.

[Fossils: Pitharella Richmani (Edwards),Palvdma lenta,P. aspera(?).

Bones and scales of Fish. Leaves.] 9. Cyrena-bed ; 1 to 2 ft.

[Cyrena cuneiformis, &c] 10. Oyster bed; 1 to 3 ft. [Ostrea tenera,

0. pidchra, 0. Bellovacina, 0. elephantopus, 0. edulina, Bysso-arca

Cailltaudi (?), Cyrena cuneiformis, C. deperdita, C. cordata, C. ob-

ovata, Melania inquinata, Melanopsis brevis, Modiola elegans,Fusus(?),

Cahfptro?a trochiformis, Corbula.] 11. Loamy sand ; Sin. (in No. 4
only). 12. Red sand ; 2 ft. (in No. 4 only). 13. Blue clay ; 2 ft. 6 in.

[Leaves.] 14. Dark sand ; 8 to 28 in. 15. Blue clay ; 18 in. to

9ft. [Laminated ; rich in Leaves, Lignite, Seed vessels. Rissoa,

Cyrena Dulivichensis (Rickman).] 16. Dark sand; 2 to 4ft. 17.

Light-coloured clay ; 2 ft. 6 in. (in No. 4 only). 18. Shell-rock
;

4 ft. thick, sometimes intercalated with stiff blue clay. [Cyrena
Didivichensis (Rickman), C. cordata, C. deperdita, C. cuneiformis,

Melania inquinata, Melanopsis, Neritina, Pitharella Richmani (Ed-
wards), Unio, Teredines in Lignite, Scutes of Crocodile, Fish-scales,

Chelonian and Mammalian bones.] 19. Clay ; 14 ft. and more :

reached only by the main shaft, No. 3, which appears to have been
sunk at the apex of a low anticlinal ; the beds gently dipping away
E. and W.

All the fossils appear in their respective beds both at Peckham
and Dulwich.
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November 21, 1860.

Eobert Jones Garden, Esq., 63 Montagu Square ; and Robert
Home, Lieut. R.E., Royal Staff-College, Sandhurst, were elected

Fellows.

The following communications were read :

—

1. On the Geology of Bolivia and Southern Peru.

By David Forbes, Esq., F.R.S., E.G.S., &c.

[Plates I., II., III.]

Contents.

Introduction.

1. Tertiary and Diluvial Formations
of the Coast.

2. Saline Formations.

3. Diluvial Formations of the Inte-

rior.

4. Volcanic Rocks.

5. Dioritic Rocks.

6. Upper Oolitic Series with inter

stratified Porphyritic Rocks.

7. Permian or Triassic Formation.
8. Carboniferous Formation.
9. Devonian Formation.

10. Silurian Formation.

Introduction.—In laying before the Society a statement of the ob-

servations made during an examination of Peru and Bolivia, in the

years 1857, 1858, 1859, and 1860. I may observe that the present

memoir is to be considered as the first part of a report of the results

obtained during my travels in South America during these years

;

and, consequently, it is believed that the conclusions here arrived at

will have more weight when considered in conjunction with the ob-

servations on the geology and mineralogy of the neighbouring re-

publics of Chile and the Argentine provinces, which subsequently I

shall have the honour to lay before the Society,—more particularly

as several of the geological formations not well developed or examined
into in the district forming the subject of this memoir exhibit them-
selves much more characteristically further south.

Many points will be found not so elucidated or examined into as

could be desired, and might appear to have been neglected ;
this,

however, has not arisen from oversight, but is due to the great dif-

ficulties and frequently severe privations encountered in exploring a

country in many parts entirely uninhabited or in next to a savage

condition, and further by my having been limited as to time and
pecuniary resources, and hampered by other occupations and by the

political state of the country.

In the construction of the accompanying Map and Sections (Plates

I. & II.), Nos. 1 & 2 of which give a good idea of the structure and

formation of the different mountain-ranges of the Andes, the hori-

zontal distances are laid down from the best local information which

could be procured, and from data furnished by the Bolivian Govern-

ment-survey lately completed. For the vertical altitudes in addi-

tion to those determined by myself barometrically, and occasionally

by boiling-point and trigonometrical observations, I have employed

some of the heights noted on Mr. Pentland's map,—and further the
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following series of observations made by a gentleman for some time

my fellow-traveller, Captain Friesach, of the Austrian army, as given

in tbe annexed Table.

Locality.

Arica

Tacna
Pachia
Palca
LaPortada
Alto de Guaylillos

Ancara
Uchusuma
Rio Mauri
Pailumaiii

Chulluneayani (pass)

Santiago de Machaca
San Andres de Machaca .

.

Nasacara
Surire

Pacheta del Rio Colorado...

Coniri

Biacha
Unduavi
Highest points between 1

Unduavi and La Paz... J
Tambillo de Laja
Disaguadero
Alto de Potosi

Elevation
above sea
in English

feet.

20
1,950

3,580
9,700

12,630
14,650
13,750
13,910

13,560

14,725

13,680

12,770

12,890

12,710
13,565
14,210

12,950
12 780
10,780

15,630

12,830
12.680

13,580

Locality.

Elevation
above sea
in English

feet.

La Paz (highest part) .

La Paz (Alameda)
Millocato

Cotaha
Hacienda de IUiniani

Santiago

Rio de la Paz on entering 1

Tungas J

Rio de la Paz below Toca. .

.

Yrupana
River below Yrupana
Culumani
Rio de Tanampayo
Coripata

Corioco
River near Corioco
Sandillan

Highest point between 1

Sandillan and Unduavi J

Copacabana
Puno (shore of LakeTiticaca)

Ariquipa (plaza)*

Summit of Misti, or vol-

cano of Ariquipa*

* The height of the plaza of Ariquipa was determined by the Torricellian

experiment, and found as stated above ; the summit of Misti or volcano of

Ariquipa was found to be 11,436 feet above the plaza by a trigonometrical

measurement.

And lastly, in addition to these, the following Table of heights of

mountains in English feet has been calculated from some of the

results obtained by the recent Government-survey of Bolivia.

Mountain.

Illampu
lllimani

Sajama (volcano) ,

Coololo (Apolobaniba) . .

.

Huayna Potosi

Cachacomani (volcano)..,

Quenuata f peaks of Tacora
Chipicani 1 (volcano)

Elevation
above sea
in English

feet.

24,812
24,155
23,014
22,374
21,882
21,583
21,252

22,687

Mountain.

Mururata
Callinsani

Potosi

Tunari de Coehabamba
Hermoso de Aullagas
Portugalete

Espejos

Misti (volcano of Ariquipa)

Elevation
above sea
in English

feet.

20,418
20,530

15,724
15.608

15.747

14,720

9,337
20,150
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The strike and dip of the rocks, when not otherwise stated, are

given with reference to the magnetic meridian.

In the arrangement of my notes it was found most satisfactory to

classify them according to the geological age of the deposits in ques-

tion, commencing with the most recent.

1. Tertiary and Diluvial Formations of the Coast.—The older

Tertiary beds of shells so characteristic of many parts of the Chilian

line of coast do not appear to present themselves from Mexillones

northward to Arica ; but we find at intervals shell-beds, containing

exclusively shells of species now inhabiting these waters, elevated to

a small height above the sea : I did not, however, observe any beds

reaching an elevation of 40 feet above the present sea-level ; and
although the whole line of coast shows unquestionable signs of re-

cent elevation, still the evidence is not so satisfactory, and appears

to point out a much more irregular action than further south along

the Chilian coast-line.

At Cobija 1 discovered a bed of shells in the immediate neigh-

bourhood, to the south of the port, about 25 feet above the present

sea-level; and, on examination, this was found to contain only species

at present inhabiting these waters. Among these shells I recog-

nized the following genera :

—

Concholepas. Fusus. Patella.

I found also fragments of an Echinus and bones of a Seal. Whilst
digging in this bed, I came upon a small piece of wood in a decayed

state, which evidently had been shaped by human hands, and bore

marks of having been cut by a sharp tool, most likely of steel, as

some of the cuts appeared much too defined to be attributed to a

stone or other dull instrument.

On the rocks close to the town are some deposits of guano, which
are being worked to advantage, although in quality and thickness

much inferior to the guano from the Chinchas Islands pertaining to

Peru. These deposits are situated at from 20 to 40 feet above the

sea-level, and in appearance are very similar to the Chinchas beds

on a small scale.

On the surface of these deposits, and also between the beds of the

same, my attention was attracted by a crust or bed of a harder sub-
stance, of a light-brown colour, varying in thickness from a few
inches to one or more feet, and possessing a semicrystalline and
rather saline appearance, with occasionally a faint ammoniacal odour.

On examination I found it to contain a large amount of ammonia
in a state of combination ; and, at the request of the Bolivian Go-
vernment, it was analysed by Mr. Prancis Ignacio Eickard, of Val-
paraiso, who obtained the following per centage composition :

—

Mactra.
Venus (2 species).

Mytilus.

Tellina,

Oliva.

Trochus.
Turbo.
Turritella.

Fissurella (2 species).

Chiton.

Serpula.

Balanus.



10 PROCEEDINGS OE THE GEOLOGICAL SOCIETY. [Nov. 21,

Water
Organic matter

Chloride of ammonium
Phosphate of lime . . .

Sulphate of lime

Chloride of sodium . . .

Sand

12-45

17-48

30-20

10-00
0-80

16-03

1-60

98-56

From the above results it is evident that this substance had been

produced by the action of sea-water, probably thrown up in the form

of spray, on the guano-beds. The amount of ammonia contained in

this material being much greater than in the unaltered guano itself,

this substance, formerly thrown aside as worthless, is now exported

in large quantities, under the name of " Huano petrificado," realizing

a price considerably higher than the guano with which it occurs.

The low elevation of these guano-deposits above the present sea-level,

and their thickness, which is frequently not less than 10 to 15 feet,

sufficiently prove that, in parts at least, they are of later origin than

the shell-beds previously described. Other similar guano-deposits

are met with at Mexillones, Algodon Bay, the newly discovered San
Felipe Islands, and at various parts along the coast.

At several places along the coast the raised beaches are strongly

impregnated with salt, which occurs both in the form of small layers,

or imbedded, as well as irregularly distributed in the diluvial detritus.

This is the case at Molle, Ceremono, and Patillos, all to the south of

Iquique, and several other places. These saline deposits are found

at the height of from 10 to 40 feet above the present sea-level ; at

the two first-mentioned places the salt is so abundant that cargoes

have occasionally been shipped from them. On the top of the Morro
de Arica, a hill about 500 feet above the sea, small superficial layers

of tolerably pure salt, from | in. to 3 inches in thickness, are also

met with ; and the fissures on the side of the same hill are often found

to be filled with veins of salt.

At Arica I was not successful in finding Balani and Milleporce

attached to the sides of the " Morro " hill, as described by Lieutenant

Freyer* ; and the many loose sea-shells met with on the sides and
summit of the same I believe to have been brought there by the nu-
merous sea-birds, probably assisted, on the south slope, by the action

of the winds and shifting sands.

That no very perceptible elevation has taken place in the imme-
diate neighbourhood of the Morro of Arica (or, if such an elevation

had taken place, that it has been followed by a subsequent depression

to nearly the same level) during the last 350 years, or since the

Spanish conquest, appears from the numerous Indian tumuli found

along the beach, for miles south of the Morro
;
many of these are not

20 feet, and some probably considerably less, above the present

sea-level. That these tumuli have not been constructed since the

* Darwin's ' Geology of South America,' p. 47.
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Spanish invasion may be inferred from the ornaments of gold found

in them, along with the mummies, one of which I was informed had
been found by Mr Evans, the Engineer of the Arica and Tacna rail-

road, enveloped in a thin sheet of gold.

Along the Coast of Chile, on the contrary, there is the fullest evi-

dence to prove that, since the arrival of the Spaniards, a very consi-

derable elevation of the land has taken place, over the greater part,

if not the whole extent, of the line of coast.

North of Arica, if we accept the evidence of M. d'Orbigny and
others, the proof of elevation is much more decided ; and consequently

it may be possible that here, as is the case about Lima, according to

Darwin, the elevation may have have taken place irregularly in places;

but at the same time a depression or submergence, as at Callao, could

hardly have taken place without having destroyed these Indian tu-

muli, formed in the loose sand, and quite incapable of resisting the

action of the waves, which produce a strong surf along this rugged

coast.

With regard to the evidence of the rise of the land, deduced from
the occurrence of sea-shells strewed over the surface of the higher

ground further inland, it must be remembered that the numerous sea-

birds which feed on shell-fish frequently carry their food to consi-

derable distances from the sea, and likewise that shells are occasionally

transported inland along with the sand in the shifting sand-dunes
which are common enough along the coast ; where the slope is gentle,

as in the immense inclined plains to the north of Arica, this may fre-

quently be the case. These sand-dunes appear to attain their great-

est mobility during the hot season, when the parched sand rolls

along impelled by the slightest breath of wind, and several times re-

minded me of the extraordinary mobility presented by silica and some
other substances in a state of fine division when heated in a crucible

or other vessel, especially if, as it were, provoked by the slightest

touch of a rod.

An observer, travelling quickly over the ground, might easily be
deceived, and regard as evidence of elevation the occurrence at some
few spots of innumerable shells spread over a small area or patch in

the midst of this desert landscape. On examination, these are found

to be a land-shell (a species of Bulimus) about f to 1 inch in length ;

and it is difficult to account for their presence in these spots, desti-

tute of all vegetation, except on the supposition that they have made
their appearance thus abundantly in years favoured with some showers
of rain, which may have developed in these scattered spots a vegetation

sufficient for their sustenance. I have noticed the occurrence of such
spots covered with these shells in the midst of these desert-tracts,

clown to as far south as Choros Bajo, a little north of Coqiiimbo in

Chile. Professor Philippi has also observed them at the Morro de
Mexillones.

The coast from Mexillones to Arica is formed by a nearly con-

tinuous chain of mountains, rising abruptly from the water's edge,

and attaining an average elevation of about 3000 feet, but diminishing

in height towards their northern limit, the Morro of Arica, which
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does not exceed 600 feet above the level of the sea. An occasional

narrow strip of sea-beach is seen bordering this range, and is com-
posed exclusively of the debris of the mountains themselves, which,
being in many places nearly perpendicular, expose to the spectator,

passing along in the coast-steamers, a fine section of the shales,

claystones, and imbedded porphyries which here represent the Upper
Oolitic series, and are occasionally seen disturbed and altered by the

intrusion of dioritic rocks of a later age.

At Arica, however, this range of mountains suddenly recedes from
the coast, leaving an intermediate space, about 30 miles broad and
extending as far northward as examined, occupied by gently sloping

plains, evidently ancient sea-beaches, which rise to the height of

about two thousand feet above the sea-level. These plains, being

for the most part entirely destitute of water (as no rain falls in these

regions), are consequently entirely barren, and present to the eye of

the traveller a most desolate and arid appearance. "When, however,

as in the valleys of Tacna, Sama, and Azapa, a scanty supply of

water does occur, the soil, noted for its surprising fertility, produces

a most luxuriant vegetation of a semi-tropical character.

These plains are composed of sand, earth, and gravel, with abun-
dant fragments, more or less rounded, of the porphyritic, dioritic,

and volcanic rocks forming the coast-range of mountains which
bound them to the eastward. Even after a most careful examination,

no single fragment or boulder of any extraneous rock was met with

;

so that no drift-action appears to have assisted in the formation of

these beaches, which appear due solely to the action of the waves
beating against the former rugged line of coast.

In the Sections No. 1 and 2, PI. II., which cut through this district,

it will be observed that a volcanic formation, apparently contempora-

neous, is situated in the midst of these plains, which does not bear

the appearance of having been injected into the diluvial beds forming
them, but rather to have flowed over them, or more probably to have
been deposited on the top of them whilst still under water, in the

form of a tuff or volcanic ash, and subsequently to have again been
covered up by similar diluvial matter ; a more detailed examination,

however, is necessary to settle the question. I may mention that

Dr. Vance of Tacna informed me that near the railway at that place

the ground in a cutting was found to be burnt and altered, as if by
igneous action ; this appears to me as more probably due to still

later volcanic activity.

The rocks of this volcanic formation are all trachytic, and fre-

quently present a most striking similarity to the domite of Auvergne,

being, like that, composed of quartz, black or brown hexagonal mica,

and a weathered-looking felspar, and form some four or six beds,

superposed one on another, and of an average thickness of about 10
feet each ; these are either a white trachytic tuff, like domite, with
abundant imbedded fragments of pumice, or a compact trachyte of a

reddish or white colour and similar composition.

These trachytic tuffs form an excellent building-material, from the

ease with which they are worked and shaped, and arc very exten-
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sively employed for this purpose at Arica and Tacna. In the quarries

of this rock near Tacna I discovered a mineral very much resembling

allophane in external characters, but differing in only containing

28-49 per cent, of water : it occurs in fissures in the trachytes,

forming veins of from a line up to some inches in thickness, and is

probably derived from the decomposition of the felspathic element of

the trachyte by the action of water.

2. Saline Formations.—Later in age than the Tertiary deposits,

the saline formations so characteristic of this part of South America
are not, as frequently supposed, merely confined to the country

surrounding the port of Iquique, but appear at intervals scattered

over the whole of that portion of the western coast on which no rain

falls, extending further north than the limits of the map accompany-
ing this memoir ; whilst to the south they run entirely through the

desert of Atacama, and even show signs of their existence further

south than Copiapo in Chile, thus stretching more than 550 miles

north and south ; their greatest development appears, however,

between latitudes 19° and 25° S.

They are generally superficial, but occasionally reach to some
small depth below the surface, and then may be entirely covered

over by diluvial detritus
;
they always, however, show signs of their

existence by the saline efflorescence seen on the surface of the ground,

which often covers vast plains as a white crj^stalline incrustation, the

dust from which, entering the nostrils and mouth of the traveller,

causes much annoyance, whilst at the same time the eyes are

equally suffering from the intensely brilliant reflection of the rays of

a tropical sun.

The salts forming these " Salinas," as they are generally termed,

are combinations of the alkaline and earthy bases soda, lime, mag-
nesia, and alumina, with hydrochloric, sulphuric, nitric, and carbonic

acids, and occasionally with boracic, hydriodic, and hydrobromic

acids,—and in combination present themselves as the following

minerals in a more or less pure state :—Common salt, epsom-salt,

glauber-salt, thenordite, glauberite, soda-alum, magnesia-alum, gyp-
sum, anhydrite, along with chloride of calcium, iodide and bromide

of sodium, carbonate and nitrate of soda, and in some places borate

of lime and borax.

"With the exception of the boracic acid compounds, the presence of

which (as subsequently will be attempted to be proved) is due to

volcanic causes, all the mineral substances found in these " Salinas "

are such as would be left on evaporating sea-water, or by the mutual

reactions of the saline matter thus left on evaporation on the lime,

alumina, and organic matter found in the adjacent rocks, soil, and

shell-beds ; and as we have indisputable evidence of the recent

elevation of the whole of this coast, and bearing in mind likewise

that no rain falls in these regions, it appears very reasonable to

suppose that all these saline deposits owe their origin to lagoons of

salt water, the communication of which with the sea has been cut

off by the rising of the land. When studying the structure of the

mountain-ranges near the coast, it was also observed that, at all the
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large saline deposits, the chain of hills to the westward or sea side of

the " Salinas " is of such a formation as might on elevation he ex-

pected to enclose a series of lagoons, which, hy means of the breaks

or lateral openings in the chain itself, could for a longer or shorter

period keep up a tidal or occasional communication with the sea when
high, which thus would pour in a fresh supply of salt water to make
up for the loss sustained in the lagoons from the evaporation produced

by the heat of a tropical sun. It is therefore not necessary to suppose

that the great amount of saline matter generally present in these

deposits is due to the salts contained in an amount of sea-water

merely equal to the quantity originally contained in the lagoon, or,

in other words, to the cubical contents of the lagoons themselves.

The occurrence of salt at different places along the coast at very

small elevations above the sea, previously noticed, is no doubt due

merely to the tidal infiltration of sea-water into the porous shingle

and other beds, and its subsequent evaporation ; and must not be

confounded with the much greater and more elevated saline deposits

further inland, which are met with at three very different altitudes

above the sea, as follows :

—

(1) At, approximated, from 2500 to 3500 feet,

(2) „ " 7000 to 8000 feet,

(3) „ 12,500 feet

above the present sea-level, and which appear to indicate three di-

stinct and important changes in level in this part of South America.

(1.) The deposits situated at about 2500 to 3500 feet above the

present sea-level include the important beds of nitrate of soda so

extensively worked along this coast, and appear to run from latitude

19° southward into the northern part of the Desert of Atacama,
showing themselves, according to the configuration of the country,

at distances varying from 10 to 40 miles inland.

When in this part of the country, I had not time to make a more
detailed examination of these saline deposits than was necessary to

enable me to arrive at a conclusion as to their mode of formation and
the origin of the nitrate of soda contained in them.

All the data that I coidd obtain appeared fully to confirm the " la-

goon hypothesis " previously mentioned, and to prove that the ori-

ginal constituents of these beds had merely been such salts as would
result from the evaporation of sea-water. The nitrate of soda and
some other associated compounds are due to subsequent reactions,

and consequent decomposition of the salt of the original deposit,

mainly produced by the agency of carbonate of lime and decomposing
vegetable matter.

The first step in the formation of nitrate of soda appears to be the
decomposition of the chloride of sodium, or salt, by carbonate of lime

(in the fonn of shell-sand, &c.) with the production of chloride of

calcium and carbonate of soda, both of which salts have been shown
to be present in quantity in the soil qf these nitrate-grounds.

The carbonate of soda thus eliminated, when in contact with the
mixture of shell-sand and decomposing vegetable matter which may
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be expected to result from the luxuriant vegetation around such a

tropical swamp, and from the abundant marine plants in the lagoon

itself, would realize the conditions of the French artificial nitre-beds,

substituting only carbonate of soda for the carbonate of potash there

used : we may consequently, with all fairness, expect a similar result

in the production of nitrate of soda on a still larger scale.

This view appears much strengthened by the occurrence of wood,
reeds, or rushes, and other vegetable matter in the nitre-grounds at

but little below the surface, as well as from the general position of

the nitrate of soda in the saline deposit, as it invariably occurs in

the margin or outer edge of these, representing the shelving sides of

the hollow or lagoon-basin, the central part of which is composed of

layers of sea-salt only, frequently several feet in thickness.

In seeking for nitrate of soda, the searchers always look to the

rising edge of such salt-basins, and further judge of the probability

of finding the nitrate from a peculiar moist or clammy state of the

ground, which is due to the presence of the chloride of calcium pro-

duced by the decomposition above explained.

The quantity of sulphates, and more especially of sulphate of lime,

included invariably in these deposits might, at first sight, appear to

the observer too great to suppose it due only to the evaporation of

the sea-water ; but I believe that this impression will be dissipated

when he sees the enormous amount of gypsum removed in the form
of hard white cakes, or sedimentary crust, from the boilers of the

large distilling machines in use along this arid coast for producing

from the water of the sea a supply of fresh water for the main-
tenance of the inhabitants, beasts of burden, and even the locomotive

engines of the railways along this coast. It appears not necessary

to suppose, as has been put forth, that the sulphates present have
been formed by volcanic exhalations acting upon the beds of salt.

The boracic acid compounds met with appear, however, to be due to

this cause ; and the borate of lime met with in such large quantities

appears to be indirectly produced by the condensed vapours of

volcanic fumeroles, many of which are still in full activity in this

district.

The gaseous exhalations of these fumeroles have, I believe, never

been submitted to a chemical examination ; so that the presence of

boracic acid has not actually been proved ; it may,- however, be in-

ferred from the general resemblance which these fumeroles bear to

those of Tuscany, the Lipari Islands, &c, where it is known to exist.

The borate of lime is found only on the more elevated part of

this saline district, occurring on the eastern side of the same, where

the rising ground begins to form the western slope of the adjacent

cordilleras.

As volcanic action is developed on a grand scale in this moun-
tain-range, such solfataras or fumeroles, forming lateral orifices on

the side of the mountains, are very common ; and we may expect that

the waters coming down this slope carry with them in solution the

boracic acid contained in the condensed vapours of these solfataras,

which, coming into contact with the lime of decomposed porphyry-
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rocks, or the shell-sands of the plains "below, would combine readily

to form the nodules of borate of lime here met with.

It has been suggested that the nitrate of soda likewise owes
its origin to similar causes ; I consider, however, this view to be

untenable where the vapours themselves, from the great amount
of sulphurous and hydrosulphuxie acid gases which they contain,

are of so eminently deoxidizing a nature as to decompose any
nitric fumes evolved by such volcanic action. I therefore believe

the nitrate of soda wholly due to the chemical action previously ex-

pounded.

The saline deposits of this series do not rest directly on the

rock itself, but on a beach more or less level, or hollowed out into

lagoon-basins, and composed, as the present and the raised sea-beach

previously described, of the debris of the adjacent porphyritic, dioritic,

and volcanic rocks.

The deposits explored for nitrate extend from the river of Pisagua

southward to Patillos, a distance of about 110 miles; but latterly

new and extensive deposits have also been worked further south,

inland from Tocopilla. There is, however, no doubt that they exist

along the whole coast-line depicted on the accompanying map, at

from 10 to 50 miles inland ; the borate deposits, however, appear to

recede from the coast, as they occur more to the south, and strike

to the eastward, following the line of volcanic action, indicating

thereby their connexion with the same.

(2.) The series of saline deposits next in elevation are situated

at from 7000 to 8000 feet above the level of the sea, and are de-

veloped on a grand scale in the northern part of the desert of

Atacama,—the great " Salina de Atacama " extending 100 miles or

more from S.E. to N.W., with a breadth of 20 to 30 miles, and
the lesser " Salina de Punta Negro " still further south (about 30
miles long and 12 broad)—two examples of immense salt-plains,

apparently resulting from the drying up of such lagoons as those

before described.

Not having made a personal examination of these, I am not in a
position to give any detailed account of them ; in fact, they are only

known in name and extent, and have never been examined.

(3.) At an altitude of about 13,000 feet above the sea, saline matter
is found to occur in a manner similar to that of the last-mentioned

deposits. In Section No. 2 (PI. II.), at " Laguna Blanca," extensive

plains and salt-lagoons are found,—the latter still existing as lagoons,

since they are now situated on the extreme borders of the rainless

region, whereby the loss from evaporation is supplied, in part, by the

rain which falls ; and thus we generally find extensive plains covered

by white crystalline salt, forming the circumference of some small and
generally shallow lake, deserving only the name of a swamp except
in the rainy season of the year. This saline formation, I believe, is

seen more or less developed all the way to Oruro, and thence over the

saline plains of Sora-Sora, it extends much further south, but, like

the last, has not as yet formed a subject for more minute examina-
tion, and. from its occurring in districts exposed to a heavy annual
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fall of rain, is naturally not so characteristic in its development as

the two previously described formations, although at the same time

it presents some very striking features, and in some respects strikingly

reminds us of its supposed lagoon origin.

3. Diluvial Formations of the Interior.—The saline deposits last

noticed are situated in the midst of what may be termed the great

Bolivian plateau, having an average altitude of fully 13,000 feet

above the sea, and bounded to the west by the Upper Oolitic rocks

of the coast-cordilleras, whilst to the east it abuts against the Si-

lurian range of the true Andes. This plateau is not uniform in its

mineralogical nature ; and when viewed in section from east to

west, it shows considerable diversity of composition, arising from

the ranges of hills which intersect it all bearing hearly north and

south, and thus dividing it into so many longitudinal valleys (see

PI. II.).

These valleys are generally occupied by nearly level plains, formed

of the gravelly spoil produced by the wearing down of the bounding
ridges, with which they are consequently identical in lithological

composition. The ridges themselves seldom attain a greater eleva-

tion than 2500 feet above the plateau, and are generally under this

height ; but occasionally volcanic cones thrust themselves up to more
than 6000 feet above the plain, and consequently attain an eleva-

tion of fully 20,000 feet above the sea-level.

The character of this plateau is well shown in the Sections Nos. 1

and 2 (PL II.), by a reference to which it will be seen that it may be

separated into three divisions—western, central, and eastern (Oolitic,

Permian, and Silurian, according to the nature of the rocks origina-

ting the diluvial accumulations which fill up the intermediate basins

or valleys).

The most western of these is essentially composed of Upper Oolitic

detritus, with an occasional block of diorite, and in places abundant
volcanic debris from the neighbouring eruptions. They are covered

with but a very scanty verdure, if not entirely barren, and incrusted

with saline matter, and are generally either entirely destitute of

water, or possess some few springs at great distances from one

another and of abominable quality—frequently, as at Rio de Azufre

(Section jSTo. 2), not potable, and even causing death to the animals

which drink it, as sufficiently proved by the bones of mules, llamas,

&c, scattered along the banks. At most places the water generally

produces bad effects to those unaccustomed to it, even when it is

comparatively tasteless.

Prom an examination of the waters from several localities, I may
observe that in one or two cases it was perfectly astonishing what an
amount of saline matter might be present in water which might be
termed " palatable," but which produced strong purgative effects

;

on examination, such a water from the desert of Atacama was found

to contain a very large amount of the sidphates of soda and mag-
nesia (Glauber and Epsom salts), associated with common salt and
carbonate and sulphate of lime ; and I can only suppose that the

bitter taste which the amount of sulphate of magnesia (Epsom salts)

VOL. XVII.

—

part i. c
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present would alone produce had been neutralized or concealed by
tbe admixture of the other salts.

In the midst of these plains at Ancara, I noticed some recent con-

glomerate-beds, of a brown colcur, composed of small and very angu-
lar pebbles, and more like a breccia than a true conglomerate. They
were of very small extent, and had an apparent strike nearly N. and
S., with a low dip to eastward.

The central division of this diluvial formation is distinguished at

first sight from either of the others by the redness and sandy nature

of its soil, showing at once its derivation from the Permian or Tri-

assic sandstones and marls ; occasional patches are covered by vol-

canic detritus where the sandstone hills have been disturbed by the

intrusion of the trachytie rocks, well illustrated in Section No. 1.

The plains thus formed are well watered and frequently marshy,

and are cut up by numerous rivers, at least in the northern part

of the district here described* ; we do not find the surface-water-

saline, as is invariably the case in the western division ; but occasion-

ally, as for example at Santiago and at San Andres (both on Section

No. 2), we meet with brine-springs, which furnish the inhabitants

with an abundant and cheap supply of culinary salt of excellent

quality, by simply allowing the water to evaporate in the open

air from the heat of the sun. These brine-springs are most pro-

bably due to salt-beds situated at greater depths in the sandstones

of the formation itself, and not to be attributed to saline deposits of

more recent origin.

The third or eastern division of this plateau is, in its turn, so dif-

ferent in character from either of the preceding, that it is at once

recognized when encountered.

In Sections Nos. 1 and 2 (PL II.), this formation is seen as a

great plain abutting to the east against the Silurian rocks of the

highest range of the Andes, to the debris of which it owes its origin ;

whilst to the westward it is confined by the rang-e of low hills of

Devonian strata which separate it from the central division of this

diluvial formation. The intermediate basin, occupying the space be-

tween these Silurian mountains and Devonian hills, is filled up to the

level of the plain by an immense accumulation of clays and gravels,

with larger pebbles and boulders of Silurian and granitic rocks,—the

former being represented by grauwackes, indurated sandstones, clay-

slates, and shales, which latter occasionally contain fossils of Silurian

age.

Where, as in the valley of the river of La Paz (which from its

abruptness might almost be termed a ravine), a section of this basin

is disclosed (Section No. 2), its surprising magnitude is seen, as in

this place. The thickness, reckoning from the level of the plain

* I may here mention that in a spring at Comanche, the water of which
appeared to feel slightly warm on immersing the hand, I found numbers of a
small univalve shell ; and on submitting them to the inspection of Professor

Philippi. of the University of Santiago, in Chile, he considered them identical

with his Paludina Atacamensis, which he discovered in a tolerably hot spring at

Tilopozo, in the northern part of the Desert of Atacama.
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above clown to the Alameda of La Paz, was found by measurement
to be 1650 feet, consisting of alternating beds of grey, bluish, and
fawn-coloured claj's, gravel, and shingle-beds, along with boulders of

clay-slate, grauwacke, and granite, frequently of enormous size, and

well rounded as if by the action of water ; the beds are nearly hori-

zontal, or dip to the south. About 300 feet below the surface of the

plain, there is seen in this section a bed of trachytic tuff, evidently

volcanic, and about 20 to 30 feet in thickness. This is visible at a

great distance as a white band, running along the precipices encir-

cling this valley or ravine, and appears to be contemporaneous with

the beds of clay, gravel, and boulders, which, with this solitary

exception, form the rest of this diluvial accumulation, and which,

except in the uppermost beds, do not contain, as far as I examined,

any volcanic detritus.

No trace whatever of volcanic activity being found anywhere in

the neighbourhood of La Paz, I was for a long time greatly puzzled

to account for the occurrence of this very peculiar bed in the midst

of diluvial strata. The general inclination of the beds themselves,

dipping to the south, indicated that they had been drifted from the

north or north-east, and they appeared to become narrower towards

Lake Titicaca, near which I found the large volcanic outburst of

trachytic and trachydoleritic rocks shown in Section No. 1, and from
which doubtless the tuff forming these beds had emanated, and had
been carried down by aqueous action, and deposited as a sedimentary

bed in the series of clays, gravel, &c, forming this groat thickness

of drift.

The total thickness of these beds below La Paz must certainly

exceed 2000 feet, and probably reaches 2500 feet, being certainly

one of the most finely developed examples of this class of deposit,

both as to magnitude and superficial area. I am unable to assign

any correct limits to this formation, which appears to extend from
north to south through the entire length of Bolivia ; to the north,

or towards the Lake of Titicaca, it appears to diminish in thickness,

and may possibly wedge out entirely. The beds seem to have a

general, but slight, dip to the southward.

I may here mention that in a small pool of water at a place called

the Tambo 'de Perez, about half-way between La Paz and the Lake
of Titicaca, I found numbers of a small fresh-water bivalve, which
Professor Philippi, of the University of Santiago in Chile, kindly

examined for me, and pronounces to be the Cyclas Chilensis

(D'Orbigny), found first near Conception in the south of Chile,

where it is common, according to Dr. Philippi, both in Yaldivia

and Puerto Montt. In these localities this shell is found at but a

small elevation above the sea-level, in the coldest inhabited part of

Chile ; whereas in Bolivia, as above stated, we find it under the tro-

pics, but at an elevation of about 14,000 feet above the sea ; so that

we may here regard this excess in elevation above the sea-level as

equivalent to the difference of about 40 degrees in latitude.

Amongst the clay-beds of this diluvial formation, near La Paz, as*

also at the foot of Illimani and near Poto-Poto in the valley of the-

c 2
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Paver Chuquiaguillo, I found interstratified a bed of carbonaceous

matter, approaching to lignite. In many parts this appeared as if

wholly composed of carbonized marine or marsh plants, resembling

rushes, reeds, and alga? ; but I likewise found one or two pieces of

unmistakeable lignite or carbonized wood. At all these places it is,

probably, that it is but one and the same bed which appears at Poto

Poto ; this bed does not attain a thickness of more than from 6

inches to a foot. At the foot of Illimani it is, however, of much
greater thickness.

A chemical examination, which I made of several of the clays from

these strata near La Paz, showed that they contained but a mere
trace of lime, as might be expected, knowing that the Silurian rocks

of the high Andes, from which they appear to have been derived,

contain but traces of limestone.

As the Silurian origin might indicate, this formation is everywhere

eminently auriferous, and has been both since, and probably even

before, the time of the Incas very largely explored for gold. The
great quantities of gold found in Peru at the time of the Spanish con-

quest, had in greater part, if not wholly, been derived from these

diluvial accumulations.

The rabbit-like burrows made by the Indian gold-workers into

the more auriferous beds are everywhere visible along the sides of

those valleys where a supply of water was not too distant to prevent

these workers from transporting the auriferous earth for the purpose

of working it : and frequently later explorations have disclosed the

mummies or skeletons of unfortunate Indians, who have perished in

these narrow and tortuous holes, from the falling in of the superin-

cumbent earth, and been buried along with their mining implements.

This system of working is now entirely abandoned, and the mode
of operating is very different at present, and can easily be understood

from the annexed sketch (fig. 1), which may be supposed to repre-

sent a general view or sketch-section of the operations carried on at

the gold-washings of Chuquiaguillo, near La Paz, belonging to Mr.
Saienz of that city.

As will be seen in this sketch, the valley is, in the first instance,

completely closed up, and the course of the river stopped, by a rude

wall or dam of stones and earth, provided with sluices, and having

a portion of the wall seen to the right hand somewhat lower, in order

to carry off any overflow of water which otherwise might disturb the

workings. A longitudinal excavation is then made close up to the

one side of the valley, and of such breadth as can be conveniently

carried on by the number of hands at disposal
; and, in making this,

the large boulders and stones, too heavy to be carried off by the rush

of water, are piled up to one side, whilst the earth, gravel, and clay

are merely loosened and flushed off by the water turned on from the

sluices, allowing the force of the stream to cany them down the river.

On arriving at the several successive auriferous beds, which are

known from previous trials, and which are denoted by the dark

bands running horizontally across the excavation, as seen in the sketch,

more care is taken, but the whole of the auriferous earth is likewise
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flushed off, and, being so much heavier than the rest, deposits itself

at but a little distance from the workings, where it is collected and

subjected to repeated washing in a trough until nothing but the

gold-dust remains behind.

Eig. 1.

—

Sketch of the Gold-washings on the liiuer Chuquiaguillo.

This excavation is deepened until the lowest available auriferous

stratum has been reached, and then abandoned, in order to carry on

the same operation parallel to it ; the boulders and stones met with

in the new working are thrown into the old excavation, and such

excavations are continued right across the valley. In a valley of

considerable breadth it would be impossible, except by emploj-ing an
immense number of hands, to open out and lay bare the whole of the

auriferous ground in one excavation.

The auriferous strata occurring in these diluvial accumulations

are, in Bolivia, generally known by the name of " Veneros," and ap-

pear to correspond to what are technically termed " floors " by the

gold-diggers of California and Australia, being, as it were, the floor

or clay-bottom upon which the gold-dust had settled down, subse-

quently covered up by alternating beds of coarser sand, gravel, and
boulders : above this a similar floor and coarser beds might in their

turn be found, as in the sketch of the washings on the Chuquia-
guillo (fig. 1) : and where these diluvial strata are of still greater

thickness, a proportionate number of " veneros " are generally found

to occur.

These " diggings " are, as might be expected, confined to the sides

of valleys and beds of rivers which contain water* sufficient for

washing. The celebrated workings of Tipuani and those in the

* The rivers of this part of the world arc too frequently " Rios Secos," a
Spanish term which is generally adopted.
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Yungas appear also to belong to diluvial accumulations of this same
geological age.

The valley of La Paz, being entirely cut out of this great diluvial

formation by the action of the river which traverses it, is, as might
be expected, often exposed to considerable landslips during the

extremely heavy rains of the wet season : when residing there, I

witnessed such a landslip, which blocked up the valley and caused

it to be inundated to a considerable distance by the damming up
of the river. In many parts also the action of the rains and small

rivulets formed by them, cutting through these immense clay and
gravel strata, forms a most striking and picturesque landscape.

The slope of the valley of La Paz, for example, is seen cut up into

innumerable ravines of great depth, whilst pinnacles of more than

60 feet in height will be left standing in great numbers and of all

variety of form, frequently quite isolated, and, from their slender

proportions, often looking like needles or pillars formed artificially

:

the sides of these show a very pretty section of the variegated clays

and gravels that previously had formed the beds from which these

had been carved out and left as standing mementos.

At the same time the roads will be hollowed and traversed by
chasms, natural arches, and subterranean holes, of the strangest

form, too frequently proving dangerous to the rider passing over

them. These effects, in general only seen in miniature elsewhere,

present themselves on such an immense scale as to leave a very

decided impression on the observer.

4. Volcanic Rods.—Although these rocks are occasionally more
recent than any of the deposits previously treated of, and are in places,

as from the volcano of Ariquipa, *kc, ejected at the present day,

still it is preferred to consider them in this sequence, from the epoch

so : -signed to them being one in which they appear to have attained

their maximum development, and in wliich they have produced such

grand changes in the configuration and level of this part of South
America.

They are, as seen in .Section Xo. 2, contemporaneous with the great

diluvial formations at La Paz, and possibly may there represent an
early Tertiary period, from which time to the present they seem to

have been in more or less continuous activity, and to have presented

themselves with the same general characters and under very similar

circumstances.

M. d'Orbigny* has classified these rocks as of two distinct ages,

known by their differing slightly one from another in their state

of aggregation and the presence of augite. An attentive study of

these volcanic deposits showed how clifHcult it was to draw any such

defined line of demarcation in rocks which, as before stated, possess

all main features in common ; and in fact seemed to show that M.
d'Orbigny's two classes are in reality (at least in many cases) one

and the same, presenting slight differences in mineral character on

* M. Tissis iilso. Annates des Mines. 185G: "Recheirhes sur lc Systems dc
Soulevement dc l'Amerique du SucL"
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account of the one being subaerial, or injected between the strata,

whereas the other has been subaqueous, and in consequence is fre-

quently met with as a tufaceous bed interstratified with other strata

of acknowledged sedimentary origin. As both such rocks might be

at one and the same time in course of formation, this difference can

hardly be looked upon as indicating a difference in geological age.

The Sections Nos. 1 and 2 (PI. II.) are fully sufficient to show
how important a part volcanic action has taken in altering the con-

tours of the mountain-ranges here traversed : probably in no part of

the world do we find volcanic phenomena more energetically developed

or affecting so great a territorial area.

As will be seen from the accompanying Map (PI. L), the volcanic

rocks forming at the north the active volcano of Ariquipa and others

in that neighbourhood are cut through in Section No. 1 (PI. II.)

;

and still further south, in Section No. 2, they form the volcano of

Tacora or Chipicani, 19,740 feet above the level of the sea ; still fur-

ther south they form the more or less active volcanos of Sajama

(22,915 feet), Coquina, Tutapaca, Tucalaya, Isluga, Calama, Ata-

cama, Licancau, Toconado, Llullayacu, and others intermediate,

which, in conjunction, form an almost continuous range of volcanos

into that part of the Desert of Atacama pertaining to Chile, through

which country we find this volcanic range appearing at intervals

;

and still more to the southward it is doubtless in connexion with

the volcanos of Patagonia, the north of Magellan's Straits, and Terra

del Fuego. As mil be seen from this, the general direction will

be nearly north and south ; and, from a study of the line of fracture

and position of the intruded rocks, it would appear that the sub-

terranean force here exerted had its centre to the west of this line,

and had acted at a high angle from the west towards the east.

The beds of trachyte and trachytic tuffwhich are seen interstratified

in the raised beach at Tacna, Azapa, &c, and also in the great diluvial

formation of La Paz, have already been noticed. Further east, in

Section No. 1, at Tarocache, a very peculiar volcanic conglomerate and
tuff stratum was met with, remarkable for the columnar structure

which presents itself on a very large scale on the side of the nearly

perpendicular hill under which the road passes ; the columns are so

well developed, that, seen from the road, they look as regular as

similar basaltic formations. On Section No. 2, at Palca, and still

further east, at Questa Blanca, deposits on no great scale, of a white

crumbly trachytic tuff, composed of more or less decomposed felspar,

with quartz and hexagonal black or brown mica-plates and an occa-

sional speck of augite, are met with as more or less horizontal beds,

resting unconformably on the highly inclined strata of Liassic shales,

&c. ; both of these deposits, as well as the previously mentioned one at

Tarocache, appear to be remnants of some more extensive bed of sedi-

mentary origin formed of volcanic tuff and ashes from the volcanos

situated still higher up the range.

In Sections Nos. 1 and 2, the great volcanic formation is seen a

little further to the east, forming a high ridge or range of peaks

averaging from 16,000 to 19,000 feet above the sea, visible from the
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coast, and generally having their summits coated with snow. In

both Sections (Nos. 1 and 2) this range breaks through the Upper
Oolitic series of shales, claystones, porphyry-conglomerates, tuff, and

mbedded porphyries, and above Tarata has enclosed, or at all events

dislocated, a large mass of these (seen in Section No. 1), in which
several strings of copper-ores were noticed : the volcanic rocks here

are continuous with those forming the volcano of Chipicani, seen on

Section No. 2. This I have not ascended ; I have only passed along

the sloping plain at its base, the fragments of volcanic rocks on

which left no doubt of its character. Before coming to Uchusuma I

noticed a step-like series of trachytic tufaceous beds, so characteristic

of this rock when met with in this part of the world, each step being

apparently a bed of great extent, and varying in thickness from 10

to 30 feet : these are called " Ancomarea " by the Indians, from

their white colour ; they extend nearly to the River Cano, at which

place their formation is well illustrated in Section No. 2. It would
appear that they had been erupted through long narrow fissures or

dykes and poured out over the country either as lava or, in some

cases, as light volcanic ashes* emitted from the fissures, and de-

posited on the ground in their neighbourhood,'where they have gra-

dually consolidated into beds. At the Rio Cano two such fissures

are seen, bearing nearly E. and W., and dipping 15° to the south, the

more western of which can be traced for miles as far as the eye can

reach, appearing as a narrow white band or ridge, elevated one or

more feet above the ground, from its having resisted the atmosphere

better than the porphyry-conglomerate through which it breaks.

Sometimes, as at the Rio Mauri (Section No. 2) and Chulluncayani,

these are seen capping the rocks, and presenting the appearance of

white bands running along the precipitous Hanks of the hills or

ravines ; at Pisacorua, Section No. 2, this is also seen, as well as

the occurrence of similar bands injected between the beds of the

red sandstones, and sometimes continuous for miles. As might be

expected, the contrast in colour between these Avhite trachytic rocks

and the dark-coloured Oolitic or Bed Sandstone rocks which they cap,

or with which they are interstratified, frequently at an immense height

up the nearly perpendicular sides of these rugged and barren moun-
tains, is wonderfullycharacteristic, and risible at very great distances.

"When breaking through sedimentary rocks, these lateral eruptions

appear in general to conform themselves to the fine of stratification,

evidently from this affording less resistance, and there being always

a much greater tendency for a fissure or crack to follow this Line than

to break through the more solid beds.

Between the Oolitic series and the Permian or Triassic sandstones

in Section No. 1, as well as between these last and the Carboniferous

basin of the Lake of Titicaca, we find great tracts which to the passer-

by present to the eye no signs of other rocks than volcanic, and are

occupied by plains or low rounded hills, covered on the surface with

abundant fragments of trachyte and trachydolerites or with volcanic

alluvium, composed of grains or sand of colourless quartz, white or co-

* Frequently containing much puruk-e.
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loiirless felspar, hexagonal brown or black mica, and black or green-

black crystals of augite, alongwith black magnetic oxide of iron, always

found as a black magnetic sand when a magnet is drawn along the

surface. In passing over these plains the traveller's attention is at-

tracted, and his eyes dazzled and wearied, by the glittering specks

arising from the reflection of the sun's rays from the numerous small

quartz -crystals strewed along the surface. The solid volcanic rock

is only occasionally met with ; but hillocks are frequently seen which,

judging from their surface at least, are entirely composed of larger

masses or fragments of trachytic and trachydoleritic rocks. I do not

consider these tracts as representing spaces occupied by the actual

protrusion of volcanic matter, but in some cases regard them as only

covered by sheets of such trachyte or trachydoleritic lava poured

out from longitudinal dykes or fissures such as before described ; and

in other instances I even suppose them to be, in part at least, composed

of volcanic ashes, tuff, or debris, spread over the surface by the action

of water*.

As far as I could observe, the volcanic rocks do not anywhere
appear breaking through the Silurian rocks; but in the north of

Bolivia they are seen on the Map (PI. I.) as cutting through the

Devonian series near Hachecache and the Lake of Titicaca, a di-

stance of more than 200 miles from the coast in a direct line : this I

believe may be considered as the most inland point at which volcanic

phenomena make their apj>earance on the western side of the high

Andes. These rocks are all in situ, and are true trachydoleritic and
felspathic lavas which have broken through the strata, part of which
are in consequence greatly altered. These lavas are further charac-

terized by the peculiar parallel arrangement of their mineral con-

stituents, which give that ribboned appearance due to the stria? of

fusion, such as are frequently seen in more recent lavas.

Professor Philippi having allowed me to examine a series of rock-

specimens which he had procured during his travels in the desert of

Atacama, I found that the volcanic rocks from Punta Negra, Tilopozo,

Toconado, Sorras, Atacama-Alta, &c. were all trachytes or trachytic

tuffs, and precisely identical in mineral composition and character

with those from the more northern part of Bolivia which I have

more specially examined ; and from his notes, which he also kindly

placed at my disposal, I find that from San Bartolo to Chanaral

Bajo, a distance of about 250 miles, we have, as in Sections Nos. 1

and 2, a ridge formed by an almost continuous series of lateral

outbreaks of such lava cutting through and flowing over the dioritic

rocks and the porphyries, shales, &c. of the Oolitic series, which, as at

Chaco and other places, contained in abundance Liassic Posidonice,

Ammonites, &c.

The large lateral ovex'flow of lava, from 25 to 30 miles long and
several miles in breadth, extending from San Bartolo to San Pedro

* The plain at Santiago de Machaca, Section No. 2, contains much volcanic

alluvium, as described, and seems rather to have been formed by such aqueous
action. I did not find sufficient evidence for colouring it as a sheet of trachytic

lava, as M. PiEiis has done.
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de Atacama, is composed of a trachyte or trachytic tuff, consisting of

a white or flesh-coloured felspathic base, in which are imbedded
plates of hexagonal brown or black mica, and numberless perfect

crystals of colourless quartz from -ith to |-ths of an inch in length

and having both ends terminated by perfect pyramids ; these quartz-

crystals can be extracted from their matrix, leaving a perfect mould
in the felspathic base, from which they had evidently been the first

mineral element to crystallize.

The trachytic lavas of the other parts of Bolivia and Peru very

commonly show the quartz so crystallized ; and in Sections Nos. 1 and
2 such are also met with, but not so beautifully developed as from San
Bartolo southwards. Both at Atacama-Alta, Toconado, Sorras,

Tilopozo, and other places along the line of Dr. Philippi's route, the

specimens also showed characteristic trachytic tuffs and trachy-

dolerites. In some of the tuffs the quartz present was in the form

of rounded grains, as if due to attrition, or more resembling the effect

which igneous action would produce in rounding off the edges by
fusion, or by the solvent action of some fluid compound in the lava

acting on the crystals once formed.

There is but little variety met with in the volcanic rocks of this

part of the world, those of Peru, Bolivia, and Chile being all very

similar in external appearance and mineral composition : the principal

rocks are trachytes, trachytic tuffs, trachydolerites, dolerites, and
felspathic lavas.

The trachytes and trachytic tuffs are generally white, but occasion-

ally of a pale flesh- or fawn-colour, and are composed of a felspathic

base, probably only consisting of one felspar (frequently crystallized,

but also met with in a more amorphous form), colourless quartz (al-

ways crystallized,and often, as described, in perfect crystals),and black

or tombak-brown mica crystallized in small hexagonal plates, seldom

more than -j\,th of an inch across. From the smaller lateral fissures

the eruptions are generally composed of trachytes; but it is extremely

ditiicidt to draw a line between the true trachyte and the trachytic

tuffs formed from them, and which occasionally are met with as

solid and compact as the original trachytes themselves, and only to

be distinguished from the latter by the somewhat decomposed ap-

pearance of the felspar, the bronze-brown colour of the originally

black mica and the included fragments of pumice, &c. *
;
they are,

however, in general much more open or porous in texture, and often

crumbly, so as frequently to be mistaken for white sandstones. They
are everywhere largely quarried and used as building- stone, being

durable and very easily worked ; when cut into hollow cones they

are used as filtering-stones for purifying water for domestic use, for

which purpose they are well adapted from their porous texture. I

have reason to suppose that these trachytes have frequently been

* I had expected that the decomposition of the felspar would probably give

rise to the formation of alkaline or earthy carbonates in these trachytic tuffs, and
so afford a means of distinguishing them from trachytes ; in this I was disap-

pointed, as several trachytic tuffs from Tacna. Azapa. La Paz, &c, ou being

treated with acids did not effervesce at all.
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ejected whilst in a pasty state, after the quartz had crystallized

and the temperature of the whole had become much lower than the

fusing-point of the entire rock itself.

The trachydolerites differ from the trachytes only in having, in

addition to the felspar, quartz, and mica of the latter, crystals of dai'k-

grecn or black augite scattered through the mass, in which also the

quartz does not appear so predominant ; and the rock is frequently

considerably darker in colour. They form eruptive masses much
greater than the pure trachytes, and are seen largely developed on

[Section No. 1 at Batalla and Yunguyo.
Dolcritic rocks I have only met with in situ on the eastern

declivity of the volcanic range of mountains between Tarata and the

River Mauri in Section No. 1 ; and in Section No. 2 they are seen as

abundant large blocks scattered over the slope of the volcano of

Chipicani. Prom their very compact structure, conchoidal fracture,

and dark bluish-grey or greenish-grey colour, they much resemble

basaltic rocks ; but their crystallization is so close-grained that I

could not distinguish whether olivine was present ; and, in fact, their

mineral composition is not recognizable by the naked eye, so that

their exact nature is open to inquiry : they do not appear to form

any great proportion of the mass of volcanic rocks here developed.

The greater volcanic rocks, at least those which have broken

through as lava and remain in situ as a compact rock, are composed

of a crystalline felspathic lava, much more basic in chemical character

than the others (possibly if we except the dolerites), and which ap-

pear to be almost exclusively composed of one or more varieties of

felspar. They generally possess that peculiar parallel structure fre-

quently met with in allvolcanic rocks, whether recent or more ancient,

and apparently clue to a cause similar to that of the stria? of fusion

visible in glass. This striated appearance is frequently rendered

more apparent from the different layers being of different shades of

colour, reddish or whitish grey, or, as at Pailumani, where these

rocks are very largely developed, of a dark grey colour, probably

from some admixture of augite in a non-crystalline condition and
intimately diffused through the felspathic mass so as not to be
visible to the naked eye. These rocks sometimes are also found to

contain a little mica or augite, in plates or crystals, but appear in

general to be free from quartz. They are developed on a large

scale between Hachecache and Tiquina, Section No. 1, and also at

Pailumani, Section No. 2, where they appear to form the entire mass
of the eruptive rock.

In neither Section No. 1 nor No. 2 do we cut across any volcano at

present in activity, nor meet with any lava or scoria likely to have
been produced more recently; at but very short distances, however,

both to the north and south of these lines of section, volcanos were
observed in activity ; and during my residence in the country, the
" Misti " or Volcano of Ariquipa was in eruption. In the immediate
vicinity of Taeora various Solfataras might be seen in action ; and
their action on the Oolitic and Porphyry series was visible at great

distances, on account of the brilliant yellow, red, and brown colora-
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tions produced by the action of the volcanic fumes and acid vapours

on these rocks, and the formation of various salts of iron, lime, &c.

To the south of Tacora I noticed an evolution of smoke, as if from a

similar solfatara; and my fellow-traveller, M. Priesach, informed
me that, when he passed in October 1859, a volcano situated a little

to the right of Sajama, and apparently one of the three cones named
Las Tetillas on the new map of Bolivia by Mujica and Ondarza, was
observed by him in eruption, vomiting forth immense volumes of

smoke, and apparently also lava, not from the cone itself, but from a

lateral orifice situated at the base of the cone. The volcano of

Tutapaca is also situated in this direction, and is still in activity

;

and near this place M. Modesto Bazadre informs me he visited a

valley containing several hundred of little volcanic cones emitting

boiling water, and in many respects resembling the Geysers of

Iceland ; like these latter, the cones around the orifice of ejection are

formed by the deposit from the water itself.

Although we find the volcanos of this part of South America pre-

senting themselves as lofty cones, rising high above the surrounding

plateau, we do not observe in general that crater-form of summit so

usual in mountains of this class in other parts of the world : we
certainly find, as in the Misti (or Volcano of Ariquipa), some well-

developed small craters ; but these seem rather to have served as so

many safety-valves to the volcanic boiler, and to have played but a

very subordinate part in furnishing the great amount of lava and
other volcanic matter here met with, which appears in greater part,

if not entirely, to have made its way up through the great lateral

fissures or openings (similar in many cases to dykes) which appear

to have poured forth sheets of lava, covering vast areas of the sur-

rounding country. This class of eruptions appears peculiarly cha-

racteristic of the Pacific side of South America, where they seem to

attain a magnitude unknown in any other part of the world. The
southern part of Bolivia shows such lateral eruptions, covering the

ground with trachytic lava for more than 300 miles continuously ; and
in the northern part, as seen in Sections Nos. 1 and 2, the same occurs,

—some of these eruptions appearing to proceed from such lateral

dykes or fissures, at the lowest estimate not less than fifty miles in

length, if not much more.

The volcanic rocks here described are strikingly distinct from those

which I met with during my examination of the volcanic islands of

{lie Pacific Ocean and Polynesia: these latter are generally of very

dark colours, are of a veiy basic chemical nature, and characterized

by the abundance of augite and olivine and the absence of quartz

;

whereas here in Peru and Bolivia the rocks are invariably of lighter

colour, generally even white, are of a much more acid or siliceous

chemical nature, contain abundance of quartz, and only in some
instances was olivine at all met with.

Before concluding this notice of the volcanic rocks, I may direct

attention to a point connected with the crystallization of the same,

and which, I bebeve, has not been previously noticed : I allude to the

occurrence in the trachytic and trachydoleritic rocks of perfect
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crystals of quartz distributed in abundance throughout the solid and

compact rock-mass. In many instances, as, for example (as before

mentioned), in the northern part of the Desert of Atacama, the greater

part, if not the whole, of the quartz contained in the trachytie beds is

so crystallized, and may easily be detached from the matrix as small

six-sided prisms, terminated at both ends by pyramids, and beautifully

smooth and lustrous. This could not have occurred unless the

crystals had been formed whilst the rock was in a perfectly liquid

state, and before the other mineral constituents had commenced
solidifying.

This seems to point out one great distinction between volcanic and
plutonic rocks. In the former case the quartz has been the first

mineral element to crystallize from the liquid lava, as might
naturally be expected from the much higher temperature requisite

for its fusion. In the plutonic rocks (granite), however, the reverse

is the case ; the quartz has been the last element to assume the solid

state and crystallize, and is not found in true crystals, except where
the occurrence of drusic cavities or cracks in the solidifying rock

have accidentally occurred—and even then we only find the one end

of the crystal terminated by planes,—whilst at the same time the

easily fusible felspar has invariably crystallized before it. It is

evident that in these rocks the quartz has remained fluid or viscid at

a temperature much below its point of fusion, as it occupies the

spaces or intervals of the network formed by the crystallization of

the other constituent minerals of the rock, which are infinitely more
fusible than the quartz itself.

5. Dloritk Rocks.—In geological age, the next rocks which we
come to are the diorites, seen in Sections Nos. 1 & 2, and which may
be termed Post-oolitic, from their cutting through the strata here

representing the Upper Oolitic series.

They are composed exclusively of a white felspar, together with a

more or less dark-green hornblende ; the rock itself is generally

coarsely crystallized, but occasionally becomes so fine-grained in

texture as to admit of its being termed a greenstone.

This rock is the same as that which occurs in Chile, and which has

been described by Darwin in his ' Report on the Geology of South
America,' under the name of " Andesite," I have preferred the name
" Diorite" until chemical examination may prove it to be distinct

;

as in external appearances it cannot be distinguished from the ordi-

nary diorites of Europe and other parts of the world.

Quartz is never found in this rock when normal ; but at one or

two places, as, for example, Cerro de las Esmeraldas and Comanche,
where this rock breaks through the red sandstone beds, the d :

orito

near to the point of contact occasionally contains some little quartz

grains, which it evidently has absorbed from the rock through which
it has broken ; in such cases a specimen might be obtained which is

mineralogically, but not geologically, a syenite.

The felspathic constituent is generally of a pure white colour,

and triclinic in crystallization
;
but, as anorthite, albite, andesine,

labradorite, and oligoclase also pertain to the triclinic felspars, it
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will require a chemical examination to determine its nature satis-

factorily.

These dioritic rocks show themselves as a series of more or less

detached or isolated patches of rock, protruding themselves through

strata of various ages older than the Cretaceous period, which last-

mentioned system appears to be of still later geological age.

On the Pacific, or western side of the high Andes, from Peru to

Puerto Montt in Southern Chile, a distance of some forty degrees of

latitude, we find at intervals such diorites breaking through the

other rocks ; and lines drawn through the points at which they

make their appearance show that there are two parallel systems of

eruption running not far from north and south, and probably at a

distance of about 100 miles from one another.

In the part of South America forming the subject of the present

memoir, the most western of these lines commences from a little to

the east of Paposo, in the Desert of Atacama, passes through the

metalliferous district of El Cobre, runs along the cliffs at Cobija, and
touches the coast at Gatica a few leagues to the north of Cobija

;

then passing through Tocopilla, Algodon Bay, and the Ansuelo Rocks
near Iquiquc, again enters the mainland, and, after showing itself at

several points before coming to Arica, is seen in Section No. 2 at

Chuntacollo and Guanuni, and still further north in Section No. 1,

between Tarocaehe and Tarata
;
and, from what I can learn, it shows

itself still further north in Peru, and appears to run right through

South America.

The eastern line of eruption, after breaking through the Lias-

rocks between La Encantada and Sandon in the Desert of Atacama,

shows itself at several points before coming to Tilopozo, from which
place I have specimens brought me by Dr. Philippi

;
entering the

central part of Bolivia, unexplored as yet by any geologist, it shoAvs

itself at the Cerro de las Esmeraldas south of Corocoro, and the

Hill of Comanche to the north of that place ; and, from a specimen

sent me, it must appear in the neighbourhood of Tio Guanaco, at

the southern extremity of the Lake of Titieaca, beyond which I have

at present no data for following it further north.

The eruption of these diorites appears to have been generally

accompanied by the evolution of much acid vapours, probably sul-

phurous, to judge from the effects produced on the rocks in imme-
diate contact with the diorites

;
as, wherever they break through

sedimentary strata, these latter are much changed in appearance

and chemical composition.

Thus we find the Lias-shales and porphyritic clay and mudstones

converted into a pure white matter resembling china-clay, by the

'

abstraction of the lime previously contained in them ; and when
this change has proceeded a step further, and, besides, the lime has

also removed much of the alumina present, we find these rocks con-

verted into siliceous or hornstonc-like compounds, which have by
several observers been regarded as rocks entirely distinct from those

from which they have originally been derived: thus the quartz-

porphyries of M. Domeyko and M. Pissis are of this latter character ;
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and the Tofos mapped on M. Domeyko's geological map of Chile in

the ' Annales des Mines ' * pertain to the former. Both of these

classes can he seen at many points in the district here treated of, and

-will be subsequently noticed.

This rock is occasionally itself metalliferous, as at El Cobre in the

Desert of Atacama, where the diorite is very strongly impregnated

with sulphurets of iron and copper. We always find, however, that

the fissures or faults formed in the neighbouring strata by the pro-

trusion of the diorite are converted into metallic veins by the injec-

tion of metallic compounds of sulphur and arsenic ; and a very careful

examination has shown that the metallic veins of the Oolitic and
Porphyry series of Chile, Peru, and Bolivia, which constitute the

great source of mineral wealth of these countries, are all due to the

appearance of this rock. The silver-mines of Huantajaya and the

copper-mines of Paposo, El Cobre, Cobija, Gatica, Tocopilla, La
Portada, and the veins of iron- and auriferous pyrites frequently met
with, are all of this origin.

In these mineral veins I have found the following metallic com-
pounds to occur :

—

Native Gold. Silver-glance.

„ Silver. Galena.

„ Antimony. Zinc-blende.

„ Bismuth. Copper-glance.

„ Arsenic. Copper-pyrites.

„ Copper. Erubescite.

Arquerite. Cuproplumbite.
Amalgam. Stromeyerite.

Bismuthic Silver. Iron-pyrites.

Magnetite. Marcasite.

Specular Oxide of Iron. Covelline.

Domeykite. Molybdenite.
Darwinite. Mispickel.

Algodonite. Danaite.

Discrasite. Glaucodot.

Copper-nickel. Pyrargyrite.

Cobaltine. Proustite.

Bealgar. Enargite.

Stibnite. Tennantite.

Sulphuret of Bismuth.

And further, from the oxidation of the above minerals, the action of

the carbonic acid in the atmosphere, and the elements in the salts

contained in the sea (under which this country has been submerged
since the appearance of these veins), we also find the following

minerals subsequently produced :

—

Malachite. Condurrite.

Azure Copper. Silicate of Copper.
Atacamite. „ of Copper and Manganese.
Sulphate of Copper. Oxide of Copper.

„ of Iron. Chloride of Silver.

Iron-alum. Chlorobromide of Silver.

Manganese-alum. Bromide of Silver.

Botryogen. Iodide of Silver.

* Quatrieme serie, vol. ix. 1S4G.
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A little to the north of Cobija, where, from the configuration of

the coast, the line of dioritic eruptions previously described runs

into the sea, we find these forming small pointed or rugged rocks

jutting up from the sea, as has been noticed and figured by Von
Bibra* and D'Orbigny f.

M. d'Orbigny even supposes these form part of the rock " la plus

ancienne de l'ensemble," and as pre-existent to the upheaval of the

Cordilleras. A careful examination, however, proved to me that they

are only, as before stated, a part of the general line of diorites, and
consequently younger than the Oolitic series which at these very

places they penetrate into and alter as before described.

The diorites on Section No. 2, at Chuntacollo and Guanuni, are

classed and coloured by M. d'Orbigny as granite, thus confounding

under one head rocks which, beyond their common igneous origin,

are neither in external appearance, mineral character, chemical com-
position, nor geological age in any way allied. As far as my re-

searches have gone, I have not met with any granite in South

America which can be proved to be of later geological age than the

Devonian period.

6. Upper Oolitic Series with interstratified Porphyrinic Rocks.—
The sedimentary beds which here represent the Upper Oolitic system

are so interstratified with beds of eruptive porphyries, porphyritic

tuffs, and porphyry-conglomerates evidently contemporaneous, that it

is quite impossible to draw an}r line of demarcation between these

rocks ; and therefore I have followed the arrangement of Darwin in

Chile, in placing all the analogous rocks of Peru and Bolivia under

one head. Besides the above-mentioned porphyry-tuffs, conglome-

rates, and interstratified porphyries, we meet with claystones, mud-
stones, argillaceous shales and limestones, and other beds, many of

which bear a striking resemblance to the rocks of similar age in

Europe. In the south of the district here treated of, we find these

rocks abundantly fossiliferous : and the fossil shells from the beds of

the Desert of Atacama have yielded to the researches of MM. Bayle

and Coquandr, and Dr. Philippi, about thirty-three species of recog-

nized Oolitic forms. My collection from the same regions contains

a number not yet examined, and probably will yield further species.

In the part further north the country has been almost entirely unex-
plored, and the fossils obtained by me as yet have only been Litho-

trocJuis Andii, Ammonites DorneyMi, A. pustUifer, Oolitic Posidonice,

a Gryphcea,, and the cast of a Triyonia, as well as some vegetable re-

mains^
These beds are continuous from Chile right through the Desert of

Atacama; and, in combination with the fossil evidence, there can be*

* " Die Algodon Bay in Bolivien," Denkschriften der k Akad. der Wissen-

schaft. Wien. Math.-Nat. CI. vol. iv. 1852.

t Voyage dans TAmeriqiie Meridionale : Geologie, p. 07.

J Mem. Soc. GrebL France, deux. ser. vol. iv. part. l
e

, 1851.

§ I have not here considered it necessary to go into details as to the fossils,

both as my own collection from the Desert of Atacama has not yet arrived,

and because most of these more properly belong to Chile, and will be considered

in my next communication when treating of that country.
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no doubt as to the extensive development of this formation, which,

throughout its whole extent, is strikingly uniform in all other

characters.

The thickness of these beds is very considerable ; but it would be
too hazardous to venture any estimate of its magnitude without
more decided data than are at present at my disposal. The area

occupied by these rocks, as seen in the accompanying Map, is likewise

very great ; and we find that nearly the whole of the coast-line is

formed exclusively of the above-mentioned rocks, which here form
the " Cordilleras de la Costa," whilst in Chile they constitute the

back range, or " Cordillera de los Andes," a nomenclature which has

caused some confusion, and has been the main cause of the inaccuracy

with which the mountain-chains of this part of South America has

been delineated by geographers.

If we except the small strip of land at Mexillones and the in-

cluded dioritic eruptions, we find that the whole coast-line of Bolivia,

and as far north as Arica in Peru, is formed of these rocks. At
Cobija, in Section No. 3, the Upper Oolitic beds and porphyries

strike about N. 20° W. (magnetic), and dip at an angle of 30° east-

ward, from having been tilted up by the dioritic eruption seen in

the section, which has rendered metalliferous, and also considerably

altered the nature of, the rocks themselves near to the point of con-

tact. I noticed a vein here containing grey and yellow copper-

pyrites, with a little atacamite, carbonate of copper, &c, showing
itself on surface, bearing N. 60° E., with a dip of 12° S.E., and cutting-

through both the dioritic and porphyritic rocks and shales ; the latter

were bleached, and at several points converted into " Tofo," or a
species of clay sometimes of a pure white colour. These clays, as

previously noticed, have evidently been produced by the action of

acid gases accompanying the dioritic eruptions on the felspathic base

of the porphyry-tuffs, &c, and which, by removing the lime and
iron contained in the same, leave behind a more or less pure silicate

of alumina, in the form of a white clay, or " Tofo," as such are here

termed ; at the same time the volatilization of compounds of iron has

coloured the surrounding rocks with various shades of yellow, red,

and brown.

High up the sides of the mountains in this section, a copper-mine,

called the Manto de Ossa, is being worked on a considerable scale

;

and in this mine the ore does not occur as a vein or lode, but as a

regular bed, in amongst the other strata. The cupriferous stratum
itself has evidently been originally a bed of porphyry-conglomerate,
or breccia, in which the interstices between the pebbles, or, rather,

fragments composing the bed, have been filled up with metallic sul-

phurets, most probably infiltrated or injected from some neighbouring-

vein.

Further north, at Gatica and Tocopilla, numerous veins of copper

are worked in these rocks ; and at the former place they appeared to

have a general run of about north-east. The Mina del Toldo, which
I examined, showed for many miles a constant strike of N. 80° E.,

dipping about 85° to the west. The metallic compounds in these

VOL. XVII. PART I. D
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mines were native copper, atacamite, malachite, silicate of copper,

black and red oxides of copper, purple and yellow pyrites, covelline,

sulphate of copper, &c. These minerals frequently contained native

gold in specks disseminated through them, but were stated to be

unusually poor in silver.

The metallic veins which occur near La Portada, in Section No. 2,

and above Tarata, Section No. 2, present features in every way
similar to the above described.

In Section No. 2 is seen probably the best illustration of the

arrangement and extent of the strata composing this formation.

From this it will be seen that, after passing over a series of very

highly inclined and thin-bedded Liassic shales dipping to the west-

ward, we meet with the dioritic rocks of Chuntacollo and Guanuni
breaking through them and altering them at the point of contact.

Above these the same shales, bearing north and south with a dip of

30° to westward, are again met with, and continue, with occasional

interstratification of porphyries, claystones, and porphyry-conglo-

merates, through Palca, Los Troncos, El Ingenio, Quebrada de la

Angostura, up to Questa Blanca, where they have a north or south

strike, and dip 50° to westward ; here they have some beds of white

trachytic tuff superposed upon them, as previously mentioned ; and
near this place we find an anticlinal, causing them now to dip to the

eastward, which dip they retain up to the summit of the nearly

15,000-feet high Pass of Huaylillos. Shortly after passing Questa

Blanca these rocks are very much altered, become flinty and siliceous,

and continue so for a considerable distance, bearing N.N.W., with a

dip of 50° cast : in these rocks several old workings are seen on some
strings of copper. The strike of the beds was at these mines found

to be still N.N.W., with a dip of 20° eastward. The change in

mineral nature here noticed is evidently due, as explained in a former

section of this memoir, to the vicinity of dioritic rocks, and conse-

quent metaniorphic action produced by the intrusion, which also has

developed the copper-veins before mentioned, and those near La
Portada. The diorite is, as seen in the section, visible at one spot,

and probably is much more extensive than would appear from the

small eruption crossed in the line of section. From La Portada to

the summit of Huaylillos the rocks are nearly all porphyritic con-

glomerates, frequently much altered and siliceous ; and on the slope

to the Rio de Azufre several beds of true interstratified porphyries

are seen before coming to the great volcanic ridge of Chipicani.

Crossing these volcanic rocks, we next meet the strata pertaining

to this formation at the River Cano, where they present themselves

as beds of purple porphyry-conglomerate, dipping to the westward,

and broken through by the lateral fissures or dykes of trachyte

seen in the section both here and further eastward, at the Rio Mauri,

at which place they cover uneonformably the porphyry-conglome-
rates, as seen on both sides of the steep ravine through, which this

river passes. The beds here were thick porphyry-conglomerates of a

purple colour and composed of smaller pebbles of porphyry over-

lying beds of porphyry and porphyry-tuffs, which in turn are sue-
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ceeded by a second series of thick porphyry-conglomerates of the

same character as the former ones. In the beds of porphyry-tuff

I noticed fissures filled with a crystalline zeolitic mineral, probably

stilbite *.

These porphyry-conglomerate beds continue up to the valley of

Pailumani, where they are cut through by the great volcanic mass of

felspathic lava seen in the section ; and no trace was then found of

them before coming to the eastern slope of the Pass of Chulluncayani,

where we again meet with a series of porphyries which appear to

belong to this series, and on the top of which I found several

patches of altered red sandstone near Condorana, which evidently

belonged to the Permian or Triassic series further to the east, and
appear to have been carried up by the eruption of these porphyries.

In Section No. 1 another transverse view of the stratification of

this series is obtained, which, however, is not so extensive as the one

just described, owing to the protrusion of the great mass of volcanic

matter to the eastward. The rocks met with in this section are

precisely similar in mineral character to those met with and de-

scribed in the former Section (No. 2), being composed of argillaceous

shales, porphyry-tuffs, conglomerates, claystones, mudstones, and
interstratified porphyries, cut through by dioritic and volcanic rocks,

and at the western extremity of the section dislocated by a series of

faults, which are easily observed on the nearly perpendicular sides of

the great ravine which forms a passage through this chain from
Quilla to the plains of Sama. They are seen to great advantage, and
were easily sketched and followed out, from the occurrence of several

bands or beds of different colours and consistency, amongst which
several thick beds of coarse porphyry-conglomerate were very cha-

racteristic. This section itself will, it is believed, not require further

description, as the general relations of the strata are not very com-
plicated.

At the Morro de Arica, a hill situated to the immediate south of

the town of Arica, and rising perpendicularly from the sea to a

height of about 500 feet above the water's level, we also find a series

of porphyries interstratified with sedimentary beds, but the age of

which has not been as yet satisfactorily determined.

These beds are coloured by M. D'Orbigny as Carboniferous, from
his having found fragments of Procluctus in limestone boulders

enclosed in the porphyry of this hill. I have not considered it ad-

visable at present, before more data are obtained, to separate them
from the other strata with which they appear continuous, and which
have yielded Liassic remains ; but I admit that it requires more careful

examination. A sketch-section of this hill, taken by me on my first

visit to Arica in 1857, shows the following features.

Commencing from below upwards, we find at the base a series of

much-burnt and altered shales, thin-bedded, and of a brown colour,

but too much altered to admit of any recognition. Above this is a

* On examination, its specific gravity was found to be 2-14, the percentage of

water contained in it 17'62, and its hardness 3 -2o ; before the blowpipe it intu-

mesces, becomes milk-white, and ultimately fuses into a white enamel.

D 2
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mass of some hundred feet of intruded augitic porphyry, very cha-

racteristic, and different from all the other porphyries met with in

these parts, from its containing black augitic crystals along with
crystals of white felspar, in a brown, black, or grey felspathic base.

Above these are seen shales similar to those at the base, of a red

colour, and as if calcined*; these are succeeded by a black porphyry,

on which rest altered shales, in the midst of which a tbin bed of

grey limestone is seen, with very indistinct traces of organic remains ;

above this a red porphyry, with white felspar-crystals and black

specks of augite, succeeded by a second series of shales, with an
intercalated bed of limestone similar to the first; above these shales

a second red porphyry, then a third bed of shales, and, lastly, great

beds of red porphyry and some pebbly porphyry-conglomerates,

which contain agates and nodules of calc-spar, the latter frequently

covered by a coating of a green mineral. I do not at present ven-

ture to pronounce any definite opinion on the true position and age

of these beds, but only think that the evidence of their being Carbo-

niferous is not sufficiently strong to be conclusive, especially when
it is considered that we have no strata of that age anywhere deve-

loped along the coast of the Pacific.

Before concluding these remarks on the porphyries, I may also

notice the occurrence of eruptive porphyries and some stratified por-

phyry-tuffs in the midst of the Silurian formation further inland.

These are seen to the north breaking through the ridge which
separates the valley of Illabaya from that of Sorata, a ridge which is

in itself so sharp and steep as to make it appear very surprising to

find it broken through hy erupted porphyry, which has left the top

of the ridge as a peak of somewhat hardened clay-slate : the porphyry

is of a red colour, with white crystals of felspar.

Similar eruptions of porphyry occur near Oruro, breaking through

the Silurian rocks. The latter are eminently stanniferous, from which
circumstance, at the point of contact of the porphyry with the Silurian

slates at one locality, the tin-ore or oxide of tin was found fused (M.

Kroeber informs me) by the heat of the porphyry to a true white-tin

enamel, such as is commonly made artificially.

In the Cerro de Potosi, celebrated for the richness of its silver-

mines, and situated still further to the south, such porphyries are

again found developed ; and further south of this probably they run

into the porphyries of the Desert of Atacama, which are, as before

mentioned, contemporaneous with the Upper Oolitic beds (these emi-

nently fossiliferous).

Drawing a line through these three points, which are coloured on

the accompanying Map (PI. I.), we find they are in one and the

same direction, and have a general bearing of nearly north-west and

south-east.

7. Permian or Triassic Formation.—The rocks now about to be

treated of and considered as representing in Bolivia either the Per-

mian or Triassic formation of Europe, are seen cut through in their

* On the top of these is a bed of saline and recent accumulation, often very

calcareous, and about from 1 to 2 feet in thickness.
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entire thickness in Sections Nos. 1 and 2, in which, although at first

sight thej seem of much greater magnitude, they do not in reality

appear anywhere to attain a maximum thickness of more than

6000 feet, and generally are found to be much under this estimate.

This is due to the great number of folds doubling up the beds,

and also, as seen in Section No. 2 (from Santiago to Nasacara), to

a series of faults which repeatedly bring up the same beds to the

surface.

D'Orbigny has in his section across the same line of country

coloured the greater part of these beds as of Devonian age : at Coro-

coro he makes a part of them Carboniferous, and at the Disaguadero

(Nasacara) puts in a little strip of Triassic. As he cites no fossil

evidence for these divisions, and in fact admits that he has no fossils

whatever from any part of this section, this cutting up into forma-

tions beds conformable to one another, and strikingly analogous in

mineral composition, seems unexplainable except by imagining that

here, as generally throughout his ' Geology of Bolivia,' he proceeds

with the supposition that no link in the chain of geological forma-

tions should be deficient.

The strata so classed under these different denominations can in

some instances be shown to be part of one and the same series of

beds, and, taken as a whole, possess all main features in common.
I have therefore not considered myself justified in retaining these

subdivisions, until at least more evidence is produced, and for the

present have grouped the whole of these beds as one series, under

the name of Permian or Triassic. The balance of evidence appears

in favour of the Permian epoch, although at the same time I admit

that the absence of satisfactory fossil-evidence still leaves the ques-

tion an open one for inquiry.

These beds are penetrated, upheaved, and altered by the linear

eruption of dioritic rocks which runs through the whole extent of

Peru, Bolivia, and Chile, and which are contemporaneous with the

Cretaceous period. The section from Pisaca to Comanche shows

an example of this. That they are more ancient than the Upper
Oolitic series, is shown by their having been broken up and ele-

vated by the porphyries which are found imbedded or inter-

stratified in this system, and are inseparably connected with the

same in geological age. At Condorana (Section No. 2) this will be

seen to be the case. Still further north, between Condorana and
Pisacoma, these beds appear to dip beneath the whole Oolitic series

;

but the nature of the ground was not favourable to a perfectly con-

clusive examination.

Fossil plants are everywhere found in this formation ; but gene-

rally they are very indistinct. In some places, as at Pontezuelo, large

trunks of trees silicified are found in abundance ; and several speci-

mens of carbonized wood which I procured from the sandstones of

Corocoro are as yet not examined *.

* Since the above was written, sections have been made of two of these woods,
and prove them to be Coniferous ; but the structure is too indistinct to allow of

further recognition.
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I was informed that a complete Saurian head had been extracted

from the same beds by M. Ramon Due, but was not successful in

obtaining it, nor some fossil bones and teeth now in the museum of

Avignon, in France, sent there by M. Granier, of La Paz.

These beds are superposed quite unconformably on the Devonian
strata at Coniri (Section No. 2), where the red conglomerates, con-

sidered as the lowest beds of the series, abut against the nearly

vertical Devonian shales.

The mineralogical characters of this system so strikingly remind
one of the descriptions of the Permian rocks of Russia by Murchison,

Keyserling, and De Yerneuil, that when reading it subsequently

to my arrival in England, it seemed as if treating of these very

strata.

They consist of red, greenish, and variegated marls, saliferous and
gypseous marls, gypsum beds, along with fine red sandstones, thin

grey pebbly conglomerates,and red conglomerates. The marls are par-

ticularly well developed from Santiago to Nasacara (Section No. 2)

:

at Laguna del Toro (Section No. 2) and at Corocoro (fig. 2, p. 41),

we have brownish-red sandstones, with indistinct vegetable impres-

sions, capped by thin gypsum beds and variegated marls. The
gypsum beds are frequently of great thickness and extent : in some
places, as at Berenguela, they are quarried to some extent, and pro-

duce abundance of fine alabaster, extensively used for the purposes

of architecture (for example, the fountain in the Alameda of La
Paz, &c.) : some of the slabs of this material are so transparent,

that tablets of it, until very lately, have been in general use in

this part of Bolivia as a substitute for window-glass : I noticed that

the windows of the church at Pisacoma were formed of this ma-
terial in slabs of about two inches thick. The sandstones vary from

red to brown in colour, and generally are not very compact, much re-

sembling occasionally the sandstones of this formation in England, as

at Pacheta (Section No. 2) we find them lighter in colour, and some-
times yellowish. The conglomerates, when intercalated with the sand-

stones, are generally of very insignificant thickness, often not many
inches across, and contain principally small rounded quartz-pebbles,

of the size of a nut, as at La Guardia (Section No. 1); those at

Coniri are of considerable thickness (probably some hundred feet),

and are of a deep red colour, and consist exclusively of rounded
fragments of quartzites, grauwackes, clay-slates, and granite, all

similar to those found in the eastern division of the diluvial forma-

tion before described, and evidently of the same origin.

As in the European Permians, brine-springs are very common in

this formation ; and the cupriferous sandstones, here so well deve-

loped at Corocoro, Pisaca, San Bartolo, Santa Barbara, &c, appear

as the representatives of the similar cupriferous beds of Russia, the

Thiiringerwald and the Blarz ; and a further curious coincidence may
be found in the determination by Mr. Kroeber of the presence of

the rare element vanadium in the Corocoro copper-sandstones,—an
occurrence long known as peculiarly characteristic of the Thurin-
gian Kupfer-Schiefer.
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As seen in the accompanying Map, this formation extends from
the Lake Titicaca in Peru, southwards, nearly, if not quite, through
the republic of Bolivia, and possibly runs right into the Argentine

provinces to the back or eastern side of the volcanic range of the

Desert of Atacama, and everywhere presents the same characteristic

features. The cupriferous sandstones, for example, which are so

characteristic of this formation, show themselves all along this ex-
tent. Beginning their appearance in the north (in the district of

Puno), they are seen at the Pacheta (Section 2), then at Pisaca, Coro-
coro, Chacarilla, El Turco, Santa Barbara, San Bartolo, and even fur-

ther south ; and Mr. Villamil informs me that they are also visible

in the district of Andalgalla, in the Argentine republic,—a distance

of fully 500 miles from north to south. The breadth of country over

which they are found is probably from 50 to 80 miles across ; and the

Sections Nos. 1 and 2 show the general character of their transverse

section, exhibiting a series of longitudinal ridges, elevated to no great

height above the general level of the plateau, seldom higher than from
1500 to 2500 feet above it, and formed by a series of anticlinals

having a general strike of from N.10°W. to N.W. with varying
dip.

A few of the more important observations of the strike and dip of

the strata met with in Sections Nos. 1 and 2 are here appended :

—

Hill east of Santiago de Machaca. Soft red sandstones, Strike. Dip.

with red and white marls N.10°W. 15° E.

Hill at San Andres de Machaca. Eed and white marls N.20° W. 16° N.E.
Hill east of Nasacara. Red clay, with pebbles and
compact red shales 20° N.E.

Hill further east of Nasacara. Red and purple clays. . . 10° N.E.
Pacheta de Antarini. Soft red sandstones and red marls N.W. 45° N.E.
Laguna del Toro. Brown-red sandstones, with gyp-

seous beds N.W. 50° N.E.
Little east of Laguna del Toro. Red-brown sandstones,

with cupriferous beds N.W. 70° N.E.
Pacheta. Red-brown sandstones, with cupriferous beds NN.W. 40° W.
Pacheta (further east). Red and yellowish sandstones N.E. 30° S.E.

Pacheta (still further east). Red and yellowish sand-

stones 20° S.E.

Ditto. ditto 10° SE.

Ditto. ditto 30° S.E.

Ditto. ditto N.E. 20°NN.E.
West of Tambillos. Light reddish-brown sandstones,

with finely contorted lamellar structure, and the

stratification marked by rows of peculiar black spots NN.W. 25° N.E.

ElTambillo. Red sandstones N.W. 45° N.E.
Between El Tambillo and Coniri. Red conglomerate,

large pebbles of quartzite, grauwacke, and granite,

occasionally a fragment of clay-slate N.W. 40° N.E.

La G-uarclia (Section No. 1). Red sandstone and grey

pebbly conglomerate, with colourless quartz pebbles NN.W. 45° S.W.
East of Pisacoma. Thin fine red grey and white sand-

stones and pebbly conglomerates N. 10° W. 20° S.E.

In the accompanying Map (PI. I.) it will be seen that at Penas,

near the south end of the Lake of Titicaca, a small patch is coloured



40 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Nov. 21,

as Permian, quite detached from the rest of this formation, with

which it has been grouped merely from its general resemblance

in mineral character. It rises in the midst of the eastern plateau

or " Puna " (as it is generally termed by the natives) as a steep

ridge, broken in the centre so as to form a steep anticlinal, with the

strata dipping respectively to west and eastward. The centre of

this anticlinal is formed of red sandstones with gypseous seams ; at

Penas the gypsum frequently occurs in crystalline plates of great

purity ; above these, to the westward, are some beds of coarse red

conglomerate, which, in turn, are succeeded and covered by a second

series of red sandstones. At Penas the gypseous sandstones which
form the anticlinal have a strike of N". 20° E., and, after dipping at

a high angle to the east, gradually become less inclined, and rise,

with a reverse or westerly dip, in a little hill to the eastward, thus

forming a shallow intermediate basin ; the red conglomerates which
should overlie them do not come to the surface.

The well-known copper-mines of Corocoro (which, besides the

supply for the home-consumption, exported from the port of Arica

in one of the last years washed copper of the local value of

2,450,000 dollars) are situated in the red sandstones of this forma-

tion, and have been worked by the Indians from time immemorial.

They were found in operation at the time of the Spanish conquest,

and since then, up to the present date, have gradually increased in

importance, notwithstanding that many of the mining and metal-

lurgical processes are conducted in a manner more indicative of the

times of the Inca dynasty than of the nineteenth century.

The copper occurs native as metallic grains or larger masses, dis-

seminated irregularly in certain beds of sandstone ; but combinations

of copper with oxygen, arsenic, &c. are also found occurring in a

similar manner to the west of the line of fault ; the metallic copper,

however, is the main object of exploration, and in a state of powder,

resulting from the crushing and washing of the cupriferous sand-

stones, is exported in large quantities to Europe under the name of

" copper-barilla." The want of coal or wood in this barren region

prevents the other or mineralized ores of copper being worked or

concentrated to a sufficiently high percentage for exportation,—the

only smelting works in operation for the supply of the country, and
for some little ingot-copper for exportation, being supplied with fuel

from the excrements of the Llamas—it being considered that 100
quintals (each quintal = 101| lbs. English) of Llama dung will

smelt 80 quintals of " copper-barilla*.' The furnaces employed are

* Owing to a wise provision of nature, the Llamas, when pressed by the calls

of nature, do not, like the sheep, scatter their excrements over the ground at

random, but resort to fixed spots, which they select themselves for the purpose,
which circumstance enables an almost incredible quantity of this material (espe-
cially when we consider that in size the excrements do not materially exceed
those of the sheep) to be collected for the use of the copper-smelters, and for the
general supply of the iidiabitants with fuel in a country otherwise destitute of
combustibles. The other animals allied to the Llama' (Alpaca, Vicuna, and
Guanaeo) also follow this laudable custom.
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reverberatories with two chimneys instead of one as generally used

for coal or wood.

The mode of occurrence of the cupriferous deposits of Corocoro is

shown by the accompanying sketch-section (fig. 2), not drawn to a

scale, but affording a pretty good general idea of the main features of

this important mining-district. In this section the beds of cupri-

ferous sandstone which are known and worked are denoted by
continuous black bands, whilst those supposed to exist, but not yet

proved, are shown by interrupted black bands.

Fig. 2.

—

Diagram-section of the Corocoro Copper-mines.

12 3 Fault.

1. Veta del Buen Pastor. 2. Veta de Eejo. 3. Veta Umacoia.

In the centre of the section a great fault is seen bearing nearly

but not quite N.W., and dividing the whole metalliferous district into

two parts ; and on examination

it was found to have produced Fig. 3.— Ground-plan of the Fault.

both a horizontal and a vertical

disturbance in the original po-

sition of the beds. Horizon-

tally, the beds which, if merely
broken and lifted up vertically

on one or both sides of the fault,

would naturally show parallel

lines of outcrop, do not so
;

but on the right hand or east

side ofthe fault they are skewed
round, so as to make an angle

of about 10° to the fault and
the outcrop of the beds on the

west side. This will be fully

understood by reference to the

annexed woodcut(fig.3),which

is supposed to represent a ground-plan of the present outcrop of the
lines of stratification on both sides of the fault, and will not require
further explanation.
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Still further westward, at Pontezuelo, out of reach of the imme-
diate action of the fault, the beds were found as follows (commencing
from the westward) :

—

N.35°W. Dip.50°S.W. Pine red sandstone beds. Found to

affect the magnetic needle.

N.35°W. „ 45°S.W. Coarser red sandstones, about 150 ft.

thick.

N.35°W. „ 45°S.W. Fine laminated and thick beds of red

sandstone.

N.40°W. „ 45°S.W. Fine grey sandstones.

N. 45° W. „ 40° S.W. Coarse grits and fine conglomerates,

consisting of white quartz-pebbles,

hardened grey, black, and greenish

slates, and fragments of red sand-

stone.

Starting from the westward, over a series of fine-grained red

sandstones, we come upon some coarser and more gritty strata, in

which are imbedded several seams containing copper, visible on the

surface by the green colour acquired by oxidation (they are not

worked, being considered too poor) ; pebbly conglomerates are then

passed over, some of which are also impregnated with copper ; and
we then arrive at the Yeta de Buen Pastor, a fine-grained sandstone,

impregnated not only with copper, but also with native silver, dis-

seminated in fine metallic grains through the mass of sandstone.

As the silver is of more value than the copper associated with it,

this bed is worked exclusively as an argentiferous exploration.

The succeeding strata are still coarse grits and fine conglomerates

;

and we come upon the Veta de Pejo, or Veta Copacabana, which
also differs essentially from all the others from being rich in copper

in a mineralized state of combination with arsenic, sulphur, <fec.

The ore from this mine being very dark in colour, from the presence

of much arseniate of copper, this stratum is frequently termed the
" Veta Negra," or black vein. Still lower in the same class of beds,

the Veta Remacoia, or main seam of copper, is encountered and
found to produce native copper, disseminated irregularly through a

coarse grit, in grains, irregular lumps, or plates, sometimes of very

considerable size. This seam is considered to have been the most
anciently worked deposit of Corocoro, as it had been extensively

worked by the Indians before the Spanish conquest ; at present it

is regarded as nearly exhausted, notwithstanding its extent of several

miles, over which it has been explored. It is probable that by
" exhaustion" is only meant a miner's mode of expressing that the

depth of the workings and difficulty of keeping them free from water

does not equal the value of the produce.

Below this metallic bed we find some gritty strata, and then have

a characteristic bed of fine-grained crumbly red sandstone of im-
mense thickness, the upper edge of which is seen on the surface

close to the line of fault. Nothing is now known of the strata,

metallic or otherwise, which may exist in depth on this (western)
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side of the fault; but the metallic beds depicted in the section are

supposed by me to exist, for reasons which will subsequently be

explained.

Crossing now over to the east side of the line of fault, we find an

immense development of the same fine-grained sandstones as those

noticed as composing the last bed met with on the surface to the west-

ward of the fault ; and in the lower part of this bed we find developed

a series of metalliferous beds differing considerably in their features

from the " vetas " (or veins,—more properly, beds) previously de-

scribed as seen and worked on the surface at the other side of the

fault. These, from their being of much less thickness, are called

by the miners " ramos," or branches
;
and, for the sake of clearness,

only five of these are drawn in the section, whereas many more exist,

as known by the mining explorations in them : for example, in the

" Mina de Cimbani " there occur five principal or workable " ramos "

and nine lesser ones ; and possibly a still greater depth may bring

others to our knowledge.

The strike of these " ramos " is tolerably constant, and only

affected by purely local circumstances ; but the dip was found to be

higher as we approached the fault : thus, in the Mina del Pozo the

following observations were taken :

—

Strike N. 25° W. Dip. 80° E.

„ N.20°W. „ 75° E.

„ N.35°W. „ 70° E. (Eamo de San Jose.)

„ N.35°W. „ 35° E,

„ N.25°W. „ 30° E.

the angle decreasing with great rapidity as we get away from the

fault, showing that a sort of bend or curve had taken place in the

beds on settling down or coming to rest after the dislocation.

A considerable amount of gypsum is found in the form of strings

or veins, also as small crystalline particles disseminated through
these and the beds of red sandstones of this whole series.

These cupriferous beds are very extensively explored in Corocoro,

and produce a large portion of the supply of copper derived from
this district. The ore obtained from the " ramos " is very different

and in a much finer state of aggregation than that from the " vetas :"

this probably arises from the latter being situated in the midst of

much coarser and more porous or open beds of grit and conglomerates

of small pebbles. In both cases the ore is seldom continuous for

any great distance, but is found scattered through the metalliferous

sandstones, in irregular patches or spots of a white or greenish-

white colour, full of small grains of metallic copper : the colour of

these spots, forming a striking contrast with the deep red colour of

the rest of the bed, affords, at first sight, a sure indication of the

presence of the metal. This discoloration (for such it evidently is)

seems to indicate some chemical change having taken place, appa-
rently connected with the reduction of the copper to the metallic state,

and the formation of the sulphate of lime (gypsum) in these beds.

An attentive study of this interesting formation has led me to
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the conclusion that this change has been caused by the evolution

of sulphurous fumes, disengaged, and penetrating into the pores of

the strata, at the time of the eruption of the dioritic rocks of Co-
manche and the Cerro de las Esmeraldas, situated respectively to the

north and south of the metalliferous district of Corocoro, and the

protrusion of which through these Permian beds I consider as

having caused the fault itself and the accompanying dislocations of

the strata.

The sandstone I suppose to have been, previously to this disturb-

ance, calcareous, and more especially so in the cupriferous parts, in

which I regard the copper as having been present in the state of

oxide or carbonate associated with carbonate of lime. Sulphurous

acid, by combining with the oxygen of the oxide of copper to form
sulphuric acid, would reduce the copper to the metallic state, whilst

at the same time the sulphuric acid thus formed, acting upon the

carbonate of lime, would produce the sulphate of lime (or gypsum)
invariably accompanying these deposits.

It would have much simplified our ideas as to the geological age

and origin of the occurrence of copper in South America if these

deposits could have been shown to have had their cupriferous con-

tents injected into them at the time of this dioritic eruption, which,

as previously has been stated, is the direct cause of all the copper-

veins which I had previously met with in Peru, Chile, and Bolivia.

The question deserves further investigation ; but the facts in hand
appear contrary to this view, and to point out the copper as originally

present in these sedimentary beds, probably, not as metallic copper,

but in a state of combination, and subsequently reduced to the

metallic state as before explained,—in corroboration of which it may
be mentioned that these dioritic rocks can be everywhere proved to

have been accompanied by a great evolution of sidphurons acid and

other gases, by which the rocks in immediate contact have very

generally been greatly metamorphosed. The supposition that the

sandstones were calcareous is only in accordance with the frequency

of calcareous beds met with in the unaltered parts of this formation.

The eruption of these dioritic rocks may, however, have possibly

been the cause of our finding certain beds (or rather portions of

beds), to the west of the fault, containing metallic silver, and im-
pregnated with arsenic, sulphur, &c, by which arsenides, sulphides,

&c. of these metals have been formed as domeykite, condurrite,

copper-glance, <fec.

One of these compounds, occurring in the Veta del Pmen Pastor

(previously mentioned), in the form of grey metallic grains dissemi-

nated in the sandstone in a similar manner to the usual occurrence

of native copper before described, was analysed by me and found to

be domeykite, the analysis affording

—

Copper

Silver

Arsenic

71-13

0-46

28-41

100-00
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It would appear very probable that this had been formed in situ

by the action of arsenical vapours on the metallic copper dispersed

in the bed. That such a result can be thus produced may easily be

experimentally demonstrated by holding a small piece of Corocoro

copper-ore over a heated crucible containing arsenic.

Only a certain portion of the beds appear to have been so affected

;

and the spotted portion in fig. 2, p. 41, is supposed to represent

this line of arsenical and other impregnation, from which it will be

seen that the Veta del Buen Pastor and Yeta de Rejo are altered

from the surface ; but the main bed, or Yeta Umacoia, is, I believe,

not affected at the surface ; but it is so deeper down, since we find

that the native copper from the Mina Cimbani contains arsenic,

as seen from an analysis which is given a little further on : and I

am informed that silver has been met with in depth in the Mina
de Quimse Cruz

;
possibly this impregnation of arsenic, silver, &c.

might (or in greater depth be found to) present itself as a vein of

these metals.

The metallic copper of Corocoro is not only found as small grains

in the sandstones, but also in nodules, irregular lumps, and plates

or sheets interposed between the beds of sandstone, occasionally

assuming crystalline and beautiful dendritic forms. In the Socabon

de la Paz, on the Yeta Umacoia (main seam), pseudomorphic cry-

stals of native copper are found as hexagonal prisms without ter-

minal planes ; an analysis of one of these by Mr. Kroeber is an-

nexed :

Copper 98-605

Silica 0-015

Silver (trace)

Iron (as lost) 1-376

Metallic matter (insoluble in

N0
5
HC1) 0-004

100-000

Some are solid ; but others, when sawed through, exposed a nu-
cleus of carbonate of lime, which would lead to the inference that

these pseudomorphs had been formed by the action of a solution of

copper on crystals of carbonate of lime, and by some subsequent

chemical change the carbonate of copper so formed had been reduced

to the metallic state.

As is well known, the Permian Kupfer-Schiefer, or cupriferous

bituminous shales of Thuringia, are characterized by the occurrence

of the rare metal vanadium entering into their chemical composi-

tion ; it appeared to me, therefore, of considerable interest to know
whether this also was the case here in Corocoro, where strata oc-

curred of very different mineral character, but supposed to represent

the same geological epoch. Not having a laboratory at my command,
Mr. Kroeber kindly undertook the examination ; and his analysis of

the washed copper-ore from the Mina de Cimbani, previously men-
tioned, afforded the following residts :

—
ft
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Water 3-500

Copper 63-341

Iron 1-200

Silver 0-003

Sulphuric acid 4-301

Sulphur 2-102

Arsenic 21-341

Carbonic acid 4-032

Vanadic acid , . . . 0-412

Sand 0-100

100-332

from which it will be seen that even here in Bolivia, so far distant,

the same chemical agencies had been in operation, and we find the

metal vanadium playing a geological role, if such a simile be
allowable.

As the respective names of " veta " (vein) and " ramo " (branch)

denote, the metalliferous beds situated to the east of the fault

had most probably, from their lesser thickness, been regarded as

branches or offshoots of the former,—a supposition apparently sup-

ported by finding in the Mina Cimbani the actual contact of the

former with one of the latter (Eamo de San Prudentio) ; and a large

hand-specimen in my possession, taken from this point, and kindly

given me by General Brown, the proprietor of this mine, shows, as

in fig. 4, the two inclined at an angle

one to another, strongly cemented to- Pig. 4.

—

Sketch of the Hand-
gether, and presenting the peculiar specimen, showing the Fault.

characters of each of these different

deposits and the adjacent rocks in

which they are situated. This circum-

stance is naturally due only to the

different inclination of the strata on yeta

each side of the line of fault, causing

the veta to cross the upper ramos ; it

is, however, interesting as showing
how intimately the fault has been closed up by the grinding and
sliding action which accompanied its formation.

Attempts had been, at various times, made by the miners of Coro-

coro to pursue their workings on these ramos through and on to

the other side of the fault, and also to discover the representatives

of the vetas on the eastern side of the same ; but researches made
without any preconceived idea of the true state of the case were not

likely to be successful; and, up to the time I left Corocoro, they

had not been attended with other results than pecuniary loss. Time
did not permit of my making a correct section across this interesting

metalliferous district, and so deciding the question ; but a study of the

immediate neighbourhood of the fault, and particularly the discovery

to the west (and close up to the line of fault) of the upper beds of

fine-grained red sandstones, very different from the coarser beds

Eamo.
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above them, and so analogous in character to those on the east side of

the fault (and which also I could find developed further west),

furnished me with a clue to the explication of the question as

represented in the section. I have further reason to believe this

to be correct from finding, much further to the west (as marked
in the section), coarser and pebbly beds and traces of the outcrop

of cupriferous beds, which, on examination, may possibly prove

to be the representatives of the western half of the dislocated

" vetas." *

Before taking leave of Corocoro, I must mention the occurrence of

fossil wood in the beds of the mine of Quimse Cruz, in a carbonized

state, and occasionally having the pores filled with metallic copper

;

also the occurrence of a fossil skeleton of a Mammal in the mine of

Santa Eosaf in 1859, part of which I was enabled to obtain through

General Brown, and which Prof. Huxley, having kindly examined
it, pronounces to be the skeleton of a mammal of the Camel tribe,

allied to the Llama, but presenting marked differences from it : it

has been called by him Macrauchenia Boliviensis% . See p. 73.

The occurrence of a Mammal of the post-pleistocene period in

strata considered as so much older appears only to be accounted for

on the supposition that the animal had fallen into a fissure in these

rocks, and been subsequently covered up by the crumbling sandy
debris of the adjacent rocks, which has gradually consolidated. The
mine of Santa Bosa being situated close to the fault, it might be also

possible that some portion of the fault itself has not been closed up,

and has thus left a fissure, which might account for the depth at

which these remains were found under the surface. The bones

themselves are in some instances almost converted into copper, or

at least the pores are filled with that metal,—a circumstance easily

accounted for in strata so highly impregnated with it.

I have gone into this detailed description of the cupriferous forma-
tions of Corocoro, because they are at present the object of the most
important metallic explorations in the Permian rocks of Bolivia ; but
from all I can leam, the other mining districts in this formation

present quite analogous features, and in some cases, as at San Baxtolo

in the south of Bolivia, are developed on an equally large scale,

—

the occurrence of the metallic copper in them being exactly as de-

scribed in Corocoro §.

The disturbances or convulsions which have affected the Permian

* I cannot but express here the obligations I am under to Fieldrnarshal

Brown, M. Pedro Saienz, and other friends at Corocoro for the kind assistance

they afforded me in my researches in this part of the country.

t The former of these mines belongs to Mr. Teare, the latter to Mr. Griffiths.

\ The occurrence of an animal allied to the only known larger mammals
of this part of Bolivia (the Llama, Alpaco, Guanaco, and Vicuna) is further in-

teresting as showing that the great Bolivian plateau, at so much earlier a period,

was inhabited by animals generically allied to those found there at present, and
two of which (the Llama and Alpaco) are known to be indigenous, and not to

occur elsewhere in the world.

§ Mr. Abel of Copiapo has, in a letter, kindly forwarded me the following
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or Triassic strata in this part of the world are referable to three

distinct epochs :

—

1. Their upheaval by the porphyries of Oolitic age.

2. The protrusion of the still later dioritic rocks.

3. The eruptions of the volcanic rocks, properly so called.

All these have been already treated of more or less in detail ; and
in the sections accompanying this memoir (PI. II.) these occurrences

are in themselves sufficiently obvious to require no further expla-

nation.

8. Carboniferous Formation.—The rocks of Carboniferous age met
with in Bolivia, to the west of the high Andes, appear, at intervals,

as small, elongated, basin-shaped deposits, the longer axis of which
is more or less north-west and south-east ; these basins are situated

in the midst of the great western diluvial plateau, showing them-
selves to the north at the Lake of Titicaca, and, further south, in

the provinces of Arque and Oruro.

The portion of this formation examined by me is shown in the

accompanying Map (PI. I.) and Section No. 1 (PI. II.), where it

forms the Isthmus of Copacabana in the Lake of Titicaca, the pro-

jecting headland on the other side of the Straits of Tiquina, and the

islands in the lake itself. It is of very small extent when compared

to the immense areas occupied by the other sedimentary formations

here treated of ; but it is everywhere highly fossiliferous, and pre-

sents a fauna which leaves no doubt as to its geological age : the

lowest elevation of any part of it visible is about 12,500 feet ; and it

ascends from that height up to fully 14,000 or 15,000 feet above the

level of the sea.

The unfortunate circumstance that war was declared between the

republics of Peru and Bolivia when I was in this part of the country

prevented me making anything but a most superficial examination.

As this isthmus is divided between the two nations by such a ser-

pentine line of frontier that in a day's journey in a straight line the

traveller enters and leaves the territory of one or the other of these

republics no less than seven times, and both lines of frontiers were
occupied by the respective hostile armies, a geologist was placed in

a very suspicious and uncomfortable position—as I had reason to

experience. I was therefore glad to get over the ground as quickly

analyses of the copper-sands from San Bartolo, showing the composition of the

ores found there in the cupriferous sandstone :

—

1. 2.

Copper 57 3 34-3

Insoluble matter 1 or . cn o
Silica, &c. }

3o '4 502

Alumina, Iron, &.c. \ „ „

Soluble in acids J ** ra

Carbonate of lime 14 6 9

98-5 98-7

the deficiency in the above analyses being due to a portion of the copper being in

a state of oxidation in the ore: thus, in No. 1, 99 per cent, of copper were dis-

solved in dilute hvdrochloric acid.
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as possible, and was only enabled to make observations on tbe imme-
diate route ; so tbat the section of this basin is to be regarded as a

sketch merely
;
but, at the same time, I believe that it represents

pretty accurately the real state of the case.

Starting from the eastern portion of this section, from Hachecache,

after traversing the volcanic rocks and a series of highly contorted

beds supposed by D'Orbigny to be of Devonian age, we arrive at the

Carboniferous series, represented in the section as being unconform-

able to, and abutting up against, the last-mentioned beds, owing to

^ ^ the occurrence of a fault

:

this appeared to be the case

;

but I admit that it is not de-

termined with as much pre-

cision as I could have wished.

The strata first met with

are red sandstones covered by

\\ \ \ \ g? a .S some white sandstones, both

of which alternate with and
are succeeded by a rather

nondescript rock, probably

igneous, as the overlying beds

of shales appeared to be al-

tered as if by such agency;

above these are some thin

calcareous beds (fossiliferous),

but the fossils I met with were

too indistinct for determi-

nation; and then greenish

O/X^W \ ^ « w B" shales, compact greenish

shales, and red shales, suc-

ceeded by beds of red sand-

stone, forming the beach at

Tiquina, at the Lake of Ti-

ticaca.

The Straits of Tiquina,

which here separate the lower

from the upper part of the

lake, appear to the eye not

to attain a breadth of more

than from one-half to one

English mile across, and,

from the appearance of the

stratification on both sides,

are most probably the seat

of a great fault which has

broken up the continuity of

the Carboniferous series.

Hitherto in the section

these strata have all shown a dip to the westward, at pretty high

angles, up to Tiquina : on crossing the straits, however, we meet
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with red sandstones, apparently identical with those on the other

side, but so dislocated as to present the appearance of the broken

half of an arch ; and a few yards further from the beach the beds are

brought to a vertical position ; and thus forming a fan-shaped con-

tortion, they commence dipping to the eastward at angles at first

veiy high, but becoming lower and lower as we proceed westward.

The relations and order of succession of these rocks are, however,

much better seen in fig. 5, showing a section of the Carboniferous

series, from Tiquina to La Guardia, in an east and west direc-

tion. This section appears to represent the entire thickness of this

formation.

The above section will require no further explanation or descrip-

tion of succession ; but with reference to the fossils, I may state

that those which I was enabled to extract from these beds have been

named by Mr. Salter as follows :

—

Productus semireticulatus, Martin. Athyris subtilita, Hall.

(P. Inca, D' Orb.) Orthis resupinata, Sow. ?

Productus Longispina, Sow. (Capacii, Andii, If Orb.

along with numerous fragments of Corals and Crinoids in too imper-

fect a state to admit of being recognized.

A Phacops, named in Plate IV. Phacops Pentlandii, was brought

from Aygatchi at the south end of the Lake of Titicaca, by Mr.
Pentland in 1838, and supposed by him to be in the Carboniferous

rocks there
;
but, according to Mr. Salter, this is an Upper Devonian

type. It might possibly come from the sandstone series at the base

of the Carboniferous, as the rock in which the specimen is imbedded

seems to point out ; in such a case these sandstones may be of Upper
Devonian age.

I have not had an opportunity of visiting the Carboniferous beds

in the provinces of Arque or Oruro ; from the former, Colonel Lloyd

some time ago sent home the following species :

—

Spirifer Condor,

S. lineattis, Productus Cora, P. Inca, P. Boliviensis, and Orihis Andii.

The Carboniferous rocks of the Department of Santa Cruz appear

to form a perfectly distinct series from the above-described isolated

basins, being situated at a much less elevation above the sea, and cut

off from all connexion with the others by the intervening mountain-

chain of the Andes. According to M. D'Orbigny they are of much
greater extent ; and the fossils which I have seen appear in much
more perfect preservation. Mr. Gumming brought to England the

following fossils, stated to be from Santa Cruz :

—

Terebratula mille-

punctata, Rhynchonella Peruviana, R. Pleurodon, Spirifer Boliviensis,

and S. Condor.

M. D'Orbigny has coloured on his map as Carboniferous a small

patch around and including the " Morro de Arica," which is seen in

Section No. 2 as a steep hill rising perpendicularly from the water's

edge to the height of about 500 feet above the sea. The evidence he
adduces is the occurrence of traces of a Productus in blocks of lime-

D'Orb.)

Spirifer Condor, D'Orb.
Boliviensis, D' Orb.

Rhynchonella (new species).

Euomphalus (Phanerotinus ?).

Bellerophon ; like B. Urii, Flem.
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stone brought up by the porphyries which constitute the greater mass

of this hill. This evidence does not appear to me sufficiently con-

clusive to warrant its being separated from the other strata, which
appear continuous, and which are decidedly of Upper Oolitic age,

—

more particularly as we have no example of the occurrence of Car-

boniferous beds anywhere along the coast of the Pacific in South

America. I have therefore classed them along with the Upper
Oolitic series until a more careful examination, which I hope soon to

make, may afford data for determining their exact position.

9. Devonian Formation.—The rocks which in Sections Nos. 1 and

2 are represented as of Devonian age have only been so coloured since

my arrival in England : when these sections were made in Bolivia

I had always regarded them as forming part of the Upper Silurian

series, and coloured them accordingly.

I have been induced by Mr. Salter to look upon them as possibly

Devonian, although far from being convinced of their being so in

reality. The evidence of their geological age is as follows. No fossils

were found in the beds of either of these sections by myself-; but

M. D'Orbigny cites one single specimen as occurring near Hachecache,

a new species of OrtJris, called by him Orihis pectinata, and re-

garded as decidedly Devonian by him, although Mr. Salter, judging

from the figure and description of M. D'Orbigny, allows that it might
pertain to any formation from Silurian to Carboniferous. The Plia-

cops Penilandii, from Aygatchi, is from near the junction of these

rocks
;
but, as previously observed, it may possibly (as Mr. Pentland

supposes) come from the base of the Carboniferous basin, the beds

at the base of which might consequently be of Devonian age ; but

the exact locality of this fossil is too uncertain to allow it to be con-

sidered in settling this question. A series of beds of somewhat
similar mineral composition occurs in the same strike as these at

Oruro, in which a white sandstone contains great numbers of an
Orihis considered by Mr. Salter as Devonian or Carboniferous from its

belonging to the group of Orthis resupinata and O.filiaria. The Car-

boniferous series having been also developed, as previously mentioned,

in Oruro, this Orihis might possibly belong to the sandstones at the

base of the same. A Favosites also found near Oruro does not afford

any satisfactory evidence, and we have only one fossil admitted to be

truly Devonian—the Phacops latifrons, found in a rolled pebble in

the diluvial plain near Oruro, and which is believed by Mr. Salter

to agree in all essential particulars with the European and American
species.

Any evidence derived from thickness of strata in a case where the

Devonian, Upper Silurian, and Lower Silurian formations united, as

exhibited in the sections here laid before the Society, are not con-

sidered to attain a collective thickness of more than 20,000 feet, can-

not be taken as in any way conclusive against grouping the whole

of these strata under the Silurian formation, when the magnitude

of similar strata in other parts of the world is taken into con-

sideration.

Having frequently heard of the immense development and thiek-

e 2
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ness of quartz-rock in Bolivia before having visited that country, I

afterwards paid considerable attention to this point ; but in the di-

stricts traversed by me, although containing a vast area composed of

more or less compact sandstones and impure siliceous beds, with in-

terlaminated partings of blue, olive, or brownish-red shales or slates,

I did not meet with any very extraordinary thickness of them.

A superficial observer, particularly if passing rapidly over the

ground, might, in several places, easily be deceived into the belief

that such a thickness really occurred, from finding the strata dip-

ping to one side over a great distance, as, for example, between
Hachecache and Tiquina, where the beds passed over might for this

reason appear to form part of an immensely thick series. As shown
in Section No. 1, these beds are in reality contorted and doubled up
into an almost innumerable series of extremely sharp, small folds

;

and in this case I counted no less than 23 such folds in the short

distance between Hancoamaya and the commencement of the Car-

boniferous series, owing to which the appearance of a very general

dip to the eastward was presented.

In the annexed map (PL I.) the Devonian series is coloured toge-

ther with the Silurian with one tint, from my being unable to draw
so definite a line of separation as is found in M. D'Orbigny's map :

their mode of occurrence is so well illustrated in Sections Nos. 1 and

2, that a description would be superfluous.

The strata themselves consist of white sandy beds more or less

compact, yellowish impure sandstones and grits, and, as is seen in

Section No. 1, at Hachecache, quartzite-like rocks, showing them-
selves both to the east and west of that place, and easily recognized

in section from their rugged and shattered appearance, due to their

having been too rigid to bend along with the other beds ; interstra-

tified with these are blue, olive-green, or reddish-brown shales, and

beds of blue clay-slates.

Sir Roderick Murchison, some years back, in his ' Siluria,' when
reviewing the Devonian formation of Bolivia as described by M.
D'Orbigny, expressed himself thus :

—" In the absence of sufficient

proof, doubts may be entertained whether these sandstones and
quartz-rocks of the Andes may be of Upper Silurian rather than of

Devonian age;" and my own researches have tended to make me
adopt this opinion : at the same time, however, I think it probable

that there is in Bolivia a true Devonian system at the base of the Car-

boniferous strata, consisting of white, yellow, and brown-red sand-

stones, with intercalated shale-partings, which collectively do not

attain any very great thickness nor occupy any very extensive super-

ficial area*.

* These beds probably are of Upper Devonian age. I have not examined any
part of the country which lies on the eastern slope of the main chain of the

Andes and is coloured by M. D'Orbigny as Devonian. As will be seen from the

comparative sections appended to this memoir (PI. III.), M. Pissis does not en-

tertain the same opinion, but in his section he represents these beds as being

lower in position than the whole of the very thick strata wliich I am now about

to describe as representing the Silurian epoch.
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10. Silurian Formation.—The rocks which T have grouped together

as pertaining to the Silurian epoch show themselves continuously, or

very nearly so, over an extent from north-west to south-east of more
than 700 miles ; and the area occupied by them cannot be estimated

at less than 80,000 to 100,000 square miles. They form the moun-
tain-chain of the high Andes, rising to an absolute height of 25,000
feet above the sea, and, in the part of South America more parti-

cularly the subject of this memoir, continuous through Peru from

the north of Cusco over the snowy ranges of Carabaya and Apollo-

bamba, across the provinces of Munecas, Larecaja, La Paz, Yungas,

Sica-Sica, Inquisivi, Ayopaya, Cochabamba, Cliza, Misque, Chayanta,

Yamparez, Porco, Tomini, and Cinti, throwing off spurs along the

eastern side of the main chain, right through the province of Cau-
polican, down to the River Beni in Mojos, into Yuracores, Valle

grande, Santa Cruz and Chuquisaca, and to the east into the pro-

vinces of Oruro, Potosi, and Chichas*.

Some of the greatest rivers of the world have their sources in this

mountain-chain. The Amazon, with its mighty affluents the Purus,

Madera, Beni, Mamore, Rio Grande, as well as the Pilcomayo and
other branches of the River Plata, are feci by the snows of this great

Silurian region.

In this range also we meet with the loftiest mountains of South

America, second in height only to the Himalayas. Thus we have

Illampu (Sorata) 24,812 feet (25,200, Pentland), Illimani 24,155

(24,200, Pentland), Huayna Potosi 21,883, Coloolo 22,374, and
many others, rivalling these in height, but the elevation of whose
peaks has never as yet been ascertained. These peaks do not, as

M. D'Orbigny's published researches would lead us to suppose, con-

sist of mighty cones or bosses of granite, but are in reality composed

of Silurian strata,—fossiliferous, as I have proved in the case of

Illampu (the highest of them all) up to its very summitf

.

The Silurian series in these regions present a physical configura-

tion, as well as other features, so unmistakeably analogous to those of

their equivalents in Europe, that, notwithstanding the much grander

scale on which they are developed, the geologist cannot but imagine

himself breathing the air of Siluria, even before an examination of

the rocks themselves confirms this suspicion.

The extensive development of clay-slate, shales, and grauwackes,

along with the metallic contents of these rocks, present mineral cha-

* I have visited, of course, but a small portion of this vast territory, but have
availed myself of all procurable data and many specimens of the rocks of these

provinces, principally from mining adventurers and others who have explored

these districts, from whom I have received much information and assistance.

f M. D'Orbigny presents us in section with the lofty Illimani as an immense
cone of granite. When there, I could not find a trace of this rock ; and Mr.
Pentland, who ascended the side of Illimani to a much greater elevation than

I did, assures me that he met with only clay-^slate, and found no trace of granite

or other eruptive rock. Mr. Horner has also directed my attention to the an-

nexed paragraph in Naumann's ; Lehrbuch der Geognosie,' 2nd edit. 1858, vol. i.

p. 97:
— "Die beiden hochsten Gipfel der ostlichen Andeskette von Bolivia,

namlich der Sorata (19,974 F.)und der Illimani (19,834 F.), bestehen aus Grau-
wackenschiefer, und sind keine Vulcane."
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racters very similar to the Lower Silurian series in Europe, particu-

larly as we do not, as far as I have examined, meet with the lime-

stone beds and calcareous shales generally accompanying the Upper
Silurian series. The examination made by Mr. Salter of the fossils

extracted by me from these beds appears, however, to show that we
probably have the whole Silurian series, from lower to upper, fully

represented, notwithstanding the general uniformity in mineral cha-

racter of the beds.

Starting from the north, at Tipuani, we find this auriferous region

principally composed of blue clay-slates, which, from information

communicated to me, I believe to cover a vast area, extending down
to the River Beni. In these strata no fossils have as yet been found*;

but they appear to be quite continuous with the beds which contain

fossils near Sorata, about five miles south of which town I found, at

a small Indian place called CotaSa, on the east side of the river, an

Orihis (apparently 0. Aymara), Strophomena (species undetermined),

Annelid-tubes well defined, and small round bodies of pyrites with

a hole in the centre like the joint of an Encrinite, about one-third

of an inch in diameter, occurring in the blue slate f.

Still further south, on the north-west slope of Illampu, I found in

loose stones, at a place called Cochipata, traces of Cruziana Unduavi
(PL Y. figs. 7, 8), and a little further, at TJcumarini, also on the east

side of the river, Annelid-burrows and the Cruziana Cucurbita (PI. V.

figs. 4-6). The burrows were of varied forms and sizes, and perfect

counterparts of those from Unduavi in Yungas, although this place

is situated some 120 miles distant on the other side of the Andes.

Still further south I fixed my head-quarters in the Hacienda de

Millepaya, and by extensive excursions from that point, and ascents

as far as possible up the steep western slope of Illampu (or Sorata,

as it is generally but erroneously termed %, from the town of that

name situated at its base), I was enabled to form the section of the

strata represented in Section No. 1, and to examine the beds as to

their fossil contents. The results of this examination are given below,

premising that above the shales forming the uppermost beds repre-

* It requires an attentive search in order to discover fossils in a new country.

The small number of Bolivian fossils at present known is not to be ascribed to the

poverty of the rocks, but to the insignificant proportion which the few isolated

spots hitherto examined bear to the vast area of this republic : as far as I have
explored, this country shows evidence of being eminently fossiliferous. I believe,

however, that I have, during my recent and short travels in this country, brought
home more fossils than any explorer before me, notwithstanding that M. D'Orbigny
and M. Pissis (who lived eight years in Bolivia) had much better opportunity
than myself.

f I have to thank Mr. Salter for his great kindness in carefully examining the

fossils of the Silurian, Devonian, and Carboniferous series. The names here given

are those affixed by that gentleman, who has communicated a paper illustrative

of the fossils which I brought home from Bolivia. See p. 62.

\ The mountain itself is called in Bolivia by the original name of Illampu, at

the foot of which, to the north, the town of Sorata is situated ; and the snowy
range above this town being frequently called the " Nevados de Sorata " has led to

the mountain Illampu (the highest peak of this range) being called, more parti-

cularly by English writers, Sorata.
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sented in this section are several beds of a quartzitic sandstone,

which again are followed by the strata coloured as Devonian. The
beds enumerated in the annexed table are numbered from W. to E.,

or in descending order, commencing with the highest :

—

1 . Thick blue clay-shales

2, Brown micaceous slates. Strike N. 5°W.
Dip 50°W

3. Blue, hard, and slightly micaceous beds
4. Less laminated micaceous beds
5. Blue clay-shales

6. Blackish-blue shattered clay-shales ...

7. Thin bed, about 6 inches of slightly

calcareous shales

8. Shattered blue shales of great thickness

9. Thin blue slates at Hacienda de Mille-

paya, much jointed

No fossils found.

Annelid-burrows, some globular

bodies, and a fossil supposed by
{ Mr. Salter to be a Cruziana

;

also a curious Patella or Pile-

[
opsis.

Orthis Aymara.

' No fossils found,

10. Slightly micaceous blue beds

11. Siliceous grauwacke sandstone beds,

about 100 feet thick

12. Thin shales

13. Grauwacke, thin bed, sandy
14. Thin shales

15. Grauwacke
16. Thin shales

17. Grauwacke
18. Thin shales

19. Grauwacke
20. Clay-slate, dirty-blue colour

21. Thin-bedded micaceous clay-slate

22. Bluish slates

23. Thin grauwacke
24. Clay-slate

25. Thick grauwacke-slates

26. Rather hard, greyish-blue, sandy shales

27. Clay-slates

28. Grauwacke-slates

29. Hardened clay-slates

30. Whitish grey, hard grauwacke-slates, or

sandy shales

31. Grauwacke bed
32. Micaceous clay-slates

33. Blue siliceous clay-slate, or more or less

sandy shale; weathering white on the

surface

1 Orthis with fine strirc. Orthis

Aymara, Cruziana Cucurbita, An-
nelid-burrows, and several indi-

stinct bodies.

No fossils found.

I

;

Annelid-burrows,

\ No fossils found.

f Orthis Aymara, Worm-burrows,
[ Ctenodonta (Nucula).

No fossils found.

34. Hard, white, altered clay-slates, cut

through by metallic veins

j- Homalonoius (new species).

No fossil found.

Annelid-burrows.

( Orthis Aymara, Phacops, Proe-

tus, Cucullella, Ctenodonta (Nu-
cttla), Area Urownii, BeUerophon,
Tentaculites Saienzii, Baphisto-

\ma?, Homalonotus Linares, An-
nelids, and several other fossils,

indistinct. This bed seemed to

abound in the above-mentioned
fossils.

No fossils found.
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35. Similar slates ; still more altered

( Tentaculites supremos and a Cup-
|
coral ; also several indistinct fossils,

{ amongst which many bodies about

|
3 to 4 inches long, looking like

^ Orthoceratites.

36. Similar strata, whitish brown or pur-

plish

C
Homalonotus Linares, Tenta-

\ culites supremus, Ctenodonta, and
[ a Cup-coral.

This bed is the lowest in position of the strata here examined
;
and,

being tilted up as shown in Section No. 1, it forms the summit or

knife-like ridge of this mountain which separates the barren alpine

plains of the Puno, on the west, from the verdant tropical regions of

the Yungas, to the eastward. On a clear day the line of bedding of

the last-mentioned strata can easily be followed by the eye, up to the

very highest point of the ridge itself, the steep and highly inclined

sides of which prevent the perpetual snow crowning its top from
showing itself as a continuous envelope, and only allowing it to

lodge itself in the hollows, crevices, and offsets formed by the strata,

which, as it were, prop up its summit.
The section across these beds shows also that the valley of Millepaya

is merely due to erosion, and not to a fault or break in the stratifi-

cation as its peculiar configuration might lead us at first to suspect;

it becomes gradually narrower as it ascends, and loses itself as a

ravine in the western slope of Illampu. The following observations

of strike and dip were taken :—Bed No. 2 : Brown micaceous slates,

N.5°W.,dip 50°W. Bed No.34 : Hard, white, altered slates, N.25°W.,
dip 32° W. Bed No. 35 : Hardened brownish-white clay-slate,

N. 10° E., dip 35° W. Other observations gave the same strike
;

but the dip was found respectively to be 25°, 30°, 38°, 42° W. ; and
still higher up in this bed the observed strike was N. 10° E., and the

dip 40° W.
In these slates abundant furrows and deep grooves were observed,

sometimes very deep, and miming from N. 80° E. to E. & "W. ; also

veins of spathic iron-ore, arsenical pyrites, and auriferous pyrites

;

veins of mispickel or sulpharsenide of iron were found running

N. 50° E. to N. 60° E., and dipping to S.E. at an angle of 75°, cutting

through and altering the strata.

On the sides of this mountain are also found veins of argentiferous

galena, gold-bearing quartz, and metallic bismuth, the latter some-
times in large masses, occasionally faced, or incrusted on the sides,

with metallic gold, sometimes in crystals. Iron-ore is also abundant*.

About ten miles to the south of Millepaya, on the west slope of

Illampu, at Capara, I found, in the loose blocks of soft blue slate there,

Orthis Aymara, a trilobite (probably Homalonotus), a Cup-coral, and
abundant Annelid-burrows, also a Trilobite (possibly a Calymene)

in hard grauwacke.

Still further to the south, at Umapozo, I found Ctenodonta (Nucula),

* I was informed by M. Villamil of a recent discovery of anthracite-beds in

these strata
; but, as yet, I have not received any satisfactory confirmation of the

tame.
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Orthis Aymara, Orthis (PI. IV. fig. 15), and Cucullella, all in sandy

shale, and in a soft blue clay-slate, apparently the equivalent of the

uppermost beds of the Millepaya section, the Beyrichia Forbesii, asso-

ciated with an abundant small species of Tentaculites, which appeal's

to me to be quite different from the Tentaculites swpremus and T.

Saienzii of the lower beds, both of which attain a length of occasion-

ally more than 2 inches, whereas this small species never appeared

to exceed one quarter of an inch.

Between this last-mentioned place and La Paz, I have not exa-

mined the beds for fossils, and only accidentally met with some An-
nelid-tubes in blue slate, about thirty miles north of that city : the

position of these is uncertain.

Prom La Paz, to the eastward, as far as a short way below Unduavi,

in the Yungas, I was enabled to make the section across the Silu-

rian strata between these places, as shown in Section ~No 2. This

appears to cut through the whole of this formation, from the upper

beds, which before were met with at Millepaya, down to the Lower
Silurian slates with Bilobites, a thickness of probably about 15,000
feet.

Starting to the eastward from La Paz, and crossing the great

diluvial formation, with its imbedded stratum of trachytic tuff, which
in tbe section is seen to be disturbed and dislocated by several faults,

we come upon the first appearance of solid rock some miles to the east

of Chuquiaguillo, and find it to consist of crumbly and much wea-
thered clay-slate, apparently of considerable thickness, and resting

upon greyish impure sandstone, which at the river of Taxani is

succeeded by an alternating series of shales, slates, and grauwackes
or arenaceous beds, the lowest of these being a blue clay-slate of

considerable thickness*, in which an anticlinal is seen, bringing the

former beds again into sight. I noticed before coming to La Lancha
the occurrence of frequent frictional striae and grooves or furrows,

the bearings of several of which I found to vary from rT.N.W. to

K. and S., and to N.jST.E. At La Lancha these slates again form
an anticlinal, which from the precipitous sides of this immense ravine

could be accurately delineated ; further up, the clay-slates are very

much contorted in the line of bedding ; but towards the summit
they become nearly horizontal, or rather slightly basin-shaped ; and
in descending, we have the dip always to the eastward until we come
very close to Unduavi. To the west of the summit I did not find any
fossils ; but shortly after commencing the descent, the sandy shales

were full of Annelid-tracks, in such abundance that rarely was a slab

found that was not more or less covered with these burrows and
markings. At the Mina Emma, a vein of argentiferous galena,

running from 20° to 35° E. of N., and with varied but nearly vertical

dip, is being worked ; and there I noticed abundant elongated round
bodies in the slate, which from their configuration, and from having

invariably a hollow tube in the centre, appeared like Orthoceratites

:

they were composed chiefly of carbonate of iron.

* On the top of these highly inclined strata is seen a small patch of diluvial

conglomerate, apparently a remnant of the formation further to the west.
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The rocks from this mine to Pongo, and from that place down to

Unduavi, consist entirely of more or less arenaceous shales, thin-

bedded and containing frequently indistinct traces of fossil forms.

As seen in the section, these slates are dislocated by three faults, which
faults are filled with metallic matter, and form the veins on which are

worked the mines " Delphina," " Mercedes" (60° N.E. strike, 85° E.

dip), and " Pilar," producing argentiferous galena more or less an-

timonial, for the supply of the furnaces at San Felipe.

In M. D'Orbigny's map, the greater part of these slates are

coloured as granite
;
and, according to him, Pongo is situated in the

midst of the granite, which in his map here forms a broad band,

constituting the centre of this range of the Andes. As seen in the

section, no trace of granite visible to me occurs here
;
and, in fact, no

granite whatever is crossed in the direct line of section from La Paz
to as far east of Unduavi as I examined. The small outburst of

granite seen at Silla Tuneari does not occur in this line ; and I have
purposely deviated the section from the direct line in order to show
it. Granite is also met with in the Nevado of Chucura, at Yoja, and
at Takesi (to the south of this section) ; but it does not form the

continuous band seen on M. D'Orbigny's map, which appears in

this, as in many other instances, to have been coloured from
imagination*.

The granite of this chain of the Andes shows itself at various

localities, apparently isolated one from anotherf, and appears to be

of the same age as the auriferous granites of the rest of the world,

with which it is identical in mineralogical and chemical composition,

being composed of white orthoclase, colourless quartz, and black or

white mica, and containing frequently spots of iron-pyrites, which
sometimes, as at Silla Tuneari, stains the granite of a brown colour

from oxidation. The gold in this is found in the quartz, or along

with the pyrites ; and it would occasionally, at least, appear that

this rock is more auriferous in proportion as it contains more pyrites.

As the whole of this Silurian formation is eminently auriferous, and

contains everywhere frequent veins of auriferous quartz, usually

associated also with iron-pyrites, a study of the occurrence of these

gold-veins leads me to attribute all such veins to the proximity of

granite, and to regard the veins of quartz, iron-pyrites, &c. as having

been directly injected from the mass of granite itself. We know
that, during the cooling and solidification of granite, the quartz

* In the map which accompanies this memoir (PI. I.) the granite is not

separately coloured, on account of its forming here a subordinate part of the

Silurian district. It being difficult to get details into so small a scale, the Devo-

nian and Silurian, along with the granite rocks which disturb tbem, are coloured

with one tint. I must also confess that, without more data, it would be im-

possible to do otherwise without falling into errors similar to those of M.
D'Orbigny.

t I must observe that I am not alluding to the great granitic range which

occurs, according to M. Pissis, still further to the east, near Coroico. I, unfor-

tunately, was unable to pursue my section further, from the rainy season having

rendered the rivers impassable: an attempt to ford the river below Unduavi
having residted in the loss of two animals with all the baggage, made it more
prudent to retrace my steps, however unwillingly, to La Paz.
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present in some is the last mineral element to crystallize and become

solid ; it seems probable that, during this cooling, the consequent

expansion due to the crystallization of the constituents has forced

those components (quartz, along with iron-pyrites, gold, &c, which

latter, from their very low fusibility, would remain longest of all in

a fluid state), still fluid, into the fissures of the neighbouring rocks,

and so formed such auriferous quartz-veins, which observation shows

are only developed in the slate-rocks at no very great distance from

granitic eruptions, either visible or such as, though hidden, may
reasonably be inferred to exist. This granite is the same which

is everywhere met with in the diluvium of the eastern plateau, as

large blocks, frequently used as a building-material where solidity is

required*.

Although we do not meet with any actual granite on the direct

line of section without diverging (as I have done in order to show the

granitic outburst of the Silla Tuncari), we find, a little to the west of

Unduavi, these beds broken through by a fault, probably due to this

eruption. The granite has also caused an anticlinal in the strata,

which hitherto, from the summit of the pass, had constantly dipped

to the east, but now become inclined to the westward, and continue

so to San Felipe, near which place, however, after presenting some
contortions in their bedding, they again resume their western dip,

having at the Angostura, below San Felipe, a strike of about N. 30°

E., with 50° westwardly dip.

At San Felipe the hard sandy shales, of a blue colour and slightly

micaceous, contained frequent Annerid-tracks and -burrows, and a

great number of small nail-shaped bodies like the spines of an Echinus,

also others horn-shaped, with concentric rings, both of which Mr.
Salter attributes to Annelids. Along with these were frequent spe-

cimens of the Cruziana Unduavi (PLY .fig. 7) ; and I also noticed several

specimens of the Boliviano, bipennis (fig. 11). Traces of other fossils

were everywhere frequent, but too indistinct to permit determination.

About half a mile further down the valley, Annelid-tracks were
found in abundance in the hard blue siliceous slate, as well as im-
prints of Cruziana. About one mile further down, the thin-bedded

sandy and highly-indurated rocks were literally covered in all

directions with Annelid-tracks and -burrows, the same nail-headed

bodies previously described, and a variety of other and peculiar

markings. I also found some indistinct specimens of Boliviano Melo-
cactus and Cruziana Cucurbita, and several better ones of Cruziana
Unduavi, which last were found a little lower down the valley.

Eipple-marks are everywhere visible in these beds.

In another valley, called the " Quebrada de Aceromarka," situated

a little to the south of Unduavi, in similar beds, specimens of the

shapeless Cruziana Cucurbita were found in abundance, in company
with the Boliviano Melocactus, and a single specimen of the Boliviano

* The corinthian columns of the new cathedral at La Paz are hewn out of
this granite, and are most creditable to the architect, especially when it is con-
sidered that the cutting of this hard material has been entirely executed by the

Aymara Indians of the district.
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probosciclea* , with numbers of other still more indistinct fossil im-
pressions.

I have not a doubt that these beds, on careful search, would yield

a rich harvest to the palaeontologist ; but I had not time to devote

to more thau a very rapid survey of the country f.

The thickness of the Silurian strata seen in this section cannot be

less than 10,000 feet : opposite San Felipe a good section is seen on
the nearly perpendicular face of the mountain called " Perolani,"

which, by measurement, is 6000 feet above the valley
;
and, as the

strata in the centre of this mountain are nearly horizontal, the thick-

ness of strata in that place cannot differ much from the total height of

the mountain above the level of the valley ; and it is not too much to

add 4000 feet for the strata visible both above and below these beds.

The Silurian strata have been disturbed by the following igneous

outbreaks, in succession. Commencing with the most ancient,

—

1. Intrusion of the auriferous granite, along with its associated

auriferous, and probably other metallic, veins : in parts it

has metamorphosed very considerable areas of the Silurian

beds.

2. The porphyritic eruptions "of Hillabaya, Potosi, Oruro, &c.

3. Protrusion of the metalliferous diorites.

4. Still later trappean dykes, which, I am informed, occur at

several localities ; but I have not personally come across

them in Bolivia.

5. Volcanic eruptions near the Lake of Titicaca, &c, breaking

out at the borders of this formation, but which, as far as

I am aware, do not anywhere disturb the main chain of

the Silurian Andes of Bolivia. On inquiry, I found that

this district was exempt from the earthquakes which are so

prevalent and destructive both in this and the adjacent

Republics.

The metallic veins J which occur in these Silurian strata contain

the following minerals :

—

Metallic Gold. Fluor-spar.

* I have to thank Mr. Kroeber, the Director of the San Felipe Mining and
Smelting Company, for his hospitality, and the assistance afforded me in my
search for fossils in this region.

t Mr. Kroeber informs me of some anthracite-deposits, more hke fissures filled

up than true beds, and, according to his description, like some in Shropshire.

This, however, requires confirmation.

\ I refer here to such veins as are not (so far as can be determined by super-

ficial examination) in connexion with the eruption of the metalliferous diorites

previously described as of Post-oolitic age.

Tin-enamel.

Chloride of Silver.

„ of Lead.

Oxide of Iron (magnetic).

of Tin.

Silver.

Bismuth.
Antimony.

Blende.

Gralena.

Magnetic-pyrites.

Selenide of Lead.

„ of Cobalt and Lead ?

Sulphuret of Antimony.

„ of Molybdenum.
„ of Silver (Silver-glance).
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Iron-pyrites.

Copper-pyrites.

Tin-pyrites

Sulphuret of Copper and Bismuth?
Jamesonite.

Plagionite.

Zinkenite.

Lonchidite.

Mispickel.

Fahlerz.

Silver-fahlerz.

Zinc-fahlerz.

Wolfram.
Calc-spar.

Carbonate of Iron.

Sulphate of Lead.

Phosphate of Lead.
Arseniophosphate of Lead.

of Lead.

„ (niekeliferous).

Danaite.

The above enumeration is doubtless far from complete ; but it is

quite sufficient to show at a glance bow strikingly the mineralogy of

these older strata differs in its general features from that of the more
recent rocks before described.

I may here notice some rocks which occur on the immediate line

of the Bolivian coast, and which, for the present at least, I class along

with the other metamorphic Silurian strata of this part of the world,

not from being able to prove with certainty that they are of Silurian

age, but because, from their position and their relations to the

newer formations in contact with them, they appear to be only a

continuation of the beds which in Chile form the Silurian series of

the coast.

They are so very much altered by the effects of the eruptions of

granite, porphyry, and diorite, which here break them up, that even

their sedimentary nature can hardly be recognized except at some
few localities.

To the south, in the Desert of Ataeama, they appear as gneissic or

metamorphic schistose rocks, broken through in all directions by
granitic outbursts, the granite itself being precisely identical in

external appearance and mineralogical composition with the pre-

viously described auriferous granite of Silurian age in the Eastern

Andes. It is composed at Mexillones, for example, of white ortho-

clase, colourless quartz, and dark mica. Further southward the

sands arising from the disintegration of this granite have been proved

to be auriferous.

At Cobija, the black rock which forms the rugged low cliffs and
detached rocks in the sea and along the shore appears also to belong

to this series, although in appearance it frequently resembles a com-
pact trappean rock or a black porphyry. On closer examination, I

am disposed to consider it as a clay-slate or other argillaceous or

calcareo-argillaceous rock, fused in situ by the action of the masses

of porphyry or diorite resting immediately upon it, or of the granite

which has upheaved and broken it up, and which, although not

itself visible at the Port of Cobija, is seen a little further to the

south. This rock varies in colour from a bluish-grey to grey or

bluish-black, and, like all altered rocks of this class, contains

green epidote frequently disseminated in it, or forming imbedded
geodes : geodes of quartz or calcedony also occur ; and when the

rock appears to have been completely fused I have noticed some dark-
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grey felspar-like mineral in it ; in texture it then much resem-

bles a basaltic or trappean rock. It is extremely hard and tough,

and is cracked, fissured, and jointed in all directions. Occasionally

one set of joints presents pretty regular and parallel lines of fracture.

Many small strings of copper-ores (sulphurets, carbonates, and oxy-

chlorides) are seen cutting through them, with various bearings, from
N.E. to E. and W., dipping at very high angles.

Conclusion.—In conclusion, I must direct attention to the three

comparative sections of the country from Arica on the Pacific to the

Yungas on the eastern side of the High Andes of Bolivia (Plate III.).

Although this plate is, of course, to be regarded only as a diagram, it

represents correctly a summary of the conclusions at which M. D'Or-
bigny*, M. Pissisf, and myself have arrived in traversing the same
line of country.

On examination, it will be observed that great and unaccountable

differences are here depicted ; and it must be left to the reader to

judge, from the perusal of the different memoirs of the three authors,

how far each of them may be sound in his views.

This plate does not require any further explanation than the

remarks which have been occasionally made under the heads of the

different formations ; but it is particularly important as showing at a

glance these several discrepancies, and in its bearings on the general

tenor of the results here brought forward. Subsequently it will be

required for reference in the second and third parts of the memoir of

which this communication is the first part, and which will treat of

the Geology of Chile and the Argentine Provinces ; it will then be

found most essential in explaining and reconciling the various state-

ments which have been made in reference to the geology of these

countries.

2. On the Fossils, from the High Aioes, collected by David Forbes,

Esq., F.R.S., F.G.S. By J. W. Salter, Esq., F.G.S.

[Plates IV. & V.]

I have examined this unique series with some care ; and with a col-

lection of above 200 specimens there should be no unusual difficulty

in assigning the true geological date. The specimens are generally

perfect enough to show the generic characters, though in very few
cases is their preservation complete ; and it is thought better at pre-

sent (especially as Mr. Forbes intends returning over this difficult

ground) to figure all the chief forms, and give specific characters

only to the more prominent fossils. All the specimens from the

slate-rocks are distinct from those previously published.

* Voyage dans l'Amerique Meridionale, tome iii., Partie Geologic Par M.
Alcide d'Orbigny. Paris, 1842.

t " Reeherches siir les Systeines de Soulevement de l'Amerique du Sud." Par

M. Pissis. Annales des Mines, 5me ser. tome ix. 1856.
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Of the Carboniferous forms little need be said. They are the same

as those described long ago in D'Orbigny's large work ; and similar

specimens were brought home by Mr. J. dimming during his ex-

plorations for recent shells in Bolivia. The resemblance to British

fossils of this epoch is most striking, and some of the species are

identical.

The Devonian gives us very scanty traces, yet scarcely doubtful.

Occurring, as it does, between the Carboniferous basin and the slate-

rocks, it falls naturally into the place indicated by the few fossils

known to us. Mr. Pentland brought home from Aygatchi, in Bolivia,

a Trilobite from this formation.

The age of the slate-rocks, however, was for a long time doubt-

ful ; and the aspect of Mr. Forbes's collection is so unlike that of

any British or American type, that, while their discoverer was
strongly urging their Silurian age, my own prejudice gave them
a Lower Devonian character. The large Homalonoti (the only con-

spicuous Trilobites) are, on the whole, more like Devonian forms

than Silurian ; and the shells are of just such types as might be

referred to either of these systems. The Tentaculites would bear the

same interpretation ; but a small Beyrichia, very rare, occurs just at

the top of the whole series, and this particular form of the genus is

not known in Europe to trespass beyond the Uppermost Silurian

limit, or the basement-beds of the Devonian at furthest. Again,

the Bilobites (whatever these obscure fossils may be) are all of

Silurian age, and they are numerous in Mr. Forbes's collection.

They have generally been regarded as Lower Silurian forms, and

are, indeed, far more plentiful below the Caradoc rocks than else-

where. But too much stress must not be laid on this ; for one cha-

racteristic species occurs in the Llandovery or Clinton group of New
York

;
moreover, all the specimens from the Andes, whether the

large ones described by D'Orbigny, or the smaller ones now brought

home, are of species distinct from those known in other districts.

I do not believe them to be plants, but have no definite idea of their

true structure, further than that they were tough hollow crusts, not

soft solid masses as sea-weeds generally are.

One other remark before proceeding to notice the separate species.

Wherever we meet with new areas of Silurian rocks, we find we have
in them new Natural-history provinces of these old seas : it is so in

India, according to Colonel Strachey's researches ; and it is so in Au-
stralia : no species from either region is, I believe, identical with those

of Europe. The same cannot be said of the Devonian fossils, which
ranged very widely during the later part of that epoch ; and the

Carboniferous types are almost cosmopolitan, many of the same
fossils ranging from the North Pole to Australia, and from North
America and the Andes to Nepaul. It is, I think, chiefly due to

this circumstance that we have been accustomed to regard the

Palaeozoic types as having an almost universal diffusion. This is

nearly true as regards the genera, but, except in the remarkable

case of the Mountain-limestone fossils, without much evidence in

the case of species.
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CARBONIFEROUS.

From the small basin of these rocks at the Isthmus of Copacabana,

in the Lake of Titicaca, the following species were obtained :

—

Productus semireticulatus, Martin. (P. Inca, D'Orb.) PI. IV. fig. 1.

Longispina, Sow. (P. Capacii, D'Orb.) PI. IV. fig. 2.

Spirifer Condor, D'Orb. {Sp. Jtriatus, Sow. ?)

Boliviensis, D'Orb.

Orihis resupinata, Sow. ?

Andii, D'Orb. (from a Santa Cruz specimen). PI. IV. fig. 3.

Aihyris subtilita, Hall. (Ter. Peruviana, D'Orb.) PI. IV. fig. 4.

Bhynchonella (a species with three raised ribs, very like some va-

rieties of B. Pleurodon ; also from a good Santa Cruz specimen).

PI. IV. fig. 5.

Euomphalus, with separated whorls (possibly a Phanerotinus).

BelleropJion, sp. ; a close ally of B. TJrii, Flem. PI. IV. fig. 6.

Corals, also, and Crinoids, all imperfect. D'Orbigny describes a

Favosites and a Cup-coral, a Fenestella, &c. ; and Col. Lloyd's col-

lection from Arqne, as well as Mr. Cumming's from Santa Cruz, both

include such specimens. I see no essential difference between the

Productus semireticulatus, so common in Britain, and the so-called

P. Inca of D'Orbigny ; and I think it would puzzle any one to draw
a clear distinction between his P. Capacii and our own familiar

P. Longispina, found everywhere in the Carboniferous Limestone.

The Spirifer Condor has certainly rougher ribs than the ordinary

varieties of Spirifer striatus, and may be distinct. We figure (PI. IV.

fig. 3) one remarkable form, said to be from Santa Cruz, but, at all

events, from the Carboniferous Limestone of the Andes, of which less

perfect specimens occur in Mr. Forbes's collection. It is a beau-

tiful species of the Orthis resupinata group, and has received the

absurd name of 0. Andii from D'Orbigny.

Our figure of the Bhynchonella (PI. IV. fig. 5) is also from this

collection, which was sent home by Col. Lloyd many years back.

DEVONIAN*.

Orthis, sp. PI. IV. fig. 7.

Lnternal casts only. It belongs to the group of Orthis resupinata

and 0. Michelini, and thus may be either Carboniferous or Devonian.

Locality. Oruro. Sent from thence by Col. Lloyd. (Mus. Prac-

tical Geology.)

* Of the seven species considered Devonian by D'Orbigny, only' four appear

to be certainly supra-Silurian ; and these four may (from their type) be either

Devonian or Carboniferous. They are

—

Bhynchonella Peruviana, Spirifer Boli-

viensis, S. Quichua, and Orthis Inca. Spirifer Quichua is from Chuquisaca, the

other three from Cochabamba.
The Orthis pectinata, on which D'Orbigny lays stress, seems to me to be very

unsatisfactory. It is only the cast of a single valve, without hinge or teeth, of a

shell destitute of any marked characteristics. I should not like to speculate as

to its age ; but M. D'Orbigny may have seen Devonian species like it.
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Phacops latifrons, Bronn. (P. Bufo, Green.) PI. IV. fig. 8.

In all essential particulars this agrees with the common Devonian

species known in Europe under the name P. latifrons, and in America

by Dr. Green's appellation P. Bufo. Comparing it with either

Spanish or American specimens, I see no difference, except a some-

what flatter axis, and perhaps one rib fewer in the tail-piece. The
group of Phacops to which it belongs sometimes occurs in Upper
Silurian strata ; but this species is nevertheless a most characteristic

Devonian form, and has an immense geographical range.

Locality. Near Oruro. In a rolled pebble.

Mr. Pentland found near the town of Aygatchi, Bolivia, another

Phacops, which, from its type, belongs most certainly to Devonian
rocks. It is one of the group Cryphceus, distinguished by having

the border of the tail spinose
;
moreover, it is not far removed in

affinity from the characteristic Phacops Gaffer and P. Africanus of

the Cape of Good Hope. P. (Oalymene) Verneuilii of D'Orbigny
appears to belong to the same section, and is probably of the same
age.

Phacops (Cryph^us) Pentlastdii, n. sp. PL IV. fig. 9.

Bather more than 2 inches long, and 11 inch broad, convex,

long-ovate, with a subtriangular head ; the tail pointed, ribbed

throughout, and with a tubercular or subspinose border.

Head | inch long, blunt-trigonal ; the glabella broad, inflated in

front, the forehead-lobe rhomboidal and blunt-pointed, but not over-

hanging; the facial suture supra-marginal. The margin itself is

thiu in front, thickened only round the sunken cheeks, and is cut near

its (spinose ?) posterior angle by the facial suture. Eye prominent, of

many moderate-sized lenses, set far forward, but not close to the

glabella.

Body-rings (much broken) with the axis very prominent, and with
four spines on each ring, besides one within the fulcrum on the

pleura, and one (or two ?) outside it
;

pleural groove deep, broad

;

ends of pleurae truncate.

Tail-piece triangular, 6 lines in length, wider than long, with a

very convex axis reaching the tip, and marked by six or seven strong

riugs, the rest indistinct. The sides are about the same width as

the axis, with six strong curved ribs (the upper ones duplicate), not

furrowing the narrow border, but faintly continued on it into mar-
ginal tubercles. Both the lateral ribs and the axis have tubercles

on them. The terminal spine, if one existed, is broken off.

There axe several Bohemian species of Phacops which resemble

this in the tubercular ornaments of the body ; but none that I know
have a tuberculato- spinose border to the tail; and this character,

combined with the inflated forehead-lobe, will certainly restrict the

fossil to either Upper Silurian or Devonian : it cannot be Carboni-

ferous.

Locality. Aygatchi (Mr. Pentland, 1827). It comes, according to

that gentleman, from beds of the Carboniferous series ; it would ap-

VOL. XVII. PAET I. F
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pear from Mr. Forbes's statements, that it could only be from the

sandstones at their very base ; and I must claim these as Upper
Devonian.

Favosites (?), sp. PI. IV. fig. 10.

I find no pores in any of the tubes (but only some tubercles), and

very few traces of tabulas. Possibly it is not of this genus.

Locality. Given to Mr. Porbes (by Mr. Bogen, of Tacna) as having

been found near Oruro.

UPPER SILURIAN.

All the thick beds of sandstone, intercalated with many layers of

sandy shale, appear to lie in the upper part, or middle part at least, of

Mr. Forbes's Silurian section ; and in these the chief part of his fossils

were found. The lower beds (chiefly shale and thin sandstones)

contain the Bilobites (or Cruziana) and very little else
; and, seeing

that his sections gave a measured thickness of at least 15,000 feet

(all of which, as he judges by the mineral aspect, belongs to one and
the same series), there is much reason for supposing the lower part

to be of Lower Silurian date. This is borne out by the presence of

the Bilobites, which, as above noted, is chiefly a Lower Silurian type.

D'Orbigny has figured a Graptolite, with one row of cells, from
South America ; and this alone would prove the presence of Silurian

rocks, upper or lower. It is from Tacopaya, Santa Cruz.

Homalonotes Linares, n. sp. PI. V. figs. 1 & 2.

Body (?) faintly trilobed (fig. 1 «) ;
pygidium (fig. 1 b) li inch long,

and about as broad, triangular, regularly convex, with the sides not
abruptly bent down. The axis is but faintly marked, quite as broad
as the sides, and scored by about sixteen rings ; the sides show
nearly as many furrows, none of which reach the margin. The apex
is pointed, the tail gradually tapering to it, not abruptly acuminate.

The sides (apparently from fig. 16) are bent inwards beneath; and
the apex also shows some indications of a broadish triangular space.

The whole surface appears smooth.

The species is not unlike H. deVphmoc&phaMs
}
Murch., but has

many more ribs, and a longer axis.

Locality. Prom the highest point reached by its discoverer: he
found it on the all but inaccessible face of Mount Illampu, at the

height of 20,000 feet. Named in honour of his Excellency the

President of Bolivia.

HoMALOXOTES, sp. PI. V. fig. 3.

Not perfect enough to describe. It has a blunt rounded shape,

like that of H. obtusus, Sandberger, and several other German and
Prench species from Devonian rocks. The axis is more strongly

ribbed than the sides, and the surface is roughly granular.

Locality. From the same mountain as above, at a somewhat lower

level (about 15,000 feet).
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Peoetus, sp. (a fragment). Such fragments are common both in

Upper Silurian and Devonian rocks.

Locality. Same mountain (16,000 feet).

[Beytiichia Eorbesii, Jones, n. sp. PI, IV. fig. 13 a, b, c, nat. size

and magnified.

Carapace-valves oblong-ovate
;
straight on the dorsal and obliquely

curved on the ventral edge
;
obtusely tapering at one end, obliquely

truncate at the other ; bordered below and at the ends with a slight

rim : surface raised into four, equidistant, unequal, transverse,

rounded ridges ; the one next to the narrow end of the valve lowest

and shortest, the next one highest and longest of all.

This is nearly allied to Beyrichia Bussacensis from the Lower
Silurian rocks of Portugal (Quart. Journ. Geol. Soc. vol. ix. pp. 141,

160, pi. 7. figs. 5 & 6) ; but it is narrower, and its ridges are

differently proportioned. It also approaches in form to the figure of

a Beyrichia that has been published, (without description) by Prof

E. Emmons among some Silurian Eossils of North America in his

< Manual of Geology,' 2nd edit. 1860, p. 100, fig. 90.

This little fossil is seen in some numbers (together with Tentacu-

lites) on a small piece of dark-grey calcareous schist from the

western slope of Ulampu in the Bolivian Andes. It is dedicated to

its adventurous discoverer, Mr. David Eorbes.—T. It. J.]

Tentaculites sueremtts, n. sp. PI. IV. fig. 11.

Nearly an inch long, diameter 2 lines/ cylindrical, slowly tapering

until near the apex ; marked at intervals of about a line by cord-like

ridges, strongly projecting, and often in pairs. Between these are

close concentric annuli, or fine ridges, about thirteen in the space of

a line.

The strong double ridges which ornament this species occur chiefly

on specimens which have the rings more distant than others. They
remind one much of the Tentaculites in the Wenlock strata of the

Isle of Gothland. I believe this species to be a new one ; it is a
good deal like T. ornatus, Sow.

Locality. On the snowy ridge of Illampu, in company with Ho-
mahnotus Linares. A Ctenodonta and a Cup-coral are found with
them.

Tentaculites Salenzii, n. sp. PI. IV. fig. 12.

Tapering more rapidly than the last, and marked by numerous
equidistant rounded rings [with no intermediate annuli?]. The
want of annular striae may be only a comparative character ; but the

regularity of the somewhat oblique rings seems to be specific.

Locality. It occurs in the grey shaly beds between the grits of

Illampu, and is dedicated (by Mr. Eorbes's request) to Senor Saienz,

whose kind and efficient help was of great service to him in his

explorations.

Smaller Tentaculites (fig. 13 a) occur in some of the slabs with the

e2
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BeyricJda above noticed ; but they are probably the young of one of

the foregoing species.

In Europe the strata in which Tentaculites are conspicuous are

—

Caradoc Sandstone, Llandovery rock, and Lower Devonian. In North
America (New York) they appear to be more specially confined to

the Devonian strata. They are known all over the world hi Palseo-

zoic rocks.

Burrows and Casts of Marine Worms.

Such impressions as these attract the attention of every close

observer. The peculiar habits of marine worms, introducing, as

they do, the sabulous matter from one stratum into the more clayey

beds of another, have a special tendency to render the rock compact

and tough-bedded. Mr. Forbes found the worm-markings of all sizes,

both in the upper and lower beds of the Silurian rocks, and either

as double burrows, single vermicular casts, or in groups, just as we
find them in our own Ludlow, Devonian, and Carboniferous strata.

Orthis Ayjuara, n. sp. PI. IV. fig. 14.

Variety (?) of Atrypa palmata, Morris and Sharpe, Quart. Journ.

Geol. Soc. vol. ii. pi. 10. fig. 3: Orthis palmata, Sharpe, Trans.

Geol. Soc. 2 ser. vol. vii. p. 207.

Circular, or only slightly transverse, strongly ribbed, with a very

short, almost obsolete hinge-line ; ventral valve convex, gibbous

near the beak, with a depressed central rib near the margin
;
upper

or dorsal valve flat, with two slightly raised ribs in the middle
;

ribs about 14, acute, no intermediate ones. Diameter about half

an inch.

The above may stand as the obvious characters of this abundant

species. As distinguished from the common southern form above

quoted, the size is less, and the ribs not quite so prominent ; but the

chief difference is in the interior, which shows (in 0. palmata) very

strong dorsal teeth, and the ventral hinge-plates thick and short.

Ours has but thin plates, and moderate-sized teeth.

I hardly see sufficient reason for considering 0. Aymara a distinct

form. It is very similar to the common African species above

quoted, which also occurs at the Falkland Islands. The same fossil

appears also to be frequent in the Lower Devonian rocks of Gaspe,

Canada. But these localities being all Devonian, one is scarcely

justified in uniting with these the Silurian shell from the Andes, if

there be any structural differences. Orthis palmata is evidently a

common shell ; and such species have, as Edw. Forbes first showed,

a wide range in time as well as geographically : Atrypa reticularis

is a case in point, ranging, as it does, from the Middle Silurian to

the Upper Devonian, and as a frequent shell throughout. The
0. Aymara may, very probably, when we have more specimens,

turn out to be the Silurian variety of a shell which attained a fuller

development in Devonian times as 0. palmata.

Localities. Valley of Millepaya, and other localities on the western

side of the Andes.
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[The Aymara Indians are supposed to have been the original

inhabitants of these mountains. They still linger there, having
never been completely conquered, and never having amalgamated
with the Quichua or Inca race.—P. P.]

Orthis, sp. PI. IV. figs. 15 & 16.

A small Orthis, which may be equally compared with varieties

of the 0. elegavtula, Palm., or with the Pevonian forms, 0. opercu-

laris, &c, from the Pifel. The striae seem to be pretty regularly

interlined with smaller ones. In the absence of more perfect spe-

cimens, I do not give it a name. It is certainly not a young spe-

cimen of the 0. Humboldtii of P'Orbigny.

Locality. Valley of Millepaya, and further south on the western
slope of Illampu.

Strophomejta, sp.

A mere fragment or two of a small thin-shelled species, with fine

radiating striae.

Locality. Cotana, about five miles south of the town of Sorata.

Ctjctjllella, sp. PI. IV. fig. 17.

The transverse, oval and convex form of this shell reminds us of

0. ovata, Sow., rather than C. antiqua of the same author. Both
are Ludlow Eock species : but there are Lower Pevonian forms very

like them both in Britain and South Africa. The muscular plate ex-

tends, vertically, two-thirds across the shell.

Locality. West face of Illampu.

Cte^odonta (JSTucttla), sp. PI. IV. fig. 18.

This is figured, because it is rather common. Such transverse

forms, concentrically striate, and a little antiquated in the lines of

growth, are known in all Palseozoic formations.

Locality. Valley of Millepaya ; also further south, on the western
slope of Illampu.

Arca ? Brownii, sp. PI. IV. figs. 19 & 20.

Broad-oval, more than 2| inches wide, and 1-| deep ; the beak
at the anterior fourth not very prominent, the hinge-line tolerably

straight, not curved down. The posterior side is nearly as broad as

the depth of the shell beneath the beak, slightly angulated along

the posterior slope, and rounded at the posterior angle. The an-

terior side is somewhat produced, and straight along its hinge-

margin. Surface marked by rather distant lines of growth, and
covered all over the central parts of the disk by fine radiating stria?,

sharply impressed, very unequal in size and depth, wavy in their

course to the margin, and interlined by lesser ones. They are

altogether absent on the anterior and posterior fourth. On our

large specimen this effacement of the striae is gradual ; but in some
others it is sudden, and the central striated area in these specimens

is sunk below the general surface. These may be of a distinct species.
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Pig. 20 represents a young specimen. The outline is much more
rounded, however, if that be not due to pressure ; and the duplicated

striae cover all the surface.

Locality. West slope of Illampu. [Fielclmarshal Brown, a well-

known general of the War of Independence, and after whom this

shell is named, showed much interest in these researches, and was of

great assistance to the author of the foregoing memoir.—D. F.]

Bellerophon, sp.

About 1 inch wide, having a large body-whorl, a small spire, and
the whorls not at all involute ; umbilicus quite open, and the

whorls sloping towards it. Striae of growth arched backwards to

the carinate margin, which, however, is obtuse, not sharp-edged.

Locality. Common enough in some hand-specimens from the west
side of Illampu.

Patella or Pileopsis ?

An extraordinary specimen of a subovate clypeiform shell, an inch

and. a half in its largest diameter, and rather more than an inch

wide, has an excentrie blunt umbo, and a rather wavy margin. The
surface is covered with close concentric ridges, which show equally

well on the external and internal cast. The general appearance is

that of an oblique Patella, or rather one of the Calyptrceiclce. But it

is too imperfect to decide upon. Patelliform shells are known in the

Silurian, but they are very rare.

Locality. West side of the Valley of Millepaya.

LOWEE ? SILURIAN.

Cbttziana, D'Orbigny.

It seems hardly worth while to separate these obscure fossils into

several genera while we know so little of them; but certainly

they cannot all belong to one group. The distinctly grooved and
bilobed form, which induced M. Cordier to apply the name Bilobites

to them, is characteristic of the species described by D'Orbigny,

and of some others found in N. America. The more elongate strap-

shaped species found in Europe have already received names from

M. Rouault in his memoirs on the Silurian Rocks of France. And
the species here figured belong to such various plans of form that,

if we only knew a little of the nature of the bodies in question, we
should be bound to give them separate names; at present I only

propose one for the sagittate forms

—

Boliviana. Mr. Forbes did

not meet with either of D'Orbigny's species, which, from that au-

thor's description, came from Lower Silurian beds*. Those here

described are also the lowest fossils in the section.

* " C'est le premier corps organist qui se montre au-dessus des phyllades

schistoides, dans les phyllades inicaces brunatres."—Voyage, &c. vol. iii. part 4
(Paleontologie), p. 31. Mr. Forbes thinks, however, that there is no evidence of

then' being so low in the series.
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Cruziana Cucurbita, n. sp. PI. V. figs. 4, 5, & 6.

Three inches long, elongate, clavate, curved into a shape more or

less sigmoid, subcyhndrical in section, compressed ; rounded at the

anterior end, tapering posteriorly ;
smooth, except a few irregular

wrinkles, but with a raised longitudinal rib throughout (down each

side ?).

I am not sure whether the raised rib which runs from end to end

of these shapeless masses is an external marking, or arises from an

internal hard cylinder. Fig. 6 shows some irregular transverse

wrinkles ;
but, except these, there is no marking whatever to distin-

guish this form, which may be recognized by its blunt clavate shape,

like many of the gourd-fruits, whence the name.

Locality. Very plentiful on the surfaces of grey schist. Valleys

of Unduavi and Aceromarka.

Cruziana Unduavi, n. sp. PL V. figs. 7 & 8.

Three or four inches long, subcylindrical, but often flexuous,

slowly tapering. Surface marked with numerous (9 or 10) longi-

tudinal ribs, which run for short distances only, and alternate,

leaving some parts smooth. The general direction of the ribs is

longitudinal, but wavy.

Localities. Valleys of Aceromarka and Unduavi, where it is most

abundant.

Boliviana, gen. nov.

Form obcordate or sagittate, tuberculate or ridged, without a

central furrow, and produced behind into two barbs or wing-like

appendages. (A peduncle or stem occurs in some species.)

These broad arrow-shaped forms differ so much from the true

Cruziana, that it does not seem premature to separate them. (I

leave the elongate forms at present all in one genus.) And the

general term Bilobites may still be conveniently used for the whole

group, though not now accepted as a generic term.

Boliviana Melocactus. PI. V. fig. 9.

Three-quarters of an inch long, obcordate, deeply notched behind,

and pointed and produced backward on each side. Surface gently

convex, rising into a ridge along the median line, which projects

a little in the middle of the deeply emarginate posterior edge. Six

longitudinal ridges, narrower than the central one, run along the

whole length, with irregular tubercles on them, arranged so as to

form tranverse rows, seven or eight on each side.

A rough resemblance to the mammillated plants so common in

the region of the Andes suggests the name.
Locality. Valley of Aceromarka, north-eastern slope of Illimani.

Boliviana proboscxdea. PI. V. fig. 10.

This appears to be only about half of the disk, and it is therefore

described as if the longitudinal ridge (a) were central. An inch

and a half long, narrow-sagittate, lanceolate, convex j with a verj
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prominent central ridge, produced behind into a thick blunt spine.

Posterior edge doubly emarginate, but with the angles scarcely at

all produced. Six longitudinal ribs on each side of the central one,

all closely tuberculate, so as to form transverse rows.

The projecting mass is supposed to be the stem, and is nearly as

long as the frond, very thick, obtuse, attached to the posterior mar-
gin, and shaped like the siphon-sheath of a bivalve shell.

Locality. Valley of Aceromarka.

Bolivians, bipennis. PI. V. fig. 11.

Mr. Forbes observed the other part of this specimen in the rock,

but could only detach one half. The outline is therefore added to

our figure.

Frond semioval, emarginate behind, gibbous at the sides, and
with the posterior angles produced into strong divergent tapering

spines. Surface marked by ridges and furrows parallel to the

curve of the front and back margins. Spines also furrowed near

the base. Stem (apparently attached) long filiform.

Locality. Valley of Unduavi, eastern slope of the Andes.

The number of species that we recognize in this collection, made
with so much perseverance and at great personal hazard, are

—

5 Lower? Silurian (Bilobite-schists).

14 Upper Silurian (grey sandy schists and sandstones).

3 Devonian.

13 Carboniferous.

D'Orbigny's collection of Silurian fossils contained 10 species, of

which none have occurred to Mr. Forbes. They are

—

Cruziana rugosa. Phacops (Calymene) Verneuilii.

furcifera. (C.) macrophthahna ?

Orthis Humboldtii. Asaphus Boliviensis.

Lingula marginata.

Adding these to our list, we obtain 27 or 29 Silurian species for the

Central Andes, belonging to a fauna specifically clifferent from that

of any other quarter of the world. I venture without hesitation to

assert that the identifications by D'Orbigny with European forms,

where I am acquainted with the species, are wrong. I am obliged

to say this much, since that distinguished author has fearlessly

united things which differ b}' the most obvious external characters,

and has lent the sanction of his great reputation, on such evidence

as this, to a former community of species, and an equable diffusion of

heat. In regard to the Carboniferous forms, where M. D'Orbigny

is unwilling to allow more than a close analogy between the two
continents, I am again compelled to differ from him, but it is in

an opposite direction.

Summary.

Muensterii.

dubia.

Graptolites dentatus.

There is some doubt about both his

species of Phacops. They are probably
Devonian.
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EXPLANATION OF PLATES IV. & V.

Illustrating Mr. Salter's paper on some Palaeozoic Eossils from the Bolivian Andes.

Plate IV.

Eig. 1. Productus semireticulatus, Martin. Isthmus of Copacabana.

2. P. Longispina, Sow. Isthmus of Copacabana.

3. Orthis Andii, D' Orb. Santa Cruz.

4. Athyris subtilita, Hall. Isthmus of Copacabana.

5. Rhynchonella, sp. Santa Cruz.

6. Bellerophon ; like Urn, Fleming. Isthmus of Copacabana.

7. Orthis, sp. Oruro.

8. Phacops latifrons, Bronn. Oruro.

9. Ph. Pentlandii, Salter. Aygatchi.

10. Favosites (?), sp. Oruro.

11. Tentaculites suprenius, Salter. ~j

12. T. Saienzii, Salter.
_ | T]1

13 a. Tentaculites, sp., and Beyrichia Eorbesii, Jones. <"
"

13 b & 13 c. Beyrichia Forbesii, Jones.

It m SftET"
s"lter

-

}™* « Ma1^
17. Cucullella, sp. Illampu.

18. Ctenodonta (Nucula), sp. Valley of Millepaya.

19. Area (?) Brownii, Salter. Fig. 20. Young specimen. Illampu.

Plate V.

Eig. 1 & 2. Homalonotus Linares, Salter. 1 j-^
3. Homalonotus, sp. J

4, 5, & 6. Cruziana Cucurbita, Salter, "i
,

7 & 8. C. Unduavi, Salter.

9. Boliviana Melocactus, Salter. LValleys of Aceromarka and

10. B. proboscidea, Salter.
j

Unduavi.

11. B. bipennis, Salter. J

3. 0)1 a New Species of Mackaechexia (M. Boliviensis). By
Thomas H. Huxley, F.R.S., Sec. G.S., Professor of Natural

History, Government School of Mines.

[Plate VI.]

The vertebrate remains obtained by David Forbes, Esq., F.R.S.,

F.G.S., from the mines at Corocoro, under the circumstances de-

tailed in his paper " On the Geology of Bolivia and Southern Peru,"

consist of the following parts of the skeleton of apparently one and
the same Mammal:—1. A portion of the right maxilla and palate,

with fragments of grinding teeth. 2. Rather more than the right

half of the occipital portion of the skull. 3. A middle cervical ver-

tebra, nearly entire. 4. A fragment of a posterior lumbar vertebra.

5. A small portion of a right scapula. 6. A crushed fragment of the

proximal end of an ulna. 7. Part of the proximal end of the left

tibia. 8. The entire left astragalus, and part of the right astragalus.
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The bones are all in the same, and that a very peculiar, mineral

condition—the Haversian canals being for the most part filled up
with threads of native copper ; so that the fossils are not only ex-

ceedingly dense, but, in consequence of their internal flexible me-
tallic support, their thinner and more delicate parts bend, rather than

break, when force is applied to them.

The characters of the cervical vertebra and of the astragalus, which
are fortunately the best-preserved of all the fossils, at once demon-
strated the remains to belong to the genus Macrauchenia (Owen),
while the entire absence of epiphysial sutures in the vertebrae and
the long bones, and of similar indications of immaturity in the frag-

ment of the skull, proved the animal to have attained its adult con-

dition. The vertebra and the astragalus, however, have not more
than half the size of the corresponding bones of the species, M. Pa-
tachonica, discovered by Mr. Darwin, and described by Professor Owen
in the ' Appendix to the Voyage of the Beagle and as, in addition,

these and the other bones present different proportions from those of

the Patagonian species, I have no hesitation in regarding the fossils

collected by Mr. Forbes as the remains of a distinct species, for which
I propose the name of Macrauchenia Boliviensis. It will be con-

venient to commence the description of these fossils with those parts

upon which the diagnosis of the species may be most safely rested,

viz. the cervical vertebra and the astragalus.

The cervical vertebra (Plate VI. fig. 1).—The great length of the

centrum of this vertebra, the peculiar form of its transverse processes,

and the absence of perforations for the vertebral arteries in them
are characters which, in the present state of knowledge, oblige the

anatomist at once to refer it either to one of the existing Camelidce

or to the genus Macrauchenia ; while the two strong, converging

ridges which mark the posterior half of the under surface of the ver-

tebra, and meet to form a single ridge, which dies away anteriorly in

the middle of that surface, togetherwith the slight concavityof both the

posterior and the anterior articular faces of the centrum, are decisive

in favour of the latter alternative. In fact, the excellent description

of the cervical vertebras of Macrauchenia Patachonica which has been

given by Professor Owen applies so well to that of M. Boliviensis,

that, referring to the paper in the ' Appendix to the Voyage of the

Beagle,' already cited, for a general account of the characters of

Macrauchenian vertebrae, I shall content myself with pointing out

the resemblances and differences of the Bolivian from the Patagonian

Macrauchenia, and from the existing Auchenioz. The dimensions of

the centrum of the cervical vertebrae of the two Macrauchenia;, and

of the fourth cervical of a Guanaco and of a Vicugna in the College of

Surgeons' Museum are as follows :

—

M. Boliviensis. M. Patachonica. Guanaco. Vicugna.

in. in. in. in.

Length 3-8

Width of anterior face 1*1

"Width of posterior faoe 1-25

6-6

3-2

3-4

4-6

1-1

1-3

4-0

•8

1-0
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Thus it appears that the centrum of the cervical vertebra of

Macrauchenia Boliviensis is far more slender than that of M. Pata-

chonica
;

for, while the length of the former is to that of the latter

as 1 : Vk, the transverse diameters of the anterior faces of the centra

of the two species are, nearly, as 1 : 3. The cervical vertebra of the new
species is, absolutely, rather shorter than the fourth cervical of the

Vicugna ; but, relatively to its width, it is much shorter and stouter

than this bone in either the Guanaco or the Vicugna. There are no

longitudinal ridges on the surface of the vertebra below the pre-

zygapophyses, in which respect M. Boliviensis differs from M. Pata-

chonica, and approaches the Auchenioe. The anterior articular facet

of the centrum is concave from above downwards, in consequence of

the projection of the thickened and convex lower third of that face

;

the posterior facet is not only concave from above downwards from

a similar cause, but is also concave from side to side. The con-

cavity of both articular facets is greater than in M. Patachonica,

and the present species departs, in these respects, more widely than

the latter does from the Auchenioe.

The astragalus (Plate VI. fig. 2).—Tbis bone is. again, quite that

of the Patagonian species in miniature, differing chiefly in the pro-

portions of its dimensions, as shown by the subjoined table :—

•

Macrauchenia Boliviensis.

in.

Length 1-45

Greatest width . . 1*2

Greatest depth . . '85

M. Patachonica. Guanaco. Vicugna.

in. in. in.

3-3 1-6 1-3

2-7 1-2 -85

2-15 -95 -8

If we take the lengths of the astragali, it will be observed that

their proportions in the Bolivian and Patagonian Macrauchenice are

not the same as those of the cervical vertebrae. The astragali bear

the ratio of 1 : 2^, while the cervical vertebrae gave 1 : . Further-

more, the proportions of length, width, and depth in the two astra-

gali are different. Like the cervical vertebra, the astragalus of M.
Boliviensis is a, relatively, stouter bone than that of the Vicugna

;

though instead of being shorter it is a little longer, occupying a

position, in point of absolute length, between the astragalus of the

Vicugna and that of the Guanaco. As the astragalus thus yields

results agreeing very well with those given by the cervical vertebra,

we may safely assume that not only the absolute size, but the pro-

portions of the body of Macrauchenia Boliviensis were nearly those

of the existing Llamas, and differed widely from those of the heavy

and huge Macrauchenia Patachonica.

The tibia.
—

"What remains of the bones of the hind leg confirms

this view of the proportions of Macrauchenia Boliviensis. I have the

proximal end of the left tibia, minus the fibula, and with the outer

articular condyle broken away. Below this point, the outer edge

and surface of the fragment are uninjiu-ed, and the posterior face is

in good preservation, but the internal face is somewhat crushed.

The muscular ridges on the posterior face are as well marked as in

the skeleton of the Guanaco, and far more distinct than in that of
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the Vicugna, yielding additional evidence of the adult condition of

the animal, to that afforded by the absence of epiphyses.

The antero-posterior diameter of the tibia, measured from the

posterior edge of the internal articidar facet to the anterior edge of

the crest of the tibia, is, in

—

M. Boliviensis. M. Patachonica. G-uanaco. Vicugna.

in. in. in. in.

2-4 5-4 2-3 21,

so that the depths of the proximal ends of the tibiae of the two
Macrauchenice have the ratio of 1 : 2|, which corresponds very well

with the proportions of the astragali, and • confirms the conclusions

already arrived at, as to the relative lightness of the limbs of this

species in comparison with those of M. Patachonica, and as to the

similarity of the proportions of the Bolivian species to those of the

Llamas.

"What remains of the outer edge of the tibia is sufficient to prove

that the fibula must have remained unanchylosed to the tibia for a

much greater distance than in the Patagonian species. From the

manner in which the outer tuberosity of the proximal end of the

tibia is broken off, I am inclined to suspect that the fibula was
anchylosed to it at this point ; and perhaps, as in the Auchenice, its

proximal end was represented only by a bony style.

TJie scapula is represented merely by a mutilated fragment, com-
prising the glenoid cavity and the adjacent parts. The spine of the

scapula is broken off, and the glenoid cavity is somewhat distorted

by the bending of one of its edges; but enough remains to show
that the bone must have agreed with the scapula of Macrauchenia

Patachonica in all essential respects, and that it therefore differed

very widely from that of the Auchenice. In size, however, it nearly

corresponded with the corresponding bone in the latter animal ; for

the greatest diameter of the glenoid cavity is 1*2 in., the same
measurement in the Vicugna being l'O, and in the Guanaco 1*6.

The ulna.—The fragment of the ulna, consisting of part of the

olecranon process and of the sigmoid cavity, is so crushed, that I can

only affirm its general agreement in form with that of Macrauchenia

Patachonica, and in size with the same bone in the Llamas.

Hie lumbar vertebra.—Of bones referable to this region of the body,

again, there is but a single fragment, of value only so far as it con-

firms the conclusions arrived at b}r the examination of the more

perfect fossils. It corresponds very well with the posterior half of

the centrum of the penultimate lumbar vertebra of M. Patachonica

in form, and with the corresponding vertebra of Auchenia in size

;

but the crest into which the middle of its under surface is raised,

and which is still sharper than that in the Patagonian species,

diagnosticates it at once from any of the lumbar vertebrae of the

Llamas.

The transverse diameter of the articular face is 1-1 in., its vertical

diameter 0-9. The corresponding measurements of the antepen-

ultimate lumbar vertebra of M. Patachonica are 3-0 in. and 2-1
; so
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that, as in other bones, the proportions of diverse diameters of the

same bone are not the same in the two species. But as the trans-

verse diameters of the cervical vertebra? of the two species are nearly

as 1 : 3, and the transverse diameters of the lumbar vertebrae are,

also, nearly in the ratio of 1 : 3, it would seem as if the different

regions of the vertebral column of the two species exhibited the same

proportional correspondence to one another.

The skull.—As no part of the skull of Macrauchenia Patachonica

has yet beeu discovered (with perhaps the exception of part of the

lower jaw), a great interest attaches to every fragment which promises

to throw light upon this part of its organization ; and I therefore make
no apology for dwelling at some length upon the characters of the

two very imperfect and mutilated portions of the cranium which
turned up among the specimens submitted to me by Mr. Forbes.

The one of these (Plate VI. fig. 3) consists of rather more than half

of the occipital segment of the skull, and exhibits the whole of the

supra-occipital bone, with its strong occipital crest, a part of the

parietal with the sagittal crest, the greater part of the right para-

mastoid process, and the entire right occipital condyle.

As I have already remarked, the sutures are obliterated : and this is

true, not only of those which ordinarily exist between the elements of

the occipital bone in young mammals, but of the lambdoidal suture,

which usually persists for a longer period. The occipital foramen must,

when entire, have had a depressed-oval form, the short, vertical axis

of the oval being about - 6 of an inch long. The face of the bone

above it iuchnes upwards and forwards, at an angle of about 50° with

the base of the skull, and presents a sharp ridge in the middle line,

on either side of which the surface of the supra-occipital element slopes

with a slight convexity outwards and forwards, at the sides and below;

while, above, it becomes concave by passing almost vertically upwards
in the middle line, and laterally, bending upwards and backwards

at a right angle with its previous inclination into the occipital crest.

This crest is nearly 0-2 inch thick at the sides, and becomes still

thicker in the middle line, where it joins the sagittal crest. It Is

1*1 inch in diameter at its widest part, and about half an inch high.

Its contour is that of a parallelogram, with its angles rounded off,

and the middle of its upper side rather truncated. The lateral

portions project backwards rather more than its centre ; so that, while,

supposing the basi- occipital to be horizontal, a vertical line drawn
through the posterior edge of that bone would nearly coincide with

the contour of its central part, it would pass a little anterior to the

plane of the lateral extremities of the crest. Inferiorly, the thick

lateral portions of the crest divide into two ridges ; the posterior

of which turns slightly inwards and comes to an end, while the

anterior, much sharper at its edge, passes forwards and outwards, and
becomes continuous with the sharp ridge in which the paramastoid

process terminates externally.

Behind this ridge, between the paramastoid process, the occipital

condyle, and the lateral convexity of that part of the occipital bone

which lies above the foramen magnum, there is a deep fossa, which is
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divided into two portions by a transverse ridge, extending from the

outer and upper part of the condyle to the posterior and inner face

of the paramastoid process. The large precondyloid foramen (pro-

bably somewhat enlarged accidentally) opens into the lower and ante-

rior division of the fossa, beside the condyle, and about -i-th of an inch

behind its anterior inferior boundary. The upper boundary of the

foramen magnum is almost straight, and its summit is below the

level of the superior edge of the condyle (when the base of the skull

is horizontal). The condyle is divisible into an upper, smaller, ob-

liquely ascending, and a lower, more nearly horizontal facet. The fine

of junction between the two, forming the posterior limit of the con-

dyle, is rounded off and is directed obliquely outwards and upwards.

The moderately convex upper facet looks upwards, backwards, and
but very slightly outwards. It is broad above, where its transverse

diameter amounts to nearly half an inch, and tapers off gradually

to a point below and internally.

The inferior facet, less curved than the other, is 0*6 of an inch

wide behind, hardly more than half that in front, and fully 0-8 of an

inch long. It is slightly convex from side to side, and from behind

forwards, posteriorly,where it looks downwards and outwards ; convex

from side to side, and slightly concave from behind forwards, in front,

where it is directed more horizontally downwards. Its anterior narrow
end has a sharply denned rounded margin, which can be traced to

the anterior boundary of the occipital foramen ; so that the occipital

condyles certainly did not coalesce in the middle line.

The paramastoid process is broken off rather above the level of

the lower boundary of the occipital condyle ; but, from the thinness

of the fractured edge, I imagine it did not extend much further. It

is broad and flattened, the (lirection of its greatest diameter being

from behind and without, inwards and forwards. Its posterior face

is directed as much inwards as backwards, and its outer margin is

sharp, except towards the lower end, where it becomes rounded. In-

ternally, it thickens before rejoining the exoccipital, in front of, and

external to, the precondyloid foramen . The upper part of its anterior

and external face is evidently rough and has united with the mas-
toid, now completely broken away ; but it is difficult to say how far

downwards the sutural face extended. The posterior boundary of

the jugular foramen is preserved on the inner side, and in front of, the

thick inner edge of the paramastoid.

The sagittal crest is continued forwards from the triangular pro-

minence common to it and the occipital crest, and at once becomes

verv thin and sharp. It is broken off at a very short distance from its

commencement, and at this point it is a quarter of an inch high. Its

superior margin is not parallel with the contour of the middle line

of the parietal region, but has a more marked upward inclination, so

as to lead one to suppose that the crest rose to a considerable height

in the middle of the synciput,—a conclusion which is strengthened

by the great thickness of the parietals (of whose median suture no

trace is visible) in the middle line. The transverse section presented

by the anterior broken edges of these bones is, in fact, triangular,
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and the height of the triangle from its apex, which corresponds with

the hase of the crest, to its base (the concave inner wall of the

cranium) is nearly 04 of an inch.

In viewing the fragment of the occiput from within, one is sur-

prised by the great thickness of the supra-occipital region, the bone

immediately above the middle of the occipital foramen being half an

inch thick. A well-marked ridge, defining the interior boundary of

the cerebellar fossa, is continued downwards, forwards, and out-

wards, from the anterior boundary of the thick roof of the occipital

foramen. There is no venous canal traceable above the inner aper-

ture of the precondyloid foramen.

If the occiput of Macrauchenia Boliviensis be restored by reversing

the outlines of the right half (as in PI. VI. fig. 3), thus supplying the

wanting left moiety, the following measurements may be obtained.

Side by side with them I give the corresponding measurements of the

skull of the Yicugna :

—

M. Boliviensis. Vicugna.
Transverse diameter of the occiput] in. in.

from the outer edge of one para- I 1-9 2-25

mastoid to that of the other ....
J

Ditto from the outer edge of one occi-1 -^.5

pital condyle to that of the other. J

The transverse diameter of the occi- 1 «

pital foramen J

It will be observed that the two series of dimensions correspond

very closely, the two latter being identical, while the Macrauchenia

appears to have had even a narrower skull than the Vicugna. In
form, the occiput of Macrauchenia agrees better with that of the

Llamas than with that of any other ungulate animal with which I

have compared it.

Thus, in an old Guanaco I find an equally well-marked ridge in

the middle line of the supra-occipital element ; the occipital crest is

equally prominent, though not so stout ; the sagittal crest is as well

marked, thin and sharp, and, as in Macrauchenia, its superior edge

ascends. There is a fossa between the occipital condyle and the

paramastoid, similar in form to that in Macrauchenia, though much
shallower. The occipital condyles are very much alike ; and their

relation to the precondyloid foramina is the same in both cases. The
paramastoid has the same proportional breadth; and its greatest dia-

meter is, in both cases, directed from without and behind, inwards and
forwards : in both cases its inner edge is peculiarly thickened. Again,

the paramastoid of the Auchenia, like that of the fossil, is very short,

its apex hardly extending below the level of the occipital condyle.

The occiput of Macrauchenia, on the other hand, differs from that

of Auchenia in the much greater thickness of the supra-occipital,

which in the Macrauchenia has fully double the thickness of the same
region in an old Guanaco, whose skull is much larger—in this respect

approaching the Sheep and some other Euminants, which have this

bone very thick. The supra-occipital, also, is much higher, in pro-

portion to its width, in Macrauchenia than in Auchenia ; its lateral
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contours are parallel, and not divergent outwards and upwards.
There is nothing in the Macrauchenia resembling the deep notch
between the supra-occipital and the base of the paramastoid, into

which a part of the mastoid fits in Auchenia. In contour, in fact,

the occiput of the Macrauchenia resembles that of the Palceotherium

more nearly than that of any other Mammal. But, on the whole, I

think it must be admitted that the resemblance of the back of the

skull of the Macrauchenia to that of Auchenia is sufficiently close

to justify the conclusion, that the predominance of the Cameline
type, so marked in the neck, was maintained in the head of the

extinct Mammifer.
The fossil which remains for description (Plate YI. fig. 4) consists

of two fragments of the matrix (a and h), which fit together, and to

which adhere certain portions of the upper jaw and palate, together

with the fractured remains of three grinding-teeth and part of the

alveolus of a fourth, all of the right side, and in a continuous series.

The alveoli and part of the crowns of these teeth are contained in the

larger fragment of matrix,—the smaller fragment fitting against the

larger and the teeth which it contains, and exhibiting the impressions

of the grinding surfaces of three teeth and of their inner faces, a

jDortion of dental substance adhering to the latter, in the case of the

two anterior teeth. Of the hindermost tooth nothing is left but the

impression of one fang.

The impression of the grinding surface of the first tooth is nearly

four-tenths of an inch long, convex from before backwards, concave

internally : the outer boundary of the impression is broken away,
a fragment of dental substance adhering to the posterior part of its

inner face. The part of the larger portion of the matrix (a) which
should contain the alveolus of this tooth is absent. The antero-

posterior extent of the coronal impression of the second tooth is a

little more than 0-4 of an inch ; it is concave from before backwards
externally, nearly flat internally, and shelves with a slight convexity

upwards and inwards. The inner boundary of the impression is, as in

the preceding ease, markedly concave; and a much larger fragment of

tooth- substance adheres to it. The outer boundary of the impression

is broken away, but much more in front than behind, where its width

is fully 0-4 of an inch. The impressed line which separates this im-
pression from the next is convex forwards. Corresponding with this

impression there are, in the larger fragment of matrix, an almost

entire conical posterior fang, about 0*4 of an inch long, lodged in a

complete bony alveolus, whose outer wall is broken away, and the

posterior half of a similar alveolus for an anterior fang : there is no

trace of a third alveolus or fang
;
and, indeed, there seems to be no

room for one. The fang which exists is connected below with a

portion of the crown : but this is so broken, that all that can be

remarked of it is its marked internal convexity.

The coronal impression of the third tooth is half an inch long

;

like the preceding, its face shelves upwards and inwards. The poste-

rior part of its outer margin is broken away; but it is clear that this

crown was quite as wide as that which preceded it, if not wider

;
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the surface appears, however, to have been more evenly flat. The
inner perpendicular face of the impression presents two concavities,

separated by a slight ridge.

More of this tooth is preserved than of any other ; the outer wall

of the maxilla is, for the most part,' preserved over it, and encloses the

alveoli of two external fangs. There is evidently at least one, and
perhaps two, internal fangs. The whole thickness of the inner and
posterior part of the crown is preserved, and the posterior and inner

half of its worn face ; the rest of the tooth is broken away. The
posterior and outer fang, partially exposed, is 0*3 of an inch long,

conical, and slightly inclined backwards, as well as upwards and

inwards. The crown, where it joins the fang, is 0*4 of an inch long

;

so that it must have widened a little below. The vertical height of

the crown of the tooth posteriorly and internally is hardly more than
0-15

;
anteriorly and internally it is broken

;
but, when entire, it had

a height of at least 0-2. The inner surface of the tooth is divided into

two tolerably well-marked subcyHndrical faces, which correspond with

the impressions on the inner wall of the coronal impressions.

The outer moiety of the crown is altogether broken away ; the inner

moiety, broken anteriorly, exhibits in its posterior half a smoothly worn
facet, concave from before backwards, and inclined not only down-
wards but slightly backwards. A narrow fringe of enamel appears to

surround the worn dentine of this face, which is wider in the middle

than at the two ends. The true outer face of the enamel can be

traced from the inner face of the tooth, continuously, round the pos-

terior boundary of this worn facet, and as far as its most dilated

portion on the inner side. It is concave outwards, and presents a

slight inflexion midway between the posterior end of the facet and
its middle dilatation. Beyond the dilated middle of the facet, its

enamel-wall seems to have been united with that of the opposite

half of the tooth ; but it is traceable forwards, becoming concave

externally, past the anterior end of the worn facet, to the anterior

margin of the tooth, where it bends round and again becomes con-

tinuous with the enamel of the inner face.

This tooth, therefore, appears to have possessed an internal divi-

sion, elongated from before backwards, surrounded by a narrow band
of enamel,—having its inner contour produced into two convexities,

separated by a slight vertical depression, while its outer wall pre-

sents two concavities, separated by a slight ridge which lies rather

behind the level of the depression on the inner face. By use, the

posterior part of this division wore down into a facet, concave from
before backwards, and separated, by a transverse ridge, from the facet

in front of it. A longitudinal fossa separated the posterior moiety, at

least, of this division of the tooth from the outer division.

Imperfect as is this fragmentary grinder, certain important con-

clusions may, I conceive, be very safely drawn from its structure.

The predominance of the longitudinal, to the exclusion of transverse

valleys and ridges in the crown of the tooth, the distinct, though
not strongly marked, crescentic form of the internal division of the

tooth, and its short crown, remove it from the teeth of any known
vol. xvri.

—

part i. e
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Perissodaetyle Mammal, and lead one, at once, to seek its analogue

among the Artiodactyla ; and of these the lluminants alone, so far

as I know, offer anything like it. The inner grinding-surface of

any true molar of a Euminant, however, exhibits two ridges and
three depressions; while that of the Macrauchenia has only one ridge,

with a concave shelving depression behind, and doubtless, in the

perfect condition, another in front ; in other words, it has the con-

tour exhibited by one of the hinder premolars of a Euminant. The
inner division of a posterior premolar of Auchenia has its convex
inner surface undivided by any vertical depression ; and its outer,

posterior margin exhibits no marked inflexion : but such an inflexion

exists in the corresponding teeth of the Giraffe and of many Deer,

in some of which latter a vertical groove, dividing the inner face

into two convexities, may also be noted.

I am of opinion, therefore, that the tooth in question is a poste-

rior premolar, and that it was constructed upon the Euminant type.

In this case, however, the dentition of Macrauchenia must have

departed widely from that of the €amelidce ; for there were certainly

two teeth with flat grinding crowns in front of that just described,

which would give, at least, three premolars in all, or as many as are

found in ordinary lluminants.

I am strengthened in the conviction that there were as many as

three premolars, by the rest of the structure of this interesting frag-

ment. Within the series of teeth just described, in fact, it presents

a considerable portion of the roof of the palate, some of whose bony
matter remains. At a distance of half an inch from the inner wall

of the posterior premolar, a longitudinal sutural line traverses the

whole length of the palatine surface, and ends abruptly (in conse-

quence of the fracture of the matrix) as well behind as in front.

Its posterior end is 1*2 of an inch behind a transverse line drawn at

the level of the posterior margin of the last premolar. Opposite and
behind this tooth, the right half of the palate is marked by what
might hastily be taken for a suture, but which is nothing but a frac-

ture. Behind it, and 0-9 of an inch in front of the posterior end of the

longitudinal suture, two curved transverse lines, convex forwards,

which I believe to be the maxillo-palatine sutures, pass into the

longitudinal suture.

Thus, it is clear that the palate must have extended back for 1-2

of an inch behind the third grinding-tooth.

Supposing this tooth to have been succeeded by three others whose
length, if they were molars, would be probably between 0-6 and
0*7 of an inch, it follows that the posterior margin of the palate

must have extended, at least, as far back as the posterior margin of

the second molar. This is further than it extends in the Auchenia;

(the very forward extension of whose palatine aperture is excep-

tional among the Artiodactyla), but it is not so far as in the Camel,

where the posterior boundary of the palate is opposite the middle of

the last molar*.

* The attempt to differentiate the Artiodactyla and Perit.tr/dactyhi absolutely

by the position of the posterior margin of the bony palate is fallacious. On an
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This backward extension of the palate is, so far as it goes, in

favour of the view to which the consideration of the dentition and

the structure of the occiput leads, viz. that the cranium of the

Macrauclienia was constructed upon an essentially Artiodactyle type.

The following are the dimensions of the palate and teeth of Ma-
crauclienia Boliviensis, and those of the corresponding parts in the

Vicugna :

—

The narrower palate of the Macrauclienia agrees with its narrower

occiput, while it exhibits the same general correspondence with the

Vicugna as has been met with in the limbs and vertebras.

Thus I conceive that an attentive examination of these scanty

remains is sufficient to prove that, when they were imbedded, there

lived in the highlands of Bolivia a species of Macrauclienia not half

as large as the Patagonian form, and having proportions nearly as

slender as those of the Vicugna, with even a lighter head ; and it is

very interesting to observe that, during that probably post-pleistocene

epoch, a small and a large species of more or less Auchenoid

Mammal ranged the mountains and the plains of South America
respectively, just as at present the small Vicugna is found in the

highlands, and the large Guanaco in the plains of the same con-

tinent f.

The structure and geological date of the genus Macrauclienia may
serve, if taken together, to point an important palasontological moral.

Professor Owen, in the able memoir cited above, has clearly pointed

out the remarkable combination of Artiodactyle and Perissodaetyle

characters exhibited by Macrauclienia, which unites the eminently

characteristic cervical vertebras of the Artiodactyle Camelidce with

the three-toed fore foot and the triply trochantered femur of the

average it is doubtless true that the bony palate extends further back in the former
than in the latter ; but the bony palate extends to a line joining the anterior

edges of the last molars in Tlyrax ; while in the full-grown Gruanaco, a similar

line is 04 of an inch behind the posterior boundary of the palate.

* The six grinding-teeth of the lower jaw, which Professor Owen has provi-

sionally referred to Macrauclienia (British Association Eeports, 1846), are said

to form a series 9 inches long. A series of six such teeth of the lower jaw
of Macrauclienia Boliviensis could not have exceeded 4 inches in length, and
was probably shorter. Under these circumstances, the heads (as measured by the

teeth) of the two species would be in nearly the same proportion as then'

astragali, and in very different proportions from their cervical vertebrae. This is

not improbable ; for the Vicugna has a much lighter head than the Guanaco, if the

cervical vertebras be taken as the standard. The length of the fourth cervical of

the Vicugna is to that of the same bone in the Gruanaco as 1 : 1T , while the length

of the head in the two is as 1 : 1^.

f As the Gruanaco ranges into the highlands, it may not be a too sanguine
expectation to hope for the future discovery of remains of the great Macrauclienia,

also, in Bolivia.

Macrauclienia. Vicugna.

1-25 (at widest).

2-2

g 2
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Perissodactyla ; and with an astragalus which, in the apparent entire

absence of any facet for the cuboid, is, I may affirm, more Perisso-

dactyle than that of any member of the order, except Hyrax.
None of the older Tertiary mammalia can produce such strong

claims to be considered an example of what has been termed " a

generalized type" as Macrauchenia ; and yet there seems little doubt

that the latter is the South American equivalent, in point of age, of

our Irish Elk

!

Again, Macrauchenia, alone, affords a sufficient refutation of the

doctrine, that an extinct animal can be safely and certainly restored

if we know a single important bone or tooth. If, up to this time,

the cervical vertebrae of Macrauchenia only had been known, palaeon-

tologists would have been justified by all the canons of comparative

anatomy in concluding that the rest of its organization was Came-
lidan. With our present knowledge (leaving Macrauchenia aside), a

cervical vertebra with elongated centrum, flattened articular ends,

an internal vertebral canal, and imperforate transverse processes, as

definitely characterizes one of the Camel tribe as the marsupial bones

do a Marsupial,—and, indeed, better; for we know of recent non-mar-

supial animals with marsupial bones. Had, therefore, a block contain-

ing an entire skeleton of Macrauchenia, but showing only these por-

tions of one of the cervical vertebrae, been placed before an anatomist,

he would have been as fully justified in predicting cannon-bones,

bi-trochanterian femora, and astragali with two, subequal, scapho-

cuboidal facets, as Cuvier was in reasoning from the inflected angle

of the jaw to the marsupial bones of his famous Opossum. But, for

all that, our hypothetical anatomist would have been wrong ;
and,

instead of finding what he sought, he would have learned a lesson

of caution, of great service to his future progress.

EXPLANATION OF PLATE VI.

Fig. 1. Cervical vertebra of Macrauchenia Boliviensis, Huxley; restored from

the opposite side, posteriorly.

1 a. The same vertebra, viewed from in front.

1 b. The same vertebra, viewed from behind.

2. Astragalus (left), from above.

2 a. „ „ from below.

2 b. „ „ from the outer side.

3. Fragment of the occipital portion of the cranium, restored in outline.

3 a. The same fragment, viewed from without and laterally.

4. Part of the upper jaw and palate, and lateral view (a) of the crown of the

most perfect tooth.

4 a. Side-view of the large fragment of the matrix containing the teeth, with

the smaller fragment, exhibiting the coronal impressions, adapted to it.
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December 5, 1860.

William Salmon, Esq., Ulverstone, Lancashire; Peter Higson,

Esq., One of H. M. Inspectors of Coal-mines, Broughton, near Man-
chester ; John Spencer, Esq., Bowood, Wilts ; Alexander R. Binnie,

Esq., C.E., 7 Upper Lansdowne Terrace; George James Eustace,

Esq., Arundel House, Clifton Road, Brighton ; F. D. P. Dukinfield

Astley, Esq., Dukinfield, Cheshire, Arisaig, W. B., and 67 Eaton

Square ; and Thomas Baxter, Esq., 1 Castle Place, Worcester, were

elected Fellows.

The following communication was read :

—

On the Structure of the North-Western Highlands, and the

Relations of the Gneiss, Red Sandstone, and Quartzite of

Sutherland and Ross-shire. By James Nicol, F.G.S., F.R.S.E.,

Professor of Natural History in the University of Aberdeen.

Contents.

Introduction, and object of paper.
j

Loch Broom.
Durine Limestone.

j

Loch Maree and Grairloch.

Loch Erriboll Sections.
I

Loch Torridon and Loch Carron
Overlying Red Sandstone and Quartzite

at Tongue.
Loch More Sections.

Lochs Grlen Coul and G-len Dhu.
Section of Glasven.

Structure of Assynt and Ben More.
Loch Ailsh Section.

Elphin and Craig-a-Chnockan.

South of Skye.

General considerations.

Distribution of the Rocks.

Nature of Formations.
Strike of the Beds.

Mineral character of the Rocks.

Conclusion.

Introduction.—In a paper read to the Society in 1856, and pub-
lished in vol. xiii. p. 17-39 of the Geological Journal, I pointed out

some of the features of the Gneiss, Red Sandstones, and Quartzites

which form such prominent objects in the geology of the north-west

of Scotland. I then proved (contrary to the opinion previously en-

tertained) that the Red Sandstone of the North-west Highlands, and
especially that of Loch Broom and Applecross, was wholly inferior

to the quartzite, which rests on it in an unconformable manner, and
spreads out wider to the east. In the same paper I showed that the

Assynt and Durness limestone forms the upper member of this series,

and that the supposed higher quartzite of Ben More is only the same
quartzite rising from under the limestone. In regard to the rela-

tion of the quartzite to the eastern gneiss, I stated that, though
some of the sections appeared to confirm Dr. Macculloch's view that

there are in Sutherland two formations of gneiss—an older below
tbe quartzite, and a newer superior to it,—still the presence of

intrusive rocks and other marks of disturbance in the sections I had
examined rendered this conclusion less certain and satisfactory than
might be wished. In order to determine this most important ques-

tion, affecting the entire geological history and structure of the

north of Scotland, I have subsequently visited this region four times,
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and examined all the principal sections and almost the entire tract

of country from the north coast of Sutherland, to Loch Alsh and
Skye in the south, and from Caithness on the east to the Lewis on
the west. I now propose to lay the results of these investigations

before the Society, as confirming or correcting the views given in my
former paper. This is the more necessary, as, whilst some of my
statements have been controverted, other statements may seem to

support conclusions which I now feel assured are erroneous. The
wide region over which these observations extend, and the great

importance of the questions involved, together with the weight of

authority opposed to the views I support, must form my excuse for

the length of this paper and the full details given of some sections.

Object of this paper.—As it may render the bearing of the special

sections noticed more evident, I may state that there is no difference

of opinion in regard to the first part of the series of formations as

established in rny paper of 1856. All observers now admit that there

is only one great formation of Red Sandstone on the north-west coast,

resting unconformably on gneiss, and covered, in many cases also un-

conformably, by quartzite, and this by the fossiliferous limestone of

Durness. But the further order is matter of discussion. I regard

this limestone, in Durness, Assynt, Loch Broom, and Loch Keeshorn,

as the highest member of the older formations in this region (fig. 1 ).

Fig. 1.

—

Diagram -section of Sutherland and Boss.

d. Limestone. c". Fueoid-beds. c1 . Quartzite. b. Red Sandstone.
a. Crystalline schists. x. Granulite or syenite. f. Fault.

On the other hand, it has been affirmed* that it is overlain by an
upper quartz-rock and limestone, and that these are in turn " clearly

and conformably covered," or " followed symmetrically upwards, by
mica-schists, flagstones, and a younger gneiss." This paper is

designed to prove that no such clear, conformable, or symmetrical
upward succession is to be found, but that the line of junction,

where this conformable succession is said to occur, is clearly a line

of fault, everywhere indicated by proofs of fracture, contortion of the

strata, and powerful igneous actionf

.

Dunne Limestone.—Beginning our sections in the north, the first is

that of the Durine limestone. The section given in my former paper J,

though showing the true general relations of the beds, must be cor-

* Sir R. I. Murchison, ' Siluria ' (3rd edition), p. 553. See also Murchison
" On the Succession of the Older Rocks in the Northernmost Counties of Scot-

land," Quart. Journ. Geol. Soc. vol. xv. p. 352, and " Supplemental Observations,"

ib. vol. xvi. p. 215, &c.

t The diagram fig. 1, compared with the similar section fig. 2 in p. 217
of toI. xvi. of Quart. Journ. Geol. Soc, will bring out this difference of views

more clearly.

\ Quart. Journ. Geol. Soc. toI. xiii. p. 23. fig. 5.
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rected as to details by that now given*

(fig. 2). Beginning at the western extre-

mity, the magnificent promontory of Par-out
Head, 315 feet high, consists from top to

bottom of fine-grained white or light-

coloured mica-slate, in thin even beds. The
dip is from 20° to 25°, or rarely 35°, to E.
35° Si at the Head ; but near Old Castle

Point, where the rock is also darker in co-

lour, always to the north of east (E. 25°-35°

ST.). From the regular dip of the beds, the

thickness of this mass of mica- slate must be

above 2000 feet if the section is unbroken,

and not less than 1000 feet if a fault occurs

between Far-out Head and Old Castle Point.

In mineral character it is quite identical

with the mica-slate on the east of the quartz

-

ite at Emboli, and with the mica-slate of

Mclness on the Kyle of Tongue. It has on
this account been said to overlie the Durine
limestone

;
but, after repeated careful exami-

nation of the sections, which are most clearly

exhibited on the coast, I have been unable to

detect the smallest trace of limestone below
the mica-slate, or of mica-slate above the

limestone. It seems impossible to believe

that a mass of mica-slate, at least 1000 feet

thick, could have been so thoroughly swept

away from the surface of the limestone-field

for many miles in extent, had it ever existed

above it.

!N"ear Balnakeil and Sangoe Bay the mica-

slate appears to dip under the limestone

;

but, as shown in the section, it is cut off from

it by a fault. This limestone forms a great

contorted mass, 128 feet high, and is in many
parts a red-coloured breccia ; but it dips on

the whole to the S.E. The brecciated struc-

ture is due to a mass of hornblende-rock or

serpentine which rises up in Sangoe Bay,

bringing with it portions of altered quartzite

and mica-slate. The igneous and metamor-
phic rocks extend south to Loch Calladale,

and have evidently been forced up through

* The sections in the following paper run generally

from west to east, and, for more ready comparison,

are all drawn as seen from the south. The directions

in this paper are also true, having been corrected

for the magnetic variation, which in Sutherland is

about 29° W.
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the limestone, which is broken and contorted near them. The lime-

stone again forms the coast, intersected, however, by another N. and
S. line of fault at the Smoo Cave, Near Sangoe Beg the qnartzite

appears, forming a small wedge-shaped fragment, and is represented

by Mr. Cunningham, who first figured the section, as dipping con-

formably under the limestone*. This is no doubt its normal posi-

tion ; but in this place the rocks are separated by a fault and crush,

which has broken up the quartzite into an incoherent breccia.

Beyond Cnoc Garrow the quartzite is succeeded by the ridge of gneiss

dividing the vale of the Dionard from Loch Emboli. The ridge runs

S.S.W., but the strike of the beds is nearer N/W. (N. 48° W.), and
the dip at 70° to 85°, to S.W. or N.E. It is everywhere penetrated

by veins and masses of red granite and hornblende-rock, and has

evidently been tilted up on the west side since the deposition of the

quartzite, which rests in a thin and often-interrupted layer on its

eastern side, sloping down to Loch Emboli t. Small fragments of

quartzite also occur on its seaward extremity.

This section of the Durine district is important, as proving that

the limestone is the highest formation in the series, and is nowhere
covered by higher quartzite or mica-slate ; these rocks, where found

in the centre of the section, being evidently brought up from below,

and thus underlying, not overlying, the limestone. It also shows
that the whole district is broken up by faults running from N.rLE.
to S.S.W., and that the masses of strata have generally been tilted

up on the west.

Sections on Loch Emboli.—These facts serve to explain the more
complex sections on the east side of Loch Emboli. The first of these

(fig. 3) runs from near Camas-an-duin, in an east-by-south direction,

Fig. 3.

—

Section of Camas-an-duin, Loch Emboli.

W. a . E.

d. Limestone. c2 . Fucoid-beds. c1 . Quartzite.

a. Mica- and talc-slates. s. Granulite, with fragments of slate.

across the ridge to Loch Hope. On the shore south of Camas Bay,

the strata are seen in their regular normal order : first the quartzite

(c
1

) in curved beds, but dipping on the whole to "W. ; then (c
2
) the

fucoid-beds, and above all the limestone (d),m broken irregular strata,

but also with a westerly dip. The limestone forms a low hill, sepa-

* Cunningham, Geognostical Account of Sutherland in Prize Essays of the

Highland Society, vol. xiii. (1839) p. 97, and plate 7. fig. 4. This quartzite

does not appear in my former section, which runs further south than it extends.

t Far too great thickness is assigned to this part of the quartzite in my old

section. Quart. Journ. Geol. Soc. vol. xiii. p. 23. fig. 4c.
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rated from the main ridge by a low marshy valley, indicating a line of

fault. This fault is also proved by the quartzite, with its characteristic

annelid-tubes (Pipe-rock), dipping first 78°, toE. 30° S., and then 70°,

toW. 10° N. On the main ridge the same quartzite forms a great

curved face of rock, dipping at 50°-65°, to W. 33° N., and higher

up 74°, to W. 25° N. The top of the ridge consists of a granitoid

igneous rock or granulite *, in part overlain by quartzite. This

mass or vein varies from a few yards to above a fourth of a mile in

width. Beyond it, on the east side of the ridge, mica- and talc-slates

occur in thin regular beds, and often identical in character with the

rocks of Far-out Head. The prevailing dip is 15° to 25°, to S. 30° E.,

but varies considerably near the granulite, where the beds become
contorted and interlaced with igneous matter. In a deep valley to

the north, a more complete section of the interior of the hill is seen
;

the granulite widening out to half a mile or more, throwing off the

strata on each side, and involving large fragments of the mica-slate,

with the laminae turned in various directions. As these fragments

of mica-slate are found in the mass of the igneous rock where it

rises up below the quartzite, and, of necessity, have been derived

from a still deeper formation, they prove indisputably that the mica-

slate is the lower and older rock, and therefore cannot normally

overlie the quartzite.

Further north, the igneous rock widens out greatly in Arnaboll

Hill, and has produced some remarkable changes on the strata.

Thus, on Camas Bay, in the continuation of the fault in the former
section, the quartzite dips at 53°, to S. 64° E., and apparently

below the igneous mass of the hill. But the openings of the

annelid-tubes, and the ripple-marks, which are regularly found on
the upper surface of the beds, are here on the lower faces, showing
that there has been a complete reversal of the strata. Still proceed-

Fig. 4.—Section of Drium-an-tenigh, Loch Erriboll.

W. Heilaru Inn. Loch Hope. E.

C/

d. Limestone. c2 . Fucoid-beds. c1
. Quartzite.

x. Granulite (termed "gneiss" by Mr. Cunningham).

ing northwards we come to the remarkable section of Drium-an-
tenigh (fig. 4), described and figured by Mr. Cunningham as an

* It is difficult to assign a name to this rock. In general it is a mixture of
compact felspar and quartz, often with an imperfect laminar texture. With
these, hornblende or talc or scales of bronzite become occasionally intermixed.
But in other places it passes into a distinct crystalline binary granite of orthp-
clase and quartz, or into felspar-porphyry or diorite, and where in contact with
limestone into a kind of serpentine. With all this diversity it exhibits a com-
munity of character, more easily recognized than described, along the whole fine

from Whiten Head to the Sound of Sleat. I have often used the term granulite,
as the most generally applicable.
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example of gneiss conformably overlying' the limestone and qnartzite.

It might be sufficient to state that the rock which he describes as

gneiss is the intrusive granulite-rock of the last section*; but, as

illustrating the structure of the country, some further details are

necessary.

At Heilam Inn, on Loch Emboli (fig. 4), the limestone dipping
10°-20°, to S. or S.E., but in broken flexured beds, forms both the

peninsula and the hill on the mainland to about the line of the road.

The next ridge consists of the quartzite, clipping on the west side at

65°, to W. 10° K., and on the east of the ridge 44°, to W. 5° S.

Crossing a small valley, the quartzite is again seen, dipping 83°,

W. 10° INT., and further on the fucoid-beds, dipping 64°, to S. 45° E.
The rocks are hidden for about 100 yards by grass and detritus ;

but at the foot of the cliff the same beds crop out, dipping in one
place at 20°, to E. 35° S., and in another at 6°, to S. 10° W. As
already stated, these beds are covered, not by gneiss, as in Mr.
Cunningham's figure, but by the granulite or eruptive rock form-

ing the great mass of the hill. It has clearly broken through the

strata, resting in one place on the fucoid-beds, in another on the

quartzite, and further east, towards Loch Hope, is overlain by
quartzose beds dipping 25°, to E. 30° S.

The relations of the rocks in this section are quite clear and con-

sistent. No overlying gneiss is seen in it, and the mica-slate

is separated from the quartzite by the whole igneous mass of Ben
Arnaboll. The quartzite is, however, thrown east as far as Loch
Hope ; and the junction is then formed partly by the lake, partly by
the River Hope to its mouth. In the hills north-east of Hope
Ferry there is another outburst of igneous rock, here felspar-

porphyry ; and at Whiten Head it again appears in great force

in the line of junction, intruding partly on the quartzite, but

chiefly on the old slates to the east. In this trackless region the

sections are best seen in sailing along the coast ; but one single

fac t is decisive of the true relation of the mica-slate and quartzite

scries. North of Loch Hope Ferry the fucoid-beds and limestone

entirely disappear, and only the lower part of the series, or the

quartzite, comes in contact with the eastern gneiss or mica-slate.

This is the necessary resrdt of the beds along the line of fault

having been more exposed to denudation in the north, during the

gradual elevation of the land, from the wide and stormy northern

ocean, but is quite inexplicable on the hypothesis of conformable

upward succession. It has indeed been asserted that this is not

the quartzite below the limestone, but another quartzite above it.

That this is not the case is, however, proved by the quartzite near

* See Cunningham, Geog. of Sutherland, p. 99, and plate 8. fig. 2. Though
a very acute observer and well acquainted with rocks, Mr. Cunningham has

in tliis and some other instances been misled by the strong Wernerian views on

the origin of certain rocks which he entertained. In consequence of this bias he

entirely mistook the nature of these igneous rocks, which were altogether over-

looked until I drew attention to them in the summer of 18.39. This is also true

of the similar rock on Loch More. Compare IS
T
ote, p. 94.
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Loch. Craggy passing below the limestone of Heilam Hill
;
by the

same quartzite again rising up from below the limestone on the

coast near Tor-a-vu ; and by the fucoid-beds and limestone over-

lying it in regular order in several places south of the road to Loch

Hope Ferry. The occurrence of an upper qnartzite in this place is

thus not merely without proof, but contrary to many clear sections,

and, we shall soon find, has Ho support in any other locality*.

The junction of the quartzite and mica-slate in the hills south of

our first section towards the head of Loch Emboli equally proves

that the mica-slate is the lower formation. In this place the

igneous rock has generally thinned out, or rather, instead of being

concentrated in a single mass or vein, becomes intermixed with the

lower mica- and talc-slates in innumerable fine threads or lines.

So intimate is this mixture, that, in many places, it is difficult

to say whether the rock should be classed as igneous or stratified.

Occasionally, however, larger masses occur, as near the road from

Emboli to Ault-na-harrow, where it forms a boss 50 to 100 yards in

diameter, and in the picturesque rock of Craig-na-feolin. Whether
concentrated in mass or dispersed in threads, the igneous matter is

far more abundant in the lower schists than in the quartzite, the

thick hard beds of the latter having apparently resisted its upward
progress and thus caused it to spread out in the inferior formation.

This distribution, therefore, of the igneous rock is another proof

that the eastern mica-slates are the lower formation, as, on the

supposition that the quartzite was the lower formation, it ought to

have been more powerfully invaded by the igneous rocks than the

schists resting upon it t.

This intrusion of igneous matter, swelling out and expanding the

lower schists along the line of fault, has produced some complexity

in the sections. In many places the quartzites and mica-slate dip

approximately in the same direction, but are separated by a fault,

frequently marked by a low marshy hollow. A more interesting-

section is seen in a small stream above Emboli House (fig. 5). The
upper part of the ridge consists of talcose mica-slates (a) interlaced

with lines of red felspar. The dip near the top is 50°-60°, to E.

* This hypothesis of an upper quartzite requires not merely the repetition of

the so-called " lower" quartzite with its characteristic annelid-tubes and peculiar

mineral characters, but also of a second group of fucoid-beds and a second lime-

stone, identical in order and character with those below ! But if such upper
beds exist, they ought then to have appeared in the Whiten Head sections, and
their absence is thus fatal to the notion of "conformable upward succession"

in this region.

f These strata (chloritic, talcose, and micaceous schists), whatever may be their

mineral character, are riddled by the intrusive rock, and in parts much hardened
and altered."—Murchison, North Highlands, Quart, G-eol. Journ. vol. xvi. p. 235.

In p. 233 Sir R. I. Murchison describes them as "interwoven with the meta-
morphic Lower Silurian strata," i. e. with the eastern gneiss ; and also affirms

that "the granitic felstones and syenites so largely developed in the eastern parts

of Assynt .... rarely, if ever, occur between the limestones and the upper
quartz, but chiefly either in the latter or in the younger or overlying flagstones"

(p. 233). That is, aecording to my view, the igneous rocks are most abundant
in the crystalline schists beloiv, and in the quartzite where in contact with then.
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30° N., but below decreases to 15° or 20°, and the beds are broken
and irregular. Lower down, the burn tumbles over a thick mass of

Pig. 5.

—

Section near Emboli House.

w. a E.

d. Limestone. c2 . Fucoid-beds.

c
x

- Quartzite. c1 . Quartzite.

a. Mica- and talc-slate, with granitoid veins.

quartzite, very indistinctly stratified, but apparently dipping at 66°,

to S. 10° E., and resting on the red fucoid-beds (c
2

) dipping at 50°,

to E. 20°-30° N. Below tbem is a bed of hard reddish quartzite

(c*) dipping 35°, to E. 20° S. ; and further down the common dark

bluish-grey limestone, much fissured and contorted, but with a dip

of about 68°, to E. 30° S. The limestone appears to form all the

under part of the hill and the low ground to the loch. In this

place the quartzite appears to rest on the limestone and dip below

the mica-slate, but the succession of the groups shows clearly that

this is the result of an upheaval and inversion of the strata. The
regular order in the whole north-west of Scotland, from Durness to

Loch Keeshorn, is quartzite (c
1
), fucoid-beds (<r), and limestone (d)

;

and we must either admit this inversion, or make the improbable

assumption that the succession of the deposits has been completely

reversed in the space of a few hundred yards, and only in this very

limited zone along the declivity of this ridge.

The same relation of the beds is seen near the Ault-na-harrow
road, though, from the more powerful intrusion of the igneous rock,

the strata are more irregular in dip and more highly contorted near

the line of junction. The quartzite is so compact as to resemble

calcedony, and shows no marks of bedding. The fucoid-beds and
limestone are in some places nearly vertical, in others more horizon-

tal. The fine-grained talcose mica-slates also, which near* the

quartzite and intrusive rock dip at 35° and 30°, to E. 60° S., further

east dip at 10° or 5°, to E. or E. 15° S. Over the hill, towards

Loch Hope, the dip becomes even lower, so that the undulations of

the strata cause them in many places to dip to the west.

Overlying Red Sandstone and Quartzite of Tongue.—Another
proof of the true succession of the formations in the north of

Sutherland appears in the vicinity of Tongue, about eight or ten
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miles to the east of the sections just described. On the east side

of the Kyle of Tongue several remarkable masses of red conglo-

merate rest on the gneiss. These have hitherto been allowed to

remain in the Old Red or Devonian formation, though separated

from the nearest undoubted Old Red strata, on the east of Strathie,

by an interval of eighteen miles. This summer (1860) I examined
these conglomerates, in the expectation that they might throw some
light on the history of this western region. They consist of rounded
or angular fragments of coarse- or fine-grained gneiss, mica-slate,

granite, felspar-porphyry, and vein-quartz ; but I could find no trace

of the red sandstone, quartzite, or limestone, which now form the

great ranges of mountains in the west. This entire absence of any
fragments of these rocks, which have formerly covered to the depth
of some thousand feet a tract of country forty or fifty miles wide
and more than a hundred miles long, and not ten miles distant,

seems 1 altogether inexplicable on the supposition that the two
deposits are of widely different age—the one Cambrian and Lower
Silurian, the other Old Red or Devonian. The conclusion seems
therefore irresistible that these Tongue conglomerates are identical

in age, as they are in mineral character and composition, with the

red conglomerates and sandstones of the west coast. This identity

is confirmed by the occurrence of the overlying quartzite on Cnoc
Craggie, near Loch Laoghal. The greater part of the hill consists

of the conglomerate overlain on the south side by the quartzite in

thick irregular beds. The preservation of these interesting frag-

ments seems due to the great syenite-eruption of Ben Laoghal,
which has at once hardened the beds and preserved them from
removal by denudation. In this place, therefore, there is clear evi-

dence that so far from underlying all the gneiss of central Suther-
land, the red sandstone and quartzite of the west are again found
resting upon it ten miles to the east of the supposed overlap.

Loch More Section.—The next point to the south where the quartz-

ite is said to be overlain conformably by gneiss is near the north-west
end of Loch More. In Mr. Cunningham's section this relation of the
rocks is very distinct ; but on the ground the phenomena are quite

opposed to this view, as shown by the section fig. 6, the result of a

Fig. 6.

—

Section on the South Side of Loch More.
^' Ben Stack. Craig Dhu. Ben Leick.

c 1
. Quartzite. aa. Gneiss with granite veins. a. Gneiss.

x. Granulite (termed " gneiss " by Mr. Cunningham).

careful examination of the locality in two separate seasons. At the

western extremity of Loch More, the quartzite (c
1

) rests in a long



!)4 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Dec. 5,

bold cliff on the gneiss (a), which forms Ben Stack and the moun-
tainous region to the west coast. Beyond the Lodge, granulite like

that on Loch Emboli breaks up through the quartzite, and may be
traced for more than a mile along the upper part of the mountain,

where it is free from the detritus that covers the slopes near the

road and loch. Mr. Cunningham represents this rock as gneiss* ;

but it is truly unstratified, and its intrusive character is shown by
the quartzite having been pushed up and resting on it in broken

and nearly vertical beds, dipping 85°, to 40° "W. Higher up the

lake this igneous rock meets the gneiss of Ben Leick, exposed in

lofty vertical cliffs, and dipping first 20°, to E. 75° N., and then

15°, to E. 30° rJ. On the south side of the ridge, towards Strath-

na-carrian, the gneiss, full of igneous veins and greatly contorted,

has quite the aspect of the gneiss round Loch Inver and Scourie, but

dips at 40°, to E. 20° S. It seems merely the continuation of the

beds seen in the west part of the section, in Ben Stack. That there

is in this place no conformable upward succession from quartzite to

gneiss is proved not merely by the clear break in the section, but

even more by the quartzite, which, on the north side of Loch Stack

and Loch More, has a thickness of 800 to 1000 feet, as well seen in

the front of Arkle and Foinaven,—on the south side of these lakes

disappearing, except a few fragments not the tenth part of that

thickness. This is the necessary result of denudation over a line of

fault ; whereas no amount of denudation could ever show less than

the full thickness of the deposits in any section of conformable

strata. As shown in the figure, I have been unable to detect any
trace of quartzite or limestone on the east side of the intrusive

rock.

Lochs Glen Coul and Glen Dhu, and Glasven.—The quartzite,

with the same degraded dimensions, ranges across to Lochs Glen

Dhu and Glen Coidf, and in the rugged mountains tbat surround

the inner recesses of these noble sea-lochs is said to be again over-

lain by gneiss. This, however, is a mere optical deception, caused

by the rocks being seen from the low ground or the sea ; as the

quartzite, though dipping eastwards, only abuts on the rounded

knolls that rise up behind, and is generally separated from them by
a low marshy valley. The rock too, described as conformably over-

lying gneiss, is in some places an intrusive syenite, in others true

granitic gneiss, but rising up in nearly vertical masses with a strike

at right angles to the beds on which it has been said to rest. This

* It seems to be the rock thus described :
" Another prominent variety [of

gneiss] exists in a rock almost entirely composed of compact felspar and quartz,

arranged, not in distinct concretions, but, on the contrary, so closely connected

that their linear position can only be detected after atmospherical agents have

partially abraded the felspar. This remarkable gneiss forms some hills on the

south side of Loch More."—Cunningham, Geog. of Sutherland, p. 77.

t In the geological map published in No. 62 of the Quart. Journ. Geol. Soc.

(May 1860), a broad band of ''upper quartz-rock " is laid down in this region.

It is rather remarkable that these same rocks, now described as quartz-rock, were

quoted as a true overlying gneiss both by Macculloch and Cunningham. As
stated in the text, the rook is gneiss (but not overlying) or a syenite.
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is well seen on the south side of Loeh Glen Coul, where the quartzite,

which, only one or two miles south, expands into the great mountain-
group of Assynt, has been denuded almost to a single bed.

The section (fig. 7) of the northern side of Glasven shows the

true structure very clearly. The low hills on the west, near Kyle

Fig. 7.-

—

Section of Glasven.

Ferry-na- Loch-na- Corry
cairn. Ganvich. Derg. Glasven.

e\ Quartzite. b. Red sandstone. a. Granitic gneiss.

aa. Gneiss with hornblende. s. Syenite.

Sku Ferry and Unapool, consist of gneiss and hornblende-rocks, the

strata often at very low angles (dip 12° N. 15° E). They are

covered by red sandstone, stretching south, in a broad terraced

valley, up into the corries of Qneenaig. This valley is bordered on

the south-east by a precipitous cliff of quartzite, formed by a

great sheet of rock, which, sloping down from the summit of

Queenaig, folds over on the south to Loch Assynt, on the north to

Loch Glen Coul. The quartzite is well seen on the west side of

Loch-na-Ganvich, where the burn from the lake has almost cut

through the cliff in a deep ravine, and forms a picturesque waterfall

within a few yards of its exit*. The quartzite dips at 10°, to S.

53° E.. apparently below the ridge of Glasven, hitherto represented

as entirely consisting of quartzite. The east side of the lake, how-
ever, I found was syenite, intermixed with nearly vertical masses

of granitic gneiss running jNT. 10°-15° W. This rock forms the

whole north side of Glasven as far back as the tarn of the Corry

Derg. The high bare cliffs on the south-east of this small lake

exhibit a beautiful section. The northern extremity consists of the

syenite, overlain on the south by undulating beds of
.
quartzite f.

This rock forms the summit and southern slopes of Glasven ; but
the syenite passes below and reappears on the other side of the

mountain. I have again found it in the inner corries of Ben
Uarran and Ben More ; so that it probably forms the axis of the

whole range of mountains. From the Corry Derg it extends north

to Cnoc-na-Craig-Ganvich and the head of Loch Glen Coul, where

* We have here, therefore, a miniature of the phenomena of Niagara and the

American lakes. The erosive action has only to proceed a few yards further in

order to drain the lake ; but from the extreme hardness of the quartzite this may
require a very long period.—See Sir C. Lyell's Travels in North America, vol. i.

pp. 29-46.

t The little tarn is shut in on the north-west by moraines or glacier-mounds.

These on the north, opposite the syenite cliff, are entirely composed of syenite

boulders ; on the south, where the cliff is quartzite, of quartzite boulders, with a

mixed group between.
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the granitic gneiss intermixed with
syenite-veins is seen stretching away
to the east, below the quartzite-heds

of Ben Uie and Ben Uarran, and con-

tinuous with the gneiss of central

Sutherland. Nothing can be more
striking than the contrast between the

dark-grey gneiss and hornblende-rocks

forming the north-east base of these

mountains and the almost horizontal

beds of brilliant white quartzite, which
rest upon them for miles.

Assynt.—The structure oftheAssynt
region is represented in the next sec-

tion (fig. 8), extending from Queenaig
on the west to the south-east declivities

of Ben More. The middle of the sec-

tion shows the strata as seen on the

north shore of Loch Assynt and in

Stronchrubie ; but in the background

I have sketched-in the northern range

of mountains, connecting Queenaig and
Ben More, showing the continuity of

the quartzite round the whole lime-

stone-plateau.

The first formation, on the west, is

the gneiss (a) intermixed with veins of

granite and syenite. It is covered by
red sandstone (b), beautifully seen in

the western declivities of Queenaig,

an

d

r
this by the quartzite (c

1

)
sloping

down from the summit of the mountain

in vast, almost unbroken sheets. As
well seen in Skiag Bum, the dip is

about 10°, and thus probably uncon-

formable to the red sandstone below,

though the great fardts intersecting

the mountains and the protrusion of

igneous rocks render this fact less

certain than I formerlythought. Above
it come the fucoid-beds (c

2
), and over

them the limestone (d), forming the

whole low ground north of Loch
Assynt, from Skiag Bridge by Stronch-

rubie to the foot of the Ben More
mountains. This limestone is the

highest bed in the series, being every-

where troughed by the quartzite. As
this fact is of great importance, and

as it has been affirmed that an upper
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quartzite and limestone occur in this region, a few confirmatory

facts and sections must be noticed.

In ascending the road from Skiag Bridge towards Kyle Sku, the

fucoid-beds and limestone may be seen resting on the quartzite,

almost to the summit of the ridge. Before reaching the foot of

Glasven, however, they thin out, and the quartzite of that mountain

and of Queenaig form one continuous mass, as shown in the section.

That the quartzite of Glasven does not overlie the limestone is

further proved by no trace of limestone being seen in the Corry

Derg (fig. 7, p. 95), where the syenite brings up the bottom beds,

or between the quartzite and gneiss in the noble sections exposed on

the north-east side of that mountain, formerly described.

The same thing is shown by the section from Loch Assynt near

the School-house, in a N.N.E. direction across Cnoc-an-drein.

Close to the lake the quartzite is seen cropping out below the lime-

stone, which forms all the declivity of the hill, and dips to E. 25° to

30° N., at angles ranging from 20° to 40° or more. This diversity

of dip is caused by the intrusion among the strata of irregular veins,

or lenticular-shaped masses of trap, of which I enumerated not

fewer than eight or ten. Near the top of the ridge the qnartzite

appears to rest on the limestone, but is separated from it by veins of

green trap and of dark clove-brown felspar-porphyry. The quartz-

ite (Pipe-rock) dips first E. at 25° to 35°, and then higher up on

Cnoc-an-drein rises to 75° to 80°, at length becoming vertical, with

a N.N.W. strike, having clearly been forced up by the intrusion of

the syenite (shown at s in figs. 7 <fc 8).

The inferiority of the quartzite to the limestone is even more
clearly seen in the Poulan-drein Burn, at the south-east end of Cnoc-
an-drein ; it may also be seen along the whole valley of the Traligill

Biver, almost to the Bealach at the foot of Ben More. Everywhere
the limestone, which in the plateau of Stronchrubie on the south

side of the stream dips towards these mountains, is found to form
a synclinal axis, and on the north side to dip away from the quartz-

ite. The only obscurity in the sections arises from the synclinal

fold in the limestone being conjoined with a great fault in the quartz-

ite, which is thus brought up in enormous crushed masses, so broken
that the lines of stratification can hardly be detected*: this is

especially seen near the foot of Coniveal ; but in no place have I

observed the limestone dipping below the quartzite of these moun-
tains.

In the line of the section no such obscurity exists. Immediately
to the east of Loch Maolack-Corry, well known for its Gillaroo trout,

the Stronchrubie limestone, continuous throughout, rises up into a

hill, and is seen very distinctly dipping at 40°, to W. 40° N., in

* This peculiar combination of faults with synclinals (or what may be named
a " faulted-synclinal ") is very common in Sutherland. It has probably been
caused by the refractory nature of the quartzite, which was more easily broken
than bent. To the same cause we may ascribe the frequent combination of a
crush (or broken and brecciated condition of the rock) with one or both of these

faults and synclinals.

VOL. XVII. PAKT I. H
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slightly undulating beds. On the east side of this hill the limestone

rests on the red shales or fucoid-beds (c
2
), and these in turn on the

quartzite (c
1

), dipping at 20°, to W. 40° 1ST., and rising in great curved
beds to the top of the next hill. The section is so clear, and the

correspondence of the deposits so exact, that there can be no doubt
that this is the east side of the Queenaig synclinal. Still stronger

evidence of this fact may be obtained by tracing the quartzite along

the shore of Loch Assynt and up the Stronchrubie valley*, every-

where dipping below the limestone, till it turns round its southern

extremity and rises up into Brebag. From this mountain the

quartzite may be followed along the bare ledges of rock north to

Ben More, and thence, as shown in the section, round till it again

joins that of Queenaig.

A more interesting confirmation of this peculiar structure of the

Assynt district (the highest of its formations, filling the bottom of

the valley) is furnished by the drainage of its waters. Almost all

the streams from the lofty north-eastern mountains, from Brebag,

Ben More, and Ben Uarran, on reaching the synclinal line in the

limestone, fall into swallow-holes and disappear for a considerable

space. The whole moor is dotted over with round pits, some dry,

some filled with water at the bottom, through which the drainage is

effected. In some places deserted river-beds, only occupied by the

water in rainy seasons, are seen ; in other places the subterranean

torrent is heard rolling along at the bottom of a deep dark cave.

Now all this underground drainage is directed towards Loch Assynt,

the centre of the synclinal, proving that the strata dip to this point,

and not north or east below Ben More or Brebag. The water de-

scends through the limestone to the quartzite, and is again thrown
out on the surface by this impervious stratum, often in very copious

springs f.

There is thus, in this place, no " upper quartz-roek " resting on

the Stronchrubie and Assynt limestone, and the hills referred to this

newer formation clearly consist of the quartzite below the limestone,

brought up over an anticlinal. Singularly enough, too, some of

these so-called " upper " or " newer quartz-rocks " are even an older

formation than the lower quartzite. When examining Canisp and

Queenaig, I was struck by the peculiar aspect of some of the hills on

the eastern side of Stronchrubie, usually classed as quartzite. From
their reddish colour I thought that they probably consisted of felspar-

porphyry, like that of Loch Borrolan ; but on examination I found

that they were formed of red sandstone, identical in character with

* In my former paper (Quart. Journ. Geol. Soc. vol. xiii. p. 25) I stated that

the Stronchrubie limestone and the underlying quartzite had "probably been

brought up by a fault." Several faults in the line of that section are well seen

in the face of the Stronchrubie cliff; but, as shown in the present section, the

limestone and quartzite are brought up rather by undulations in the beds and
the general rise of the synclinal than by these faults. Compare Quart. Journ.

Geol. Soc. vol. xvi. p. 221 (note J).

t I estimated the flow of the "Eemarkable Spring" above Stronchrubie at

7000 gallons per minute, after some weeks of dry weather.
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that of Queenaig and Suilven. In the corries of Ben More similar

beds occur, resting on gneiss or mica-slate (as shown in the section)

;

and there can be no doubt that this is the true western Red Sand-

stone (" Cambrian " of Murchison) brought up in the centre of the

so-called " upper quartz-rock," and that the synclinal is thus com-
plete in all the formations from the upper limestone to the lowest

gneiss.

The eastern extremity of the section shows the true structure of

Ben More, as exposed in the wild corries round the Dhu Loch More.

Granitic gneiss and mica-slate, with intrusive igneous rocks, form

the nucleus of the mountain, throwing off the quartzite all around,

as from a great centre of elevation. Further west an enormous
mass of beautiful binary granite rises into a group of rugged moun-
tains, quite unlike the quartzite with which they have hitherto been
confounded*. Taken in connexion with the Loch Borrolan por-

phyry, with which it is probably continuous, this granite must pro-

duce most powerful disturbance along the south-east border of the

quartzite ; and we can easily understand how observers who ignored

or overlooked its existence should mistake the true relations of the

stratified rocks it has affected f.

Loch AilsJi Section.—It is, again, affirmed that in the vicinity of

Loch Ailsh and the higher part of Strath Oykill, the " upper quartz-

rock " forming the Assynt mountains " is overlain by a second zone

of limestone," and both " conformably surmounted by upper mica-

ceous, chloritic, gneissose, flaggy strata. . . .'for several miles across

the strata*." My examination of the locality last summer (1860) by
no means confirms these views. The " upper quartz-rock " is simply
the continuation of the quartzite of Brebag and Canisp, and the
" second zone of limestone " merely the repetition, in a denuded
form, on the other side of the anticlinal, of the limestone of Stron-

chrubie and Assynt. Any slight change in the colour or character

of the strata is readily accounted for by the intrusion of the red

porphyry of Loch Borrolan, which probably at no great depth under-
lies the rocks shown in the section (fig. 9).

This section begins on the west, at Cnoc Chaorinie, with a hard
reddish or clove-brown hornstone-porphyry (x) with distinct cry-

stals of felspar, but probably only a semifused mass of the quartzite.

* In justice to Mr. Cunningham, it must be stated that the greater portion of

these granite mountains lie in Ross-shire, and thus beyond the limits of his map.
t In the Quart. Journ. Geol. Soc. vol. xvi. p. 232, it is stated that " no ig-

neous rock has yet been observed to be associated with the lower quartz-rock of

Assvnt ;" and that the " large crystalled porphyry " of Canisp may be considered

"for the present to be characteristic of the Cambrian age in the North-western
Highlands." In 1859, 1 found that this very beautiful porphyry not only breaks

though the quartzite of Canisp, but forms a mass more than a mile in diameter
.in the same " lower quartz-rock," within a few hundred yards of the inn of Inch-
na-Dam£f. It is thus of later date than either the Eed Sandstone or Quartzite,

and is one of those powerful agents affecting the relations of these and the other

strata which have hitherto been overlooked.

I Sir It. I. Murchison, "Supplemental Observations on the North of Scot-

land," Quart. Journ. Geol. Soc. vol. xvi. p. 223.

H 2
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It passes up into great masses of red hornstone or hardened quartzite

(c
1

) mixed with fragments of limestone, and dipping very irregu-

larly at about 20°, to E. 10° N. A true quartzite succeeds, dipping

Fig. 9.

—

Section near Loch Ailsh.

Cnoc-Chaorinie. Alt-Ellag.

c1
. Quartzite. c2 . Fucoid-beds. a. Chlorite-slate and gneiss.

x,pl,p2
. Porphyries.

at 25°, to E. 10° S., and overlain by irregular masses of red lime-

stone. Red felspar-porphyry (p
1

) follows, then quartzite, dipping

at 35°, and then the fucoid or slaty beds (c
2
) intercalated with red

limestone and quartzite, and dipping at 43° to 30°, to E. Passing

over a low ridge, the next beds seen are hardened quartzite, dipping

at 50°, to E. 20° S. A small stream descending from the hill marks
a line of fault ; and beyond it beds of chlorite-slate, beautifully con-

torted, and resembling marbled paper on the cross-fracture, occur.

A second vein of red felspar-porphyry (p
2

) follows, and then fine-

grained quartzose gneiss, dipping first 20°, to E., and then 40°, to

E. 40° S. From this point to Alt-Ellag (a distance of half a mile),

the rocks are fine-grained slaty gneiss in undulating beds, but the

dip gradually falling to 23°, 18°, and 16° at the Bridge. The same
fine-grained, micaceous, undulating gneiss continues down Strath

Oykill to Rosehall, but in all the lower part of the valley, beyond the

influence of the porphyry and granite on the west, has a persistent

N/W. strike and S.W. dip (dip 45°-50°, to S. 15°-25°W.*).
The facts just stated leave little doubt as to the true relations of

the beds in this section. The only obscurity arises from the strata

being much concealed by soil and grass, and only visible at intervals

where they crop out on the surface, and, from the repeated intrusion

of igneous masses, modifying the usual aspect of the rocks. The
lower part of the section is evidently the quartzite hardened and
altered by contact with igneous rocks : the centre is no less plainly

the fucoid-beds, intermixed with some thin beds of red limestone

and quartzite. Over these, had the series been complete, the dark-

blue or grey limestone ought to have appeared, but is wanting in

this place ; then follows the gneiss, probably crushed out of. its do-

minant north-west strike in the lower Strath Oykill by the intrusion

of the western porphyry and granite. The remarkable change in

the dip on both sides of the line of junction proves the existence of

a fault ; but the absence of the limestone is specially fatal to the

opinion that there is here " conformable upward succession." This

absence is the more remarkable from its occurrence in full strength

at Elphin to the south, and also on Loch Ailsh to the north. I fol-

lowed the limestone along this north line till it was cut out by the

* See also the dips on Cunningham's map.
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granite, but I could find no place where it is seen to dip below the

gneiss. Even in the deep ravines of the Alt-na-CaiUich, close to the

line of junction, where the eastern gneiss is exposed for a thickness

of some hundred feet, I could discover no limestone below it. This

is the more remarkable as, from the enormous protrusion of igneous

rocks on the west, some such anomalous features might have been

expected to occur*.

Elphin and Craig-a-Chnockan.—Having now noticed all the sec-

tions adduced in proof of the eastern gneiss overlying the limestone

and quartzite, I shall pass more rapidly over some others in the

southward extension of the line of fracture, though not less in-

teresting and instructive. To the south of Loch Borrolan and the

Strath Oykill road the country is flat and obscured by moss and drift,

but the limestone and quartzite appear to be thrown west to the east

end of Loch TJrigill. The whole eastern anticlinal of Ben More and

Brebag has in this region been swept away, and the line of junction

is in the continuation of the synclinal passing through the Gillaroo

Loch. So extensive has been the denudation of the overlying quartz-

ite and limestone that the gneiss is almost continuous from west to

east. True granitic gneiss with syenite-veins is seen very distinctly

at the east end of the Camaloch, whilst, according to Mr. Cunning-
ham, gneiss also extends from the upper part of Loch Urigill into

the Cromalt Hills.

Bound Elphin the limestone is very well seen, resting, as usual,

on the fucoid-beds and quartzite (dip 12°-15°, to E. or E. 10° S.).

These beds are very fully exposed for some miles, and their relation

to the eastern gneiss clearly shown in the precipitous cliff of Craig-

a-Chnockan, below which the Ullapool road passes. The section

Fig. 10.

—

Section on the Ullapool Road, near Elphin.

d. Limestone. c". Fucoid-beds. cK Quartzite. b. Red sandstone.
a. Gneiss. • x. Granitic vein.

fig. 10 shows the structure of this place. In the west, Coulmore
consists of the Bed Sandstone. The valley below is quartzite, ex-
tending up to the cliff of Craig-a-Chnockan. In the line of section it

dips 12°-15°, to E. 40° S., and is covered by the limestone. Further
east the limestone rises up and thins out, and the quartzite comes

* The section fig. 5 (p. 223 in Quart. Journ. Geol. Soc. vol. xvi.), though said
to occur to the east of Alt-Ellag (where I am not aware that any quartzite or
limestone is to be found), probably refers to this locality ; but I could observe
no place where the beds rest connectedly on each other as there represented.
Even m it, however, the sequence is broken by " hornstone-porphyry ;" and the
"gneissose limestone" is perhaps also an intrusive rock. The absence, too, of
the fucoid-beds and limestone idHheir normal form is opposed to any regular
upward succession in that section.
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to the surface, followed (still to the east) by fine-grained gneiss,

much curved and contorted, but dipping at 35° to 50°, to S. 5° "W.

In this line a thin vein of granite or syenite, like that on Loch Em-
boli, intervenes. Further south, on the Ullapool road, the line of

junction intersects the front of the vertical cliff, and the strata are

well exposed. The quartzite, dipping at 5° or 6°, and covered by
the fucoid-beds and limestone, comes within a few yards of the gneiss.

A thick, strong bed of the quartzite then dips down at 12°, as if

below the gneiss, whilst the thinner fucoid-beds above are curved

and fractured and the limestone broken suddenly off. The dark-

coloured, thin-bedded gneiss dips at 20°, and is traversed by innu-

merable fissures, filled with thin lines of the granitic rock, running

up the face of the cliff, from which, a little to the south, a large

mass of trap protrudes. Had the strata been less clearly exposed,

the gneiss might have been supposed to overlie the quartzite ; but

the fracture and contortion of the beds, seen even in hand-specimens,

and particularly the manner in which the limestone and fucoid-beds

are cut out, prove that there is, in this place, not " conformable

upward succession," but a line of fault with powerful lateral com-
pression.

Loch Broom.—The next point to the south where the rocks are

well seen is the vicinity of Loch Broom, described in my former

paper*. As there stated, the quartzite is cut off from the gneiss by
a thick bed of intrusive rock, in some places a felspar-porphyry, in

others near the limestone inclining to serpentine, but generally

identical in character with the rocks in the same position in the

previous sections. This summer (1860) I again visited Loch Broom,

but saw little to add to my former memoir, except that the porphyry

or igneous rock is more extensive than represented in the sections,

and, rising up in a wider mass below, separates the eastern gneiss

more strongly from the quartzite. I must also call attention to the

fact, exhibited in the sections, that, whilst on the north shore the

series of the quartzite group is complete, on the south side of Loch
Broom the limestone above has been entirely cut out.

Loch Maree and Gairloch.—In my former paper I described some
sections in the vicinity of the Gairloch and Loch Maree. I have

since examined the mountains round the upper portion of that most

beautiful lake, and the line of junction between the quartzite and

gneiss with some care; and the section (fig. 11, p. 104) shows the facts

as seen on the north side of the loch. In the west there is, first, the

red sandstone (6), dipping west at a low angle, as seen near Pol Ewe
and the Gairloch. Then follows the gneiss, as formerly stated, often

a fine-grained grey rock with intercalated beds of mica-slate, in Ben
Lair, with hornblende-strata. Near the head of the loch the red

sandstone cone of Sleugach rises above a basis of gneiss, forming one

of the grandest mountains in this truly mountain-region. The
gneiss, generally red or grey and highly crystalline, where seen

below the red sandstone dipped 70°-80°, toW. 20° S., and hence has

* Quart. Journ. Geol. Soc. vol. xiii. (1856) p. 18-24 and figs. 1 & 2.
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a N.W. strike. Where it meets the red sandstone the surface is

very rugged and uneven, and the beds above are often, as noticed on

the Grairloch, a coarse angular breccia. The red sandstone dips 15°,

to S. 33° E. In the mountain, east of Sleugach, and separated from

it by a deep ravine, the red sandstone is covered by the quartzite,

which continues along the summit of the ridge to Glen Laggan.

The red sandstone, however, forms the foot of the hill to the head

of the loch; but further up a great mass of igneous rock (s) (a fine-

grained syenite, or rather diorite) forms the base of the hill, covered

by broken masses of quartzite and limestone. In the valley of the

Laggan the limestone (cl) has been quarried in several places, dip-

ping to E. 20° S., but much altered by the diorite (s), which forms

a wide mass, running for several miles along the valley. The other

side of the valley consists of grey granitic gneiss (a), in some places

more quartzose, in others fine-grained and micaceous, and dipping

15°-30°, to E. 30°-40° S. In the low ground, however, near the

mouth of the glen, grey granitic gneiss occurs, dipping at 60°-70°, to

E. 45° N., and thus with a true N.W. strike, though on the east

side of the fault and of the quartzite*. In this place, though the

formations are only separated by a deep and narrow valley, yet the

quartzite is nowhere seen dipping below the gneiss on the east, nor
the gneiss resting on the quartzite on the west.

In the low ground near Kinloch Ewe, the gneiss is seen in the

bed of the river near the inn, dipping 10° to S. 45° E., and about a

quarter of a mile west the red sandstone forms some low rounded
knolls. The intervening space is thickly covered by detritus

;
but,

from the dip of the beds, the red sandstone here is probably in con-

tact with the eastern gneiss, the limestone and quartzite having
been entirely denuded. The quartzite, sloping down from Ben Ey,
covers the red sandstone on the south, but at the foot of Loch Clair

is again thrown out, so that the eastern gneiss and red sandstone are

brought into contact. The same relation also appears to occur in

the wild country towards Loch Carron. Anyhow we find in this

region that the limestone, forming the upper portion of the quartzite

series, only occurs in rare fragments, where left behind in the de-

nuding process, so that the phenomena are quite opposed to any
theory of continuous upward succession.

In regard to the relation of the quartzite and red sandstone in

this region, they seem to be generally conformable to each other. I

infer this, rather from the view of the two formations as exposed in

the mural precipices of the mountains, than from direct observation

on the beds. This general parallelism is very marked in Leagach,
one of the loftiest mountains on the west coast, and, as the appear-
ance is the same whether the hill is looked at from the north or

south, can hardly be a mere optical effect. In Ben Ey (a mountain
nearly as high, but more picturesque), the same parallelism appears.,

and is the more striking from both the red sandstone and quartzite

* It may thus be regarded as the other side of the anticlinal to the beds seen
under the red sandstone of Sleugach.
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having been tilted over towards the line of fault on the east, as shown

in the sketch* fig. 12.

Fig. 12.

—

Section of Ben Ey and Leagach. Seen from the north.

e. Quartzite. b. Red sandstone.

Loch Torridon and Loch Garron.—Immediately south of Loch
Maree and the Gairloch lies the wild unfrequented district of Loch
Torridon. On the shores of this most magnificent sea-loch, and in

the lofty mountains that surround it on every side, there is some of

the grandest scenery in Scotland, and at the same time some of the

most instructive geological sections. The whole structure of the

mountains is clearly exposed in the naked precipitous walls of rock,

built up, layer above layer, in the most majestic piles of masonry.

How geologists could traverse this region, and yet believe that the

great Red Sandstone formation of Applecross and the West Highlands

was superior to the quartzite, is hard to understand ; and yet this

was regarded as an established fact up to the publication of my paper

on the N.W. Highlands in 1856.

The lowest formation is, as usual, the gneiss, well seen on the

narrows near Sheildag, where, its dip is N.E., and commonly at a

considerable angle. It rises to a height of 2000 to 3000 feet in Ben
Ailigin and the Gairloch mountains, but is in most places hidden by
the red sandstone. On the lower loch the red sandstone generally

dips west at 8° or 10°, but often higher near the outer headlands.

In many places it seems almost horizontal, as in the lofty moun-
tain of Leagach, where it is covered apparently in conformable

superposition by the white quartzite. On the upper Loch Torridon

the dip changes to the east, and then retains this direction through-

out. As shown in the section (fig. 13) of the mountains east of

Loch Torridon, it is still overlain by the quartzite. In this most
remarkable section, the red sandstone, always dipping to the east,

and covered by its capping of quartzite, is again and again brought up
by faults ; and this not only on the summits of distinct moivntains,

but no less than five times in a single continuous ridge. Had only

a surface-view been exposed, as each fragment of quartzite seems to

dip below the next one of red sandstone, it might have been supposed

that the rocks alternated with each other ; but no such mistake can

be made in this place, as the true structure of the mountain, to a

depth of some hundred feet, is clearly exhibited in the vertical escarp-

* This rough sketch, taken from the plateau on the north, shows only about
half the true elevation.
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ments of the mountain, and repeated with equal distinctness in the

corresponding precipices on the other side of the valley. It is im-
possible to give verbal details ; but the figure, imperfect as it un-
avoidably is, represents the facts more distinctly than words. It is

clear that the quartzite is mere fragments of the upper formation,

brought down repeatedly by faults, and in some cases even forced in

below the inferior red sandstone by enormous lateral pressure. This

very clear natural section thus tells us the structure of the N.W.
Highlands, and the true nature of those apparently anomalous
sections which have puzzled observers in other parts of the line of

junction.

The most critical point of the section is at the eastern extremity,

where the red sandstone and quartzite meet the gneiss or, rather,

mica-slate. Near this point the quartzite, still resting on red sand-

stone, is thrown down some hundred feet below its former level.

Repeated slips take place, still further depressing the quartzite and

red sandstone, the latter dipping at about 15°, until near the line of

junction, where both the quartzite and sandstone dip at 33°, to S.

55° E. An irregular, but nearly vertical, line of favdt here separates

them from the mica-slate, dipping on the whole at 40° or 50°, to S.

or S.E., but in some parts ranging from 15° to 60°, and dipping in

various directions from N.E. to S.W. It forms but a mere coating,

as it were, on the front of the hill, and is in part intermixed with

compact syenitic rocks, which may explain the irregularity in the

dip and direction of the beds. In this place, therefore, there is no

overlap of the gneiss on the quartzite, but the two formations meet,

end to end, along a line of fracture. It is also noteworthy that in

this section the red sandstone does not thin-out before the quartzite,

as in some of the northern localities, but comes up almost into con-

tact with the gneiss.

Another section in the hills between Loch Carron and Loch Kees-

horn (fig. 14) exhibits the same relation even more clearly. In this

Eig. 14.

—

Section near Loch Carron.

Roustag. Meal-na-Damb.

c1. Quartzite. b. Red sandstone.

a. Talcose or chloritic schist, with granitoid veins.

place the quartzite, resting on the red sandstone, rises into some
lofty mountains. Near the line of junction it dips at 50° to 60°, to

E. 2U° S.. but is fractured and broken, and small fragments of the

limestone are involved between it and the talc or chlorite-slate.

This rock is much intermixed with veins of red granitoid matter,

and dips very irregularly at angles of 20° to 30°, to E. 15° to 45° S.,

but in part at low angles nearly north. A small stream, running
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down the side of the hill, along the line of junction, has fully ex-

posed the connexion of the two rocks, but in no place could I find

the talc-slate resting on the quartzite. Had the beds been continued

in the dip, so as to pass below the slate, this could scarcely have
failed to be visible.

In my former paper there is a section of the Loch Keeshom lime-

stone*. I have since examined the district more carefully than I

was then able to do. I have now ascertained that the limestone

rests on the quartzite, which in one place dips at 15°, to S. 40° E.

The limestone is, as usual, more broken and irregular, but near the

bridge to Applecross it dips at 64°, to E. 8° N. The talc-slates on the

east have a dip of 20°, to E. 30° 1ST.; and, on the whole, lower angles

than those given in my former paper seem to prevail in these beds.

Granulite and hornblende-rocks, however, abound near the fine of

junction ; and I was still unsuccessful in finding any point where the

talc- or mica-slates overlap the limestone or quartzite. I have now
no doubt, from the facts seen at the junction in other places, that the

limestone and talc-slate are divided by a line of fault. The occur-

rence of the limestone in this position, though quite analogous to

what is seen in Assynt, is very important. It lies in a low valley

at the foot of the red sandstone hills of Applecross, more than 2000
feet high, and, as its regular position is above the quartzite, it must
have been thrown down from fully 3000 feet. It must at one
time also have been far more widely distributed

; fragments of it,

some only a few feet or yards in diameter, being found in many
places, let in (as it were) along the line of junction of the quartzite

and crystalline schists. There is thus evidence of a most enormous
amount both of disturbance and denudation in this region ; and also

proof that, where the quartzite meets the talc-slates or gneiss, with-
out the intervention of the limestone, whatever may be their appa-
rent relations, there cannot possibly be a true conformable upward
succession.

South of STcye.—The section of the southern part of Skye given in

my former paper (fig. 7, p. 31) offers similar proof that the red sand-
stone does not dip under, but rests unconformably on, the eastern

gneiss, and this gneiss dipping S.E., and identical in mineral cha-

racter with that of the mainland. The red sandstone dips W.N.W.,
and is clearly continuous with that of Applecross and the North-west.
The section is so clear and decisive that I can do nothing more than
refer to the description in my former paper f.

General Considerations.

The sections now noticed, at short intervals along the whole line

of junction from north to south, seem quite decisive of the true re-

lations of the quartzite and eastern gneiss. They have not been
selected as more favourable to my own views than others that might

* Quart. Journ. G-eol. Soc. vol. xiii. p. 29. fig. 6.

t Quart. Journ. Geol. Soc. vol. xiii. p. 31. In the sketch-map. in vol. xv. pi. 12,

this underlying gneiss is coloured and lettered the same as the so-called over-
lying gneiss in Sutherland.
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have been chosen, but are those brought forward as the proofs on

which the opposite theory is founded
;

yet in not one of them have

we found that regular continuous upward succession which this

theory requires, but in every one of them irruptions of igneous in-

trusive rocks, and other indications of faults and disturbance, de-

priving them of all weight as evidence of regular order. Here,

therefore, I might have left the question, satisfied with this appeal

to special sections ; but there are a few more general facts, leading

to the same conclusion, which require a short notice. In order to

perceive the full force of these facts as bearing on the present ques-

tion, it must ever be kept in mind that this region has undergone a

most enormous amount of denudation—strata of at least 2000 to

3000 feet in thickness having in some places been swept away from

the surface
;
consequently, if there be here a line of conformable

overlap, all the beds that dip east (the so-called " upper gneiss,"

the limestone, and quartzite) must have originally extended much
further to the west.

First. The mode of distribution of the rocks is altogether incon-

sistent with the hypothesis that the eastern gneiss overlies the red

sandstone or quartzite. The red sandstone, with a width from east

to west of thirty to fifty miles, is seen in innumerable places—at

Stornoway, Cape Wrath, Assynt, Gairloch, Skye, resting for miles

in all directions on the gneiss. So also the quartzite, with a breadth

of ten or twelve miles, is everywhere clearly seen to rest on the red

sandstone. Mile after mile, from north to south and east to west,

from mountain-top to mountain-top, from valley to valley, this rela-

tion may be traced. And thus also it is with the limestone, though

this formation is now of such Hmited dimensions. In every locality

where it occurs—Durness, Emboli, Loch More, Assynt, Ullapool,

Loch Maree, Loch Keeshorn, it is seen resting on the quartzite.

This relation can be traced round and round isolated masses of the

limestone, and across synclinal basins of miles in extent. But how
does it stand with the next step in the series, the so-called " upper

gneiss " or mica-slate ? This gneiss extends for fifty or a hundred

miles to the east, and, we are told, conformably overlies the quartz-

ite or the limestone, for a hundred miles from north to south ; and

for what distance to the east or west of the line of junction has this

overlap been observed ? Nowhere for more than a few feet, or yards,

at one or two widely separated intervals, has this overlap ever been

even alledged to occur. "We seek in vain for any isolated portion of

mica-slate resting on quartzite or limestone, on the west of this line

of supposed overlap ; and it is as fruitless to ask which of the thou-

sands of lofty gneiss-mountains on the east reposes on a basis of

these so-called older rocks. Such a thorough diversity in this step

in the series from all those that precede, and from all the known
relations of overlying beds in other countries, proves that here no

such overlap takes place.

Second. The diversity in the strata brought into contact with

the eastern gneiss proves that the line of junction is along a fault,

and not one of conformable upward succession. Where a series of
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beds rest conformably on each other, no amount of denudation can

ever alter their order, or cut out one or two members of the series ;

but along a line of fault the case is just the reverse : always, as

denudation proceeds, older and older beds will be brought to the

surface, and thus into contact with the gneiss. This will be readily

understood from the diagram fig. 1. As drawn, the limestone d is

shown in contact with the eastern gneiss a. A small amount of

denudation would bring first the fucoid-beds c
2
, then the quartzite

c
x
, the red sandstone b, and even the western gneiss, into contact

with the eastern gneiss. On the other hand, in the contrasted

section (fig. 2, p. 217) in vol. xvi. of the Journal of the Society, it

is evident that no amount of denudation could ever bring the

gneissic flagstones d 2 on the east into contact with the lower lime-

stones c
2 or quartzite c

1

, and still less with the Cambrian sandstone b.

But my sections show (and the fact cannot be disputed) that in

some places the limestone, in others (and more often) the quartzite,

in others the red sandstone, thus come into contact with the gneiss.

As a marked instance, I may refer to Loch Maree, where, in less

than a couple of miles, all these relations may be seen, as denudation

has been more or less extensive. In the hill on one side of the valley

it is limestone, in the low ground in the centre the red sandstone, and
then, on the other side, the quartzite. How " conformable upward
succession " can explain such relations I cannot comprehend.

Third. That there is here a line of fault, and not of conformable

overlap, is proved by the nature of the formations. Though along

the line of fault, and especially where the disturbance has been

most violent, the quartzite is often much hardened and semifused,

still it is a decidedly fragmentary, granular rock. The gneiss or

mica-slates, said to rest on it, are no less distinctly crystalline in

structure. This is true even of the finest-grained of these strata.

Now, before we can accept the theory of superposition, this fact must
be explained. That a truly crystalline metamorphic rock should

rest on deposits, thousands of feet thick, of unaltered sandstones

and limestones with fossils, is so improbable, so contrary to all the

established principles of geology, that nothing but the most un-
doubted evidence and the failure of all other methods of explanation

would justify us in admitting the fact. In the Alps, where such
superposition of crystalline on unaltered strata is seen, the most
distinguished and experienced geologists have found it " necessary to

admit that the strata had been inverted, not by frequent folds ....
but in one enormous overthrow, so that over the wide horizontal

area, the uppermost strata, which might have been lying in troughs

or depressions due to some grand early plication, were covered by the

lateral extrusion over them of older and more crystalline masses*."

* SirR. I. Murchison, " On the Structure of the Alps, &c.," Quart. G-eol. Journ.
vol. v. p. 248. I need hardly say that no locality is known to me in Scotland
where the crystalline strata overlie the limestone or quartzite in the clear manner
shown in the section (fig. 28, p. 246) to which the above extract refers. The
phenomena in some parts of Sutherland are more closely represented by fig. 4,

p. 182, fig. 16, p. 203, and fig. 19, p. 209, of the same valuable and instructive

memoir.
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A comparatively very small amount of inversion and extrusion of

older crystalline masses will suffice to explain any of tlie Scottish

sections, even as drawn and described by the advocates of an over-

lying " younger gneiss." That such inversion and extrusion of

older masses on younger (though not of gneiss on quartzite) do

occur in this region of Scotland, and close to this line of fault, is

shown in the section of Sailmhore (fig. 13, p. 104) ;
and, until some

rational theory is produced of the mode in which an overlying

formation, hundreds of square miles in extent and thousands of feet

in thickness, can have been metamorphosed, whilst the underlying

formation, of equal thickness and scarcely less in extent, has escaped,

we shall be justified in admitting inversions and extrusion equal to

those in the Alps.

Strike of the beds.—Two general facts have been adduced in proof

of the diversity of age of the gneiss on the west coast of Sutherland

and that forming the interior of the country—the diversity in strike

and in mineral character. Now it is evident that the relative age of

the gneiss in these two regions is an entirely different question from
the question whether or not the eastern gneiss overlies the quartzite.

I have more than once stated that the gneiss of Scotland probably be-

longs in part to distinct geological periods, and have specially pointed

out " the great tract of gneiss with associated quartzite and limestone,

stretching from Aberdeenshire through Perthshire to the Breadal-

bane Highlands of Argyleshire, as a newer formation*." And such

newer beds might also occur in Sutherland and yet not overlie the

quartzite. In regard to the strike of the gneiss, I mentioned in my
former paper that in the western region " its general direction was
to the N.W.," whereas, as Macculloch had long before stated, in the

centre of the country it was more commonly " to the south-east-

ward f." But this distinction is not universal. The mica- slate of

Far-out Head clips to the S.E.
;
and, as Mr. Cunningham shows,

the gneiss round Canisp and Suilven has also a N".E. strike, and a

similar strike with S.E. dip is common in the south of the Lewis.

On the other hand, a N.W. strike prevails in Strath Oykill and the

lower part of Loch Shin, and in Ross-shire similar diversity occurs.

This sudden and entire change in the strike of the rocks in different

parts of the Highlands is, however, a very marked feature, and is

clearly connected with that peculiarity of structure exhibited by the

previous sections. The country does not consist of one large mass

of strata, but of fragments, irregular in form and of more or less

extent, and each subject to its own laws of position. They may be

well compared to the shoals of ice seen on a river-bank in spring,

each turned in its own direction, with little reference to the frag-

ments beside it.

There can be no doubt, however, that the country has undergone

a very general disturbance subsequent to the deposition of the

* Note explanatory of the Geol. Map of Scotland, pp. 2, 3 ; and the Section

engraved on the Map. See also " On the Slate Rocks of Easdale, &c.," Quart.

Journ. Geol. Soc. vol. xv. p. 110.

t Quart. Journ. Geol. Soc. vol. xiii. pp. 35, 37.
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quartzite, throwing it over in large fragments to the S.E., indepen-

dent altogether of the present strike or dip of the heds. This is

clearly shown on the west side of Loch Emboli, where the quartzite,

with the inferior gneiss-platean on which it rests, have both a dip

to the S.E. This is also true of the great plateau of gneiss on which

we must suppose the quartzite of Eoinaven and Arkle, now dipping

at 20° to the S.E., to have been laid down in nearly horizontal

masses. So also on Loch Maree and Loch Carron, there is evidence

of the upturn of the formations in enormous fragments. Further

east, the same overthrow of the masses from the JNT.W. is evident in

the form of the hills and in the position of the newer formations of

the east coast. The cause of this most remarkable convulsion must

be sought in some more powerful agent than any of the masses of

igneous rocks now visible on the surface in this part of Scotland.

Mineral character,—The diversity in the mineralogical character of

the rocks has also been often alleged in proof of the overlap of the

eastern gneiss. Now it must be stated that, though Dr. Maceulloch

coloured the whole of central Sutherland as gneiss, yet Mr. Cunning-

ham recognized that some portions of it were mica-slate ; and the same
distinction appears in subsequent maps. In comparing the gneiss of

the east with that of the west, such mica- and chlorite-slates must
of course be" set aside, though it is undoubtedly true that they are

quite as crystalline in texture, and as distinctly separated from

the true sedimentary formations, as the gneiss. In regard to the

gneiss itself, Mr. Cunningham, undoubtedly both a competent and
an unprejudiced observer, states that " the mineral characters of

both " (the eastern gneiss, which he believed to overlie the quartzite,

and the western, which underlies it) " are essentially the same*,"
and expressly affirms that " he has never found any indications of

mechanical action on its individual constituent minerals f." It is

no doubt true that " hornblendic varieties of gneiss are very cha-

racteristic of this formation in the west of Sutherland %;
" but the

more usual kinds also occur, and in the Gairloch district its general

aspect " is a light or dark grey, finely granular rock, interstratified

with beds of mica-slate §." In Far-out Head, again, it is a true

mica-slate, identical in mineral character (as it is also in dip and
direction) with that on Loch Hope and the Kyle of Tongue.
On the other hand, rocks quite as hornblendic and as thoroughly

granitic in character are common in the eastern gneiss-district.

Such rocks may be seen near Strath Naver, Strathie Point, and on
the borders of Caithness in Sutherland ; at Auch-na-Sheen and Loch
Carron in Ross-shire, and at Glen Elg and Isle Oronsay in Skye in

Inverness. Further east, in Banff-, Aberdeen-, and Kincardine-

shires, they are perhaps the more common varieties. In truth,

this peculiar character of the rock has no relation whatever to its

age or locality, but only, it would appear, to its proximity to the

* " Geog. of Sutherland," Trans, of Highland Society, vol. xiii. (1839) p. 101.

t lb. p. 78.

\ Nicol, " Quartzites of N.W. Scotland," Quart. Journ. Geol. Soc. vol. xiii.

(1857) p. 24. § lb. p. 28.



112 PROCEEDINGS OP THE GEOLOGICAL SOCIETY. [Dec. 5,

great foci of igneous action. Wherever we find granitic and sy-

enitic eruptions, there the gneiss appears in these more coarsely-

crystalline and hornblendic forms. Any person who examines the

western gneiss carefully will find these varieties prevailing only in

places where intrusive granite and syenite rocks abound, as, for

instance, near Scourie and Loch Inver, in parts of Lewis and

Harris, and on Loch Greinord. And it is these intrusive igneous

rocks, or rather the interior masses, of which these veins are the

mere external indications, which have expanded, and tilted up the

western gneiss, and thus produced that line of fault and compres-

sion which I have pointed out in the sections above described. So

far, therefore, from furnishing any objection to the theory main-

tained in this paper, the fact that the western gneiss has been thus

powerfully interlaced, swollen out, and modified, by veins and beds

of red granite, syenite, and other hornblende-rocks, by furnishing

a veritable and sufficient cause for the fracture and disturbance ob-

served along the line of junction, adds one more proof of its truth.

It is often assumed that the fine-grained gneiss, mica-slate, and

clay-slate are younger than the coarse-grained gneiss and horn-

blende-rocks ; but on what grounds I have nowhere seen stated. In

the Southern Grampians I have shown that the very reverse relation

prevails, and that the clay-slates and mica-slates may be seen

troughing the central gneiss both on the south-east and north-

west. We see this along the great line of fracture intersecting the

primary formations, from the Murray Firth to the Linnhe Loch, and

still more on the southern margin of the Grampians. This remark-

able line of fracture, dividing the Old Red Sandstone from the pri-

mary formations, is the exact counterpart of the great line of fracture

now shown to exist in the north-west. As in the south, Ave find it

bringing up fine-grained gneiss, mica- or talc-slate, and even clay-

slate, succeeded further to the east by coarse-grained and hornblendic

gneiss.

Conclusion.

Before concluding, I must state that, even had it been proved that

the mica-slate or fine-grained gneiss of Sutherland truly overlaps

the quartzite, and that this overlap is the result of subsequent de-

position, the fact would not bear out the conclusions that have been

deduced from it, or establish that entire revolution in Scottish geology

which has been supposed. Proof would still be wanted that the

mica-slate of Loch Emboli and Loch Hope is inferior to the great

masses of granitic gneiss in the centre of Sutherland. We might
ask for a continuous section through the interminable moors of the

Moin, and for evidence that the Kyle of Tongue and the huge syenite

domes of Ben Laoghal and Ben Stomino do not break the series and

bring up anew the lower and older gneiss. But such continuous

sections have never even been attempted, either there or through the

wilds of Assynt and Strath Oykill, still less across the mountain-

fastnesses of the Dirry Moor and Fannich Forest, so as to assure us

that no older underlying gneiss comes up there. Till this is done,
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there is no evidence to connect the great mass of crystalline schists

stretching from the north coast of Sutherland to the south of Inver-

ness-shire more closely with the mica-slates of Ben Hope than with

the gneiss of Seourie, Loch Inver, and the Gairloch, or to justify us

in throwing aside mineral characters for some assumed synchronism

in the age of the original, but now wholly altered, deposits.

No such revolution in Scottish geology is, however, required. The
sections, when carefully examined, are clear and simple, and quite

analogous to those of other mountain-regions. Every fact and section

alleged in proof of the recent origin of the eastern crystalline strata

appears on investigation to lead directly to the reverse conclusion.

At Durine, the mica-slate of the Bishop's Castle, stated to overlie the

limestone, does not show a single calcareous bed in a thickness of

1000 to 2000 feet of strata ; and the same mica-slates are forced

up from below the limestone, by igneous action, in the very centre

of the field. At Whiten Head and Loch Emboli, the quartzites and

limestone, alleged to dip under the gneiss, are in part separated from

it by intrusive rocks, or meet it in wholly discordant position, often

so inverted and denuded that the upper limestone is entirely cut out

before reaching the line of supposed overlap. So too it is on Loch
More and Loch Glen Coul, where mere fragments of the quartzite

series are left abutting against, not dipping under, the old gneiss, or

separated from it by intrusive igneous rocks. In Assynt the so-

called " upper quartz-rock " is proved to have no existence, but to

be a mere upturn of the old quartzite, which is seen resting on the

gneiss for miles along its N.E. margin, and on the S.E. is divided

from it by a line of fault with huge intrusive masses of granite and
porphyry. Further south, in Cromarty- and Boss-shires, the same
phenomena prevail. The newer, overlying strata—whether the

limestone, the quartzite, or the Bed Sandstone—always overlie or

abut against, never dip under, the older eastern gneiss. In Skye,

finaUy, the Bed Sandstone, the oldest overlying deposit, dipping JST.W.,

rests on the eastern gneiss dipping S.E., and thus in an entirely

discordant position. Such are the facts and sections on which I

have no hesitation in asking a verdict in favour of the old, long-

established principles of Scottish geology.

VOL. XVII.—PAET I.
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. Fossils from the Limestones of Durness, 23.

M. F. Heddle.—Galactite of Haidinger
;
Analysis of Scottish Natro-

lites, 51.

. Mesolite, Faroelite (Mesole), and Antrimolite, 55.

D. Page.— Woodocrinns macrodactylus, and new fossil Crustaceans,

55 56
M. F. Heddle.—Uigite, 57.

J. M^Farlane.—Shells and Reindeer's horn foimd at Croftamie in

Dumbartonshire, 163, 218 (figures).

J. A. Smith.—Scales of JSohpiycMus from Roxburghshire, 168.

A. Taylor.—Contemporaneity in age of the " Mountain " and the
" Burdiehouse " Limestone of Linlithgowshire, 244.

A. Bryson.—Apophyllite at Ratho, 245.

C. W. Peach.—Diatomaceous Marls near Wick, 245.

W. Wood.—Geology of Elie, 250.

A. Dalyell.—Analyses of three Waters from Palestine, 251.

J. Fleming.—Chalk-flints near Leith 262.

J. M'Bain.—Two Fossils found in Shale below St. Anthony's Chapel,
Arthur's Seat, 267.

. Skull of a Wombat from the Bone-caves of Australia, with
remarks on the Marsupiata, 373.

A. Rose.—HaBinatite on the Garpel, Ayrshire, 378.

A. Taylor.—An Artesian Spring near Wester Whitburn, Linlith-

gowshire, 396.

W. Oliphant.—Lignite from Ballaarat, Australia, 405.

C. W. Peach.—Beekite and oolitic quartz at Durness, 429.

W. Rhind.—Coal found in a slate-quarry in the Island of Seil, 439.

G. Forrest and J. A. Smith.—Granite in Midlothian, 463.

W. Carruthers.—Graptolites of Dumfriesshire, including three new
species, 466 (figures).

Ethnological Society. Report of Council, May 30, 1860.

Geologist. Yol. iii. Nos. 31-34. July-Opt. 1860.

S. J. Mackie.—Geology of the Sea, 241.

W. S. Horton.—Stonesfield Slate, 249.

T. Davidson.—Carboniferous Brachiopods of Scotland, 258.

Proceedings of Societies, 270, 298, 379.

Notes and Queries, 271, 317, 347, 377.

G. V. Dunoyer.—Vertical Veins of Limestone in Slate at Temple-
more, 272.

H. Mitchell.—New Fossils from the Lower Old Red Sandstone of

Scotland, 273.

Reviews 277.

S. J. MacMe.^-Geology of Folkestone, 281, 321, 353.

E. Suess.—Distribution of the Brachiopoda, 285.

J. W. Kirkby.—Sandpipes in the Magnesian Limestone of Durham,
293, 329.

Lord Wrottesley.—Address to the British Association, 298.

E. Hull.—The Blenheim Iron-ore and the Oolite at Stonesfield, 303.

H. B. Tristram.—Geology of the Sahara of Algeria, 305.

J. F.Whiteaves.—Invertebrate fauna of the Lower Oolites of Oxford-
shire, 307. ,

W. Lister.—Fossil Reptilian Footprints in the New Red Sandstone
near Wolverhampton, 308.
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Geologist (continued).

W. Pengelly.—Devonian Fossils of Devon and Cornwall, 309.

T. Wright.

—

Avicula contorta beds and Lower Lias, 310.

R. Harkness.—Metamorphic rocks of the North of Ireland, 311.

F. Anca de Mangalviti.—Two ossiferous Caves in Sicily, 312.

W. S. Symonds.—Geological habitats of some of the rarer British

Plants, 313.

J. Dingle.—Corrugation of Strata near Mountains, 314.

J. A. Knipe.—Tynedale Coalfield and Whinsill, 315.

C. Moone.—Three cubic yards of Triassic Earth and its contents, 315.

S. P. Woodward.—An Ammonite with the Operculum in place, 328.

W. Powrie.—Old Red Sandstone and its Fossil Fish in Forfarshire,

336.

T. R. Jones.—Tertiary Ironsand of the North Downs, 339.

G. D. Gibb.—Canadian Caverns, 341 (8 plates).

H. C. Hodge.—Ossiferous Caverns at Oreston, 343, 377.

S. J. Mackie.—First Traces of Man on the Earth, 370.

J. J. W. Watson.—Metalliferous saddles in the Lower Carboniferous

rocks of Derbyshire and N. Staffordshire, 357.

Giessen. Acbter Bericht der oberhessischen Gesellschaft fur Natur-
und Heilkunde. 1860.

H. Hoffmann.—Vergleichende Studien zm" Lehre von der Boden-
stetigkeit der Pflanzen, 1 (map).

0. Volger.—Thatsachen zur Beurtheilung alterer und neuerer geo-
logischer Anschauungsweisen, 13.

C. H. G. von Heiden.—Fossile Gallen auf Blattern aus den Brauu-
kohlengruben von Salzhausen, 63.

Seibert.—Zur Geologie des Odenwaldes, 76.

0. Buchner.—Leber Feuermeteore und Meteoriten, 82.

Halle. Zeitschrift fur die gesammten Natiirwissenschaften, heraus-

gegeben von dem Naturw. Vereine fur Sachsen u. Thiiriagen in

Halle, redigirt von C. Giebel und W. Heintz. Jahrgang 1859.

Vol. xiii. 1859.

W. Heintz.—Ueber den Stasfurtit, 1.

. Ueber die Zusammensetzung des Boracits, 105.

L. Witte.—Ueber die Vertheilung der Warrne auf der Erdober-
fliiche, 11.

F. Ulrich.—Ueber das Zechsteingebirge zwischen Osterode und
Badenhausen am S.-W. Harzrande, 189 (plate).

E. Sochting.—Feldspathkrystalle im Quarz, 199, 452.

R. Dieck undW. Heintz.—Analyse des Aluminits von Presslers Berg
bei Halle, 265, 368.

Th. Liebe.—Ueber die bisherigen Residtate des Geraer Bohrver-
suches, 322.

E. Sochting.—Ueber den Einschluss von Fliissigkeiten in Mineralien,
417.

Notices of works on Geology, Mineralogy, Paleontology, &c.

. . Jahrgang 1859. Vol. xiv. 1859.

J. A. Hjalmarson.—Ueber die Insel St. Domingo, 12.

A. W. Stiehler.—Zu Pleuromeia ails dem Buntsandsteine bei Bern-
burg, 190.



120 DONATIONS.

Halle. Zeitschrift fiir die gesammten Naturwissenschaften. Vol.

xiv. (continued).

R. Eisel.—Zur Umgebung von Gera ; iiber dasige Dolomite als

Aequivalente des Kupferschiefers, 345.

W. Heintz.—Ueber den Stasfurtit, 351.

R. Richter.—Zur Petrographie des Tbiixinger Waldes, 352.

J. Hecker.—Erfabrungen iiber das Vorkonimen der Sanderze in den
sangerhauser nnd mansfeldiscben Revieren, 445 (2 plates).

C. Giebel.—Flora des sacbsiscb-tbiiringiscben Braunkoklenbeckens,
485.

Notices of works on Geology, Mineralogy, Paleontology, &c.

Heidelberg. Verhandlungen des natiu'Mstorisch-medizinischen Ver-
eins. Vol. ii. No. 2.

Horticultural Society of London. Proceedings. Vol. i. Nos. 14-17.

July-October, 1860.

International Statistical Congress. Programme of the Fourth Ses-

sion. 1860.

R. Hunt.—Statistics of Mineral Produce, &c, 83.

Leeds Philosophical and Literary Society. Annual Report for

1859-60. 1860.

Liege. Hemoires de la Soc. Roy. des Sciences. Vol. sv. 1860.

Linnean Society. Journal of the Proceedings. July 18. Supple-

mental to Vol. iv. Zoology.

Literary Gazette. New Series. Vol. v. Nos. 106-122. July-

Oct. 1860.

Meetings of Scientific Societies, Sec.

Meeting of tbe British Association, 807.

Meeting of tbe International Statistical Congress, 16, 41.

J. TyndaU's 'The Glaciers of tbe Alps,' noticed, 27.

Earthquake in Kent, 231.

Liverpool Literary and Philosophical Society. Proceedings. No. 14.

1859-60. 1860.

G. H. Morton.—Traces of Icebergs near Liverpool, 35.

. Basement-bed of the Keuper in Wirral and the S.W. of Lan-
cashire, 148.

C. Collingwood.—Homomorphism or Organic Representative Form,
181.

T. Dobson.—Explosions in Coal-mines, 217.

H. H. Higgins.—Stony Corals, 230 (figures).

London, Edinburgh, and Dublin Philosophical Magazine. 4th

Series. Vol. xx. Nos. 130-133. July-Oct. 1860. From
Dr. W. Francis; F.G.S.

J. Pilbrow.—Well-section near Gosport, 84.

J. Prestwicb.—London Clay in Norfolk, 84.

T. R. Jones and W. K. Parker.—Fossil Foraniinifera from Chel-

laston, 85.
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London, Edinburgh, and Dublin Philosophical Magazine (continued).

W. S. Symonds.—Eeptiliferous Sandstones of Elgin, 85.

Anca.—Bone-caves in Northern Sicily, 86.

A. H. Church and E. Owen.—Destructive distillation of Peat, 110.

Breithaupt.—Thirteen systems of Crystallization and their optical

characters, 129.

G-. P. Wall.—Geology of Venezuela and Trinidad, 164.

C. Sainte-Claire Deville.—Silicic Acid, 175.

J. H. Pratt.—Thickness of the Earth's Crust, 194.

F. C. Calvert and G. C. Lowe.—Expansion of Metals and Alloys, 230.

E. Lartet.—Coexistence of Man with certain extinct quadrupeds, 239.

W. P. Jervis.—Miocene rocks and minerals of Tuscany, 240.

H. Falconer.—Bone-caves of Gower, South Wales, 241.

D. Campbell.—Arsenic and Antimony in Streams and Rivers, 304.

Longman's Monthly List. Nos. 211, 214. July, Oct. 1860.

Mechanics' Magazine. New Series. Yol. iii. Nos. 80-96. July-

Oet. 1860.

Meetings of Scientific Societies, &c.

J. A. Davies.—Molecular alteration in stone, metal, wood, &c, 265.

Melbourne. Mining Surveyors' Eeports : furnished by the Mining
Surveyors of Victoria to the Board of Science. Nos. 9-15.

January-July, 1860.

Milan. Atti del E. Istituto Lombardo di Scienze, Lettere ed Arti.

Vol. i. Fasc. xvii.-xx. 1860.

Mining Eeview. Vol. iii. Nos. 89-95, 99, 103.

Notices of Scientific Meetings, &c.

Munich. Abhandlungen der math.-phys. Classe der konigl. bayer.

Akad. d. Wissensch. Vol. viii. Parts 1 & 2. 1857-58.

A. Vogel und G. C. Reischauer.—TJeher Bleysesquiphosphat, 1.

A. Wagner.—Neue Beitrage zur Kenntniss der fossilen Saugethier-
Ueberreste von Pikermi, 109 (7 plates).

C. F. Schoenbein.—Ueber metallische Superoxyde, 159.

A. Wagner.—Neue Beitrage zur Kenntniss der urweltlichen Fauna
des lithographischen Schiefers (Saurier), 413 (6 plates).

. Almanach d. k. bayer. Akad. d. Wiss. f. das Jahr 1859.

. Magnetische Ortsbestimmungen an verschiedenen Puncten
des Konigreichs Bayern und an einigen auswartigen Stationen.

I. und II. TheH. 1854-56. 8vo.

New Zealand Examiner. No. 6. June 13, 1860.

Offenbach. Erster Bericht des offenbacher Vereins fiir Natur-
kunde fiber seine Thatigkeit von seiner Griindung am 10. Marz
1859, bis zum 13. Mai 1860. 1860.

O. Volger.

—

Teleosteus primmvus, Volger. Erste Spur eines Grathen-
fisches im Uebergangsgebirge aus dem rheinischen Dachschiefer
von Caub, 37 (plate).
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Paris. Annuaire de l'lnstitut des Provinces, des Societes savantes

et des Congres scientifiques. 2e Ser. Yol. ii. 1860.

Or. Cotteau. Rapport sur les progres de la Geologie en France pen-
dant l'annee 1858, 54.

. Ecole des Mines ; Annales des Mines. 5e Ser. Yol. xvi.

5 e Livr. et 6e Livr. de 1859. 1859.

Daubree.—Sur le metaniorpbisme et sur la formation des rocb.es

cristallines 155, 393.

Descloizeaux.—Sur les formes cristallines et les proprieties optiques

de la zoisite, de la sillimanite et de la voblerite, et sur une nou-
velle disposition du microscope polarisant, 219.

Lebleu.—Lavage de la bouille aux mines de bouille de Brassac

(Puy-de-D6me et Haute Loire), 243.

Delesse.—Sur les pseudomorpboses, 317.

Julien.—Sur la metalliu'gie du zinc dans la baute Silesie, 477.

Sur l'industrie minerale dans le Wurtemberg, 531.

Sur une buile minerale recueillie a, la surface du sol sur les bords de
la riviere Alleghany, 541.

Sm- la production metallique du Cbili, 543.

De la production des nietaux dans la Grande-Bretagne en 1858, et

dans quelques autres contrees, 546.

Sur les cbangements de temperature produits par l'approfondisse-

ment et par l'extension des mines, 571.

Sur les gisements auriferes et platiniferes de l'Oregon, 573.

Sur les gisements auriferes de Nouvelle-Galles (Australie), 577.

. . Yol. xvii. l e Livr. de 1860. 1860.

L. Moissenet.—Extraits des travaux du bureau d'essai (annee

1859), 1.

. Extraits de cbimie (travaux de 1859), 19.

Tournaire.—Les travaux du laboratoire de cbimie de Clermont-

Ferraud de 1856-59, 35.

Senarmont, de.—Extraits de mineralogie, 69.

MarsiUV, de C. de.—Les bouilleres du Nord et du Pas-de-Calais,

107.

. Comptes Eendus des Seances de 1'Acad. des Sc. 1860.

Prem. Semestre. Yol. 1. jSTos. 19-26.

. . Deux. Sem. Yol. li. Nds. 1-5.

. . Tables, Deux. Sem. 1859. Yol. xlix.

Daniour et Leymerie.—Sur l'aerolitbe de Montrejeau, 31, 247.

Debray.—Sur la reproduction artificielle de l'Azurite, 218.

D'Arcbiac.—Rapport sm- un Memoire de M. A. Gaudry intitule

'Geologie de l'ile de Cbypre,' 229.

E. de Beaiunont.—Sur une Carte geologique du Daupbiae par M. Cb.

Lary, 185.

^"ezian.—Sm- un systeme stratigrapbique perpendiculaire au systeme

des Alpes occidentales, et du meme age, 202.

Seccbi.—Le tremblement de terre de Norcia ressenti jusqu'a Rome,
346-

H. Ste.-Claii'e Deville.—Sur un nouveau niinerai de vanadium, 210.

P. Beauvallet.—Sm la presence du vanadium dans l'argile de Gen-

tiUv, 301.

Domeyko.—Sur divers fossiles et mineraiix envoyes du Cbili, 539.
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Paris. Cornptes Rendus (continued).

A. Gaudry.—Os de ckeval et de boeuf d'especes perdues trouves avec
des haches de pierre dans une menie couche de diluvium, 453, 465.

G. Pouchet.—Sur un instrument en silex trouve par lui dans le ter-

rain de transport de St.-Acheul, 501.

Boucher de Perthes.—Sur les silex tailles des bancs diluviens de la

Somme, 581.

J. Prestwich.—Sm' la decouverte d'instruments en silex associes a

des restes de mammiferes d'especes perdues, 634, 859.

D'Orbigny.—Sur le diluvium a coquilles lacustres de Joinville-le-

Pont, 791.

Leymerie.—Effets du mouvement primitif des grands courants d'eau

aux epoques anterieures a la notre, 795.

E. de Fourcy.—Carte geologique du Loiret, 941.

Radiguel.—Sur des restes tres-anciens de l'industrie humaine trouves

dans le terrain de transport des environs de Paris, 677, 756, 988.

Chazereau.—Sur des haches en silex trouvees dans le departement
du Loiret, 1013.

Gervais.—Sur une espece de porc-epic fossile des breches osseuses

de l'ile de Ratoneau, 511.

Jackson.—Sur l'identite du Paradoxides Harlani et du P. Terrce-

novce, 859.

. Sur quelques observations faites a l'ile de Terre-Neuve et en
Californie, &c, 46.

Moissenet.—Couches traversers dans un puits fore a Louisville

(Kentucky), 317.

Meugy.—Sur l'origine de certains filons, 320.

De Luca.—Recherches chiniiques sur le calcaire d'Avane en Toscane,

358.

A. Sismonda.—Sur le calcaire fossilifere du fort de l'Esseillon en
Maurienne, 410.

Delesse.—Etudes sur le metamorphisme, 467.

Fargeaud.—De l'influence du temps sur les actions chimiqu.es, et des *

cnangements qui peuvent en resulter dans certains fossiles, 558.

C. D'Orbigny et Hebert.—Sur l'age des poudingues de Nemours et

des sables coquilliers d'Armoy, 670, 848.

M. de Serres.—Sm* les breches osseuses de l'ile de Ratoneau, 678.
. Alterations des os observees chez des vertebres de l'ancien

monde, 95.

. De l'extinction du plusieurs especes animales depuis l'appa-

rition de l'homme, 860.

. De la classification des metaux d'apres Haliy, 738.

Fournet.—Sur l'oxyde de chrome de Faymont, 600.

Babinet et Touche.—Influence du mouvement de rotation de la terre

sm les corns des rivieres, 638, 737.

Terreil.—Minerais de zinc sous forme oolithique, 553.

I. Desnoyers.—Pas d'animaux dans le gypse des environs de Paris,

67.

Philadelphia Academy of Natural Sciences. Proceedings for 1860,

pp. 81-284.

W. M. Gabb.—New species of Cretaceous Fossils from New Jersey,
93 (plate).

T. S. Hunt, Lesley, and Foulke.—Chemical Geology, 96.

Lesley.—Boulders of gneiss in State of New York, 97.

W. B. Rogers.—Albertite or Albert-coal of New Brunswick, 98.
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Philadelphia Academy of Natural Sciences (continued).

F. B. Meek and H. Engelmann.—Geology of "the Great Basin"
between the Wahsatch Mountains and the Sierra Nevada, 126.

R. E. Sogers.—Petroleum-wells of Ohio, 147.

F. B. Meek and F. V. Hayden.—Tertiary, Cretaceous, Jurassic, and
Permian Fossils from Nebraska, 175.

W. M. Gabb.—New species of Cretaceous Fossils from South Ame-
rica, 197 (plate).

H. C. Wood.—Carboniferous Flora of the United States, 236 (2
plates).

. American Philosophical Society. Transactions. New Series.

Vol. xii. Part 2. 1859.

F. V. Hayden.—Geological Sketch of the Estuary and Freshwater
Deposit of the Bad Lands of the Judith, 123 (map).

J. Leidy.—Extinct Vertebrata from the Judith River and Great
Lignite Formations of Nebraska, 139 (3 plates).

. . Proceedings. Vol. vi. Nos. 59, 60. June-Dec.
1858. Vol. vii. No. 61. January-June, 1859.

Trego and P. E. Rogers.—Mineral deposit from the Hot Springs of

Munnikumrn, on the Himalayas, 4.

J. Leidy.—Geology and Fossils of the Bad Lands of the Judith, 10.

Photographic Society. Journal. Nos. 99-102. July-Oct. 1860.

Quarterly Journal of Microscopical Science. No. 32, 33. July and
October, 1860.

A. Kolliker.—Vegetable Parasites in the hard tissues of the Lower
Animals, 171 (plate).

Royal Asiatic Society of Great Britain and Ireland. Journal.

Vol. xviii. Part I. 1860.

< Royal Astronomical Society. Memoirs. Vol. xxviii. 1860.

Royal College of Surgeons of England. Catalogue of the Museum.
Part I. Plants and Invertebrate Animals in the dried state. 1860.

Royal College of Surgeons of England. Observations and Reflections

on Geology, by John Hunter, F.R.S. Intended to serve as an

Introduction to the Catalogue of his Collection of Extraneous

Fossils. 1859.

Royal Geographical Society. Proceedings. Vol. iv. No. 4.

Earl de Grey and Bipon.—Anniversary Address.

Royal Society. Proceedings. Vol. x. Nos. 39, 40.

M. Faraday.—Pegelation, 440.

E. W. Brayley.—Pegelation in Water, Glass, &c, 450.

W. B. Carpenter.—Researches on Foraminifera, 506.

Obituary notices of P. Bright, W. J. Broderip, I. K. Brunei, T.

Horsfleld, G. T. Staunton, R. Stephenson, F. H. A. von Humboldt,
and others, i.-xliii.

St. Louis. Academy of Science. Transactions. Vol. i. No. 3. 1859.

G. G. Shumard.—Geology of the Jornada del Muerto, New Mexico,

341.

B. F. Shumard.—Fossils from the Permian Strata of Texas and New
Mexico, 387 (plate).
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St. Petersburg. Acad. Imp. des Sciences. Memoires. 7e Serie.

Vol. ii. Nos. 1-3. 1859.

. . Bulletin. Vol. i. Nos. 4-9. 1860.

H. Abicli.—Rapport sur ses occupations au Caucase, &c, 209, 364,

449.

N. Kokcharof.—Sur le Rutil et Paralogit, 229.

G. de Helmersen.—Description de quelques masses de cuivre natif,

321 (plate).

Ph. Brunn.—Le littoral de la Mer Noire entre le Dniepre et le

Dniestre, d'apres les cartes hydrographiques du XTVU et du XV e

siecles, 373.

H. Goeppert.—Sur la Flore paleozoique inferieure, 414.

H. Struve.—Sur la presence du phosphore dans le fer de fonte et sur

quelques phospliures metalliques, 453.

J. F. Brandt et G. de Helmersen.—Reckerch.es paleontologiqu.es dans

la Russie meridionale, 553.

A. de Middendorff.—Les decouvertes de grands mammiferes gale's

en Siberie, 557.

Society of Arts. Journal. Nos. 398-414. July-Oct. 1860.

W. P. Jervis.—Mineral Resources of Tuscany, 689, 699, 723, 743,
755.

Stuttgart. Wiirttembergische naturw. Jahreshefte. 16. Jahrg.

Zweites unci drittes Heft. 1860.

H. v. Fehling.—Cbemische Untersucbung der Teinacber Mineral-
quellen, 129.

E. v. Martens.—Die classischen Conchjdien-Namen, 175.

C. Baur.—Die Lagerungsverbaltnisse des Lias auf dem linken Neckar-
Ufer, 265 (plate).

H. v. Fehling.—Steinsalz aus dem Schacht bei Friedrichshall, 292.

Tyneside Naturalists' Field-club. Transactions. Vol. iv. Part 3.

1860.

H. B. Tristram.—Presidential Address, 191.

Vienna. Denkschriften d. k. Akad. d. "Wissensch. Matb.-nat.

Classe. Vol. xviii.

W. Haidinger und F. Menapace.—Eis der Donau, 1858, 1 (18 plates,

and tables).

. Feierlicbo Sitzung der k. Akad. "VVissenscb. am 30. Mai
1859.

. Jahrbuch d. k. k. geol. Reichsanstalt. 1860. xi. Jahrgang.

No. 1. Janner-Marz.

F. vonHauer.—^TJeber dieVerbreitung der Inzessdorfer- (Congerien-)
Schichten in Oesterreich, 1.

A. Kengott.—Der Hoernesit, ein neues Mineral aus dem Banat, 10.

K.^M. Paul.—Ein geologiscnes Profd durch den Anniger bei Baden
im Randgebirge des Wiener Beckens, 12.

D. Stur.
—

"Leber die geologische Uebersichts-Aufnahme des Was-
sergebietes der Waag und Neutra, 17.

Verhandhmgen, 1-99.
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Vienna. Sitzungsberichte d. k. Akad. "Wissensch. Math.-nat. CI.

Yol. xxxix, Nos. 1-5. 1860.

W. Haidinger.—Die Rutilkrystalle von Graves' Mount in Georgia,

U.S., 5.

V. von Zepharovich.—Ueber die Krystallformen des zweifach chrom-
sauren Amnioniak-Quecksilberchlorids, 17 (2 plates).

E. Suess.—Ueber die wobnsitze der Brachiopoden (2. Abscbnitt), 151.

A. E. Reuss.—Die marinen Tertiarschichten Bohinens und ihre

Versteinerungen, 207 (8 plates).

A. Scbrauf.—Krystallograpbiscb-optiscbe Untersuchungen iiber die

Identitat des Wohryn mit Scbwerspatb, 286 (3 plates).

K. von Hauer.—Ueber einige selensauren Salze und die Darstellung
der Selensaure, 299.

. Ueber die Krystallisation und Darstellung einiger Verbin-
duugen, 438.

. Ueber einige Verbindungen der Vanadinsaure, 448.

W. Haidinger.—Ueber den Meteoreisenfall von Hrascbina bei

Agrarn, 519.

K. von Hauer.—Krystallogenetiscbe Beobachtungen, 611.

H. Dauber.—Ermittelung krystallographischer Constanten und des

Grades ibrer Zuverlassigkeit, 685 (5 plates).

. . Yol. xl. Nos. 7-12. 1860.

~W. Haidinger.—Der Hoernesit, 18.

G. Tscbermak.—Ueber Calcitkiystalle rnit Kernen, 109 (plate).

. Ueber secimdare Mineralbildungen in dem Griinsteingebirge

bei Neutitscben, 113.

A. E. Beuss.—^Die Foraminiferen der westpbaliscben Ivi'eideforrna-

tion, 147 (13 plates).

F. C. Scbneider.—Ueber das cberniscbe und elektrolytiscbe Ver-
balten des Quecksilbers, 239.

E. Suess.—Ueber die Spivren eigentbihnlicber Eruptions-Erscbei-

nungen am Dacbstein-gebirge, 428.

W. Haidinger.—Eine Leitforni der Meteoriten, 525 (2 plates).

K. von Hauer.—Ivi-ystallogenetiscbe Beobacbtungen, 539, 589 (3
plates).

F. Steindacbner.—Zur Kenntniss der fossilen Fiscbfauna Oester-

reicbs, 555 (3 plates).

Warwickshire Naturalists' and Arcbseologists' Field-club. 1859.

Report.

Washington. Smithsonian Institution, Annual Report of the Board

of Regents of, for 1858. 1859.

Zoological Society of London. Proceeclings. 1860. Parts 1 & 2.

January-June.
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n. PERIODICALS PURCHASED FOP THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Yol. vi.

Nos. 31-34. July-October, 1860.

W. H. Baily.—New Pentacrinus from the Oxford Clay of Dorsetshire,

25, 152 (plate).

. New Solarium from the Upper Greensand of Dorsetshire, 28

(plate).

W. K. Parker and T. R. Jones —Nomenclature of the Foraminifera.

The Lamarckian Species, 29.

De Koninck, L.—Two new Species of Chiton from the Wenlock
Limestone, 91 (plate).

J. G. Jeffreys.—Origin of Species, 152.

E. J. Chapman.—New species of Agelacrinites, and on the relations

of the genus, 157.

J. W. Dawson's 1 Archaia,' noticed, 205.

W. B. Carpenter.—Foraminifera, 208.

L. Agassiz.—Origin of Species, 219.

H. Falconer.—Bone-caves of South Wales, 297.

Edinburgh New Philosophical Journal. New Series. No. 23, 24.

Yol. xii. No. 1, 2. July and October, 1860.

R. Edmonds.—Extraordinary Agitations of the Sea and Earthquakes

in the West of England in 1858-59, 1.

H. How.—Oil-coal of Pictou, Nova Scotia, 80.

W. S. Symonds.—Reptiliferous Sandstone of Elgin, 95.

T. Brown.—Lower Carboniferous rocks of the Fifeshire Coast, 115.

A. Geikie.—Chronology of the Trap-rocks of Scotland, 117.

W. Thomson and — Everett.—Underground Temperatures, 183, 137.

W. Rhind.—Reptiliferous sandstones of Morayshire, 153.

C. W. Peach.—Chalk-flints of Stroma and Caithness, 154.

J. M'Bain.—Fossil bird-bones from New Zealand, 155.

C. Daubeny.—Elevation-theory of Volcanos, 173.

R. Edmonds.—Earthquake-shocks and Whirlwind in Cornwall, 203.

J. Davy.—Colour of the Rhone, 213.

Hector.—Geology of part of British North America, 225 (plate).

L. Beale.—Permanence of Species, 233.

J. Tyndall's ' Glaciers of the Alps,' noticed, 249.

C. Daubeny, R. Owen, T. Huxley, and others.—Origin of Species, 272.

C. H. Hitchcock and J. S. Newberry.—Coal-beds of Rhode Island,

&c, 282. *

J. D. Whitney.—Lead-bearing regions of the North-west, 284.

J. S. Newberry.—Petroleum-wells of the Mississippi Yalley, 287.

Q. A. Gilmore.—Hydraulic Cement, 293.

J. S. Newberry.—Fossil Florae of North America, 305.
J. W. Dawson.—Climate of Canada in the Pleistocene Period, 309.

J. W. Flower.—Flint Implement from Amiens, 311.
H. D. Rogers.—Fossil Flint Implements, 314.

J. Prestwich.—Fossil Flint Implements from the valleyof the Somme,

Latitat, P. le Section. Sc. Math. Phys. et Nat. Nos. 1383-1395.

. 2e Sect. Sc. Hist. Arch, et Phil. Nos. 292, 293 (in one).

April and May.

Notices of Scientific Meetings, &c.
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Leonhard und Bronn's Neues Jahrbuch f. Min. u. s. w. Jahrgang
1860. Drittes Heft.

A. Streng.—Die Quarz-fiilirenden Porpliyi'e des Harzes. II. Die
grauen Porphyre, 257.

H. Oredner.—Die Grenz-Gebilde zwischen dem Keuper und dern

Lias am Seeberg bei Gotha und in Norddeutschland uberhaupt,

293 (plate).

K. G. Zimrnermann.—Die Tertiar-Versteinerungen am. Brotbener
Strande bei Traveniiinde, 820.

Letters : Notices of Books, Minerals, Geology, and Fossils.

Palseontographica (H. von Meyer). Vol. vii. Part 3. July, 1860.

H. von Meyer.—Frosche aus Tertijir-Gebilden Deutscbland's, 123

(7 plates).

(H. yoil Meyer). Vol. viii. Part 4. July, 1860.

R. Ludwig.—Fossile Pflanzen aus der altesten Abtbeilung der

rheinisch-wetterauer Tei-tiar-Formation, 105 (14 plates).

(H. von Meyer). Yol. viii. Part 5. August, 1860.

B. Ludwig.—Fossile Pflanzen der rbeiniscb-wetterauer Tertiar-

Formation, 137 (15 plates).

(W. Dunker). Yol. ix. Part 1. August, 1860.

F. A. Boemer.—Zur geologiscben Kenntniss des nordwestlichen

Harzgebirges, 1 (12 plates).

III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.

Address of H.R.H. tbe Prince Consort on opening the International

Statistical Congress. 1860. From the International Statistical

Congress.

Allport, S. On tbe discovery of some Fossil Remains near Babia

in South America. With Notices of the Fossils by Professor

J. Morris, Sir P. Egerton, and T. Rupert Jones, Esq. 1860.

From T. B. Jones, F.G.S.

Anca, F. Sur deux Nouvelles Grottes a ossements fossiles decou-

vertes en Sicile en 1859.

Barrande, J. Colonies dans le bassin Silurien de la Boheme. I860.

•

. Troncatiu-e normale ou periodique de la coquille dans cer-

tains cephalopodes p'aleozoiques. 1860.

Bercjli, A. An Essay on the causes of distant alternate periodic

Inundations over the low lands of each Hemisphere. 1860.

Bocek, C. Bemasrkninger angaaende Graptolitherne. 1851. From

His Excell. Count Flatten.



DONATIONS. 129

Catalogue of the Contents of the Museum of the Royal College of

Surgeons of England. Part I. Plants and Invertebrate Animals

in the Dried State. 1860. From the B. Coll. Surgeons.

Chambers, B. Tracings of the North of Europe. 1850.

Daubeny, C. On the Elevation Theory of Volcanoes, in reply to a

Paper of Mr. Poulett Scrope, read before the Geological Society

Feb. 2, 1859. 1860.

Davidson, T. A Monograph of the Carboniferous Brachiopoda of

Scotland. 1860.

Dawson, J. W. Notice of Tertiary Fossils from Labrador, Maine,

&c. 1860.

Delesse, A. Recherches sur les Pseudomorphoses. 1859.

Desnoyers, J. Sur des empreintes cle pas d'animaux dans le Gypse
des environs de Paris et particulierement de la vallee de Mont-
morency. 1859.

Doue, J. M. B. de. De la frequence comparee des vents superieurs

et inferieurs sous le climat du Puy en Velay. 1851.

Favre, A. Observations relatives a la note de M. Emile Benoit sur

les Terrains Tertiaires entre le Jura et les Alpes. 1860.

Forchhammer, G. Om Sovandets Bestanddele og deres Eordeling i

Havet. 1859.

Freke, H. Observations upon Mr. Darwin's recently published

work 1 On the Origin of Species by Means of Natural Selection.'

1860.

Gabb, W. M. Catalogue of the Invertebrate Fossils of the Creta-

ceous Formation of the United States. 1859.

Gaudin, C. T., et Carlo Strozzi. Contributions a la Flore Fossile

Italienne. 4eme Memoire. Travertins Toscans. 1860.^

, . Memoire sur quelques gisements de feuilles fossiles de
la Toscane. 1858.

, et G. de Buminc. Coupe de l'axe anticlinal au-dessous de

Lausanne. Nouveau gisement de feuilles fossiles a, Lavaux, par

C. T. Gaudin. 1860.

, et P. de Mandralisca. Contributions a la Flore Fossile Ita-

lienne. Cinquieme Memoire. Tufs volcaniques de Lipari. 1860.

Gesselet, J. Memoire sur les terrains primaires do la Belgique.

1860.

Grant, B. E. Syllabus of Four Lectures on Foraminiferous Ani-
malcules, Polypiferous Animals, Insects, and Reptiles. 1860.
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Hall, J., and J. D. Whitney. Report on the Geological Survey of

the State of Iowa, embracing the results of Investigations made
during portions of years 1855, 1856 & 1857. Vol. i. Part 1

(Geology). 1858.

. . Vol. i. Part 2 (Palaeontology)* 1858.

Raven, C. H. Views on the vine-growing resources of St. Louis

and adjacent counties of Missouri. 1858.

Hislop, S. On the Tertiary deposits associated with Trap-rock in

the East Indies, with Descriptions of the Fossil Shells : and with
Descriptions of the Fossil Insects by A. Murray, Esq., and a Note
on the Fossil Cypridse by T. R. Jones, Esq. 1860.

Holmes, F. S. Post-pleiocene Fossils of South Carolina. Nos. 6-10.

1859.

Horbye, J. C. Fortsatte Iagttagelser over de erratiske Phsenoniener.

From His Excell. Count Platten.

. Observations sur les phenomcnes d'Erosion en Norvege.

1857. From His Excell. Count Flatten.

Hunter, J. Observations and Reflections on Geology. 1859. From
the Boy. Coll. of Surgeons.

Jervis, W. P. Mineral Resources of Tuscany. ISTo. II. 1860.

Jones, T. B., and W. K. Parker. On the Rhizopodal Fauna of the

Mediterranean compared with that of the Italian and other Ter-

tiary deposits. 1860.

Kjcrulf, T. Das Christiania-Silurbeckon chemisch-geognostisch

untersucht. 1855. From His Excell. Count Platten.

Laur/el, A. Memoire sur la geologic du departement d'Eure-et-

Loir. 1860.

Liancourt, C. A. de G. An appeal to Senates of Universities, &c.,

against the present mode of Teaching French and other Lan-

guages. 1860.

M'Andrew, B. Note on the comparative size of Marine Mollusca

in various Latitudes of the European Seas. 1860.

Mallet, R. Ueber Erdbeben und die Beobachtung der dabei vor-

kommenden Erscheinungen. Deutsch bearbeitet von L. H. Jeit-

teles. From the Translator.

Martins, C. F. P. v. Denkrede auf Alexander von Humboldt.

1860.

Ilitchell, H. Notice of New Fossils from the Lower Old Red Sand-

stone of Scotland. 1860.
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Murchison, B. I. Nouvelle classification des anciennes roch.es chi

Nord de l'Ecosse. 1860.

. On the Succession of the Older Rocks in the Northernmost
Counties of Scotland. 1859.

. Supplemental Observations on the Order of the Ancient
Stratified Rocks of the North of Scotland. 1860.

'Newberry, J. S. Reports on the Geology, Botany, and Zoology of

Northern California and Oregon. 1857.

Nicol, J. On the Geological Structure of the vicinity of Aberdeen
and the North-east of Scotland. 1860.

. On the Relations of the Gneiss, Red Sandstone, and Quartzite

in the North-west Highlands. 1860.

Owen, D. D. First Report of a Geological Reconnaissance of the

Northern Counties of Arkansas made during the years 1857 and
1858. 1858.

•

. Second Report of the Geological Survey in Kentucky made
during the years 1856 and 1857. 1857.

. Third Report of the Geological Survey in Kentucky made
during the years 1856 and 1857. 1857.

. Maps and Illustrations referred to in Vols. II. & III. of the

Report of the Geological Survey of Kentucky. 1857.

ParJcer, W. K. Abstract of Notes on the Osteology of Balceniceps

rex. 1860.

, and T. B. Jones. On the Nomenclature of the Poraminifera.

Part IV. The species enumerated by Lamarck. 1860.

Parolini, C. A. Sulla suspensione temporanea del corso dell' Oliero,

awenuta nel gennaio di quest' anno. 1858.

Pictet, F. J. Note sur la periode quaternaire ou diluvienne con-
sidered dans ses rapports avec l'epoque aetuelle. 1860.

1 , et G. Canvpiche. Materiaux pour la paleontologie Suisse.

Descriptions des fossiles du terrain cretace des environs de Sainte-

Croix. Premiere Partie. 1858-1860.

Prado, C. de. Sur l'existence de la faune primordiale dans la chaine

Cantabrique; suivi de la description des fossiles par MM. de

Verneuil et Barrande. 1860.

Beadivin, T. A. The Gold-Discoveries in Merionethshire, and a
mode for its Economic Extraction. 1860.

Beeve, L. Couchologia Iconica. Monographs of the genera Mela-
toma, Asperrjillum, To, Ancahtus, Terebra, Pirena, Hemisinus,
Melanojpsis, Linrjida, Thracia. 1859-60.
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Report of Explorations and Surveys to ascertain the most practicable

and economical Route for a Railroad from the Mississippi River

to the Pacific Ocean, made in 1853-56. Vol. x. (Zoology). 1859.

From the Government of the U.S.

of the Superintendent of the Coast-Survey, showing the Pro-
gress of the Survey during the year 1857. 1858. From the

Government of the U.S.

Reports of the Commissioner of Patents for the years 1857-59.

Agriculture. 1858-60. From the State of Neiv York.

Sars, M., and T. Kjerulf. Iagttagelser over den Postpliocene eller

Glaciale Formation i en del af det Sydlige Norge. 1860. From
His Excell. Count Platten.

Seidel, L. TJntersuchungen iiber die Lichtstarke der Planeten

Venus, Mars, Jupiter, und Saturn verglichen mit Sternen. 1859.

Shumard, B. I., and G. G. Sivalloiv. Descriptions of New Fossils

from the Coal-measures of Missouri and Kansas. 1858.

Steindachner, F. Beitrage zur Kenntniss der fossilen Fischfauna

Oesterreichs. (Dritte Folge.) 1860.

Suess, E. Remarks on the Distribution of the Brachiopoda. With
an Introductory Note by T. Davidson, Esq. 1860.

Sivalhw, G. 0. The First and Second Annual Reports of the Geo-

logical Survey of Missouri. 1855.

. Fourth Report of Progress of the Geological Survey of Mis-

souri. 1859.

. Geological Report of the Country along the line of the South-

western branch of the Pacific Railroad, State of Missouri. 1859.

. Grape-culture in Missouri. 1858.

, and F. Hawn. The Rocks of Kansas, with Descriptions of

New Permian Fossils by G. C. Swallow. 1858.

Thiersch, F. v. Rede zur Vorfeyer des hohen Geburtsfestes Sr.

Majestat des Konigs Maximilian des II. von Bayern, am 27

November 1852 gehalten. 1853.

Vogel, A. Ueber den Chemismus der Vegetation. 1852.

Wrottesley, Lord. Address to the British Association for the Ad-

vancement of Science, June 1860.

Zigno, A. de. Del Terreno Carbonifero delle Alpe Venete. 1858.

. Prospetto dei Terreni Sedimentarii del Veneto. 1858.

. Sulla Paleontologia della Sardegna del Cav. Gius. Mene-

ghini. 1858.
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The Rev. William Liston, Bushbury Vicarage, Wolverhampton
;

the Rev. Alfred Deck, A.M., Royal Military College, Sandhurst ;

and Charles Rooke, Esq., Bellevue Cottage, Scarborough, were elected

Fellows.

The following communications were read :

—

1. On the Structure of the South-West Highlands of Scotland.

By T. F. Jamieson, Esq.

(Communicated by Sir E. I. Murchison, V.P.Gr.S. &c.)

Contents.

1. Introduction : general arrangement of the rocks of the district.

2. The anticlinal axis, and character of the strata composing it.

3. Succession of the older rocks in Bute.
4. The geology of Knapdale.
5. The relations of the rocks of Jura, &c, to those described.

6. The greenstones of Knapdale
;
metamorphic action ; metallic veins.

7. Probable age of the rocks described.

§ 1. The following paper is an attempt to throw some light upon
the relations of those rocks which figure in our geological maps as

the mica-schist, clay-slate, the chlorite-series, and quartz-rock of

the South-western Highlands, and the prolongations of which, ran-

ging 1ST.E. through the middle of Scotland, form so conspicuous a fea-

ture in the geology of that country.

An examination of these, rocks, as displayed in Bute and Argyle-

shire, has led me to believe that from the quartz-rock of Jura to

the border of the Old Red Sandstone we have a conformable series

VOL. XVII. PART I. L
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of strata which, although closely linked together, may he classed

into three distinct groups, namely :

—

1. A set of lower grits, of immense thickness.

2. A great mass of thin-hedded slates.

3. A set of upper grits, with intercalated seams of slate.

Beds of limestone* occur here and there sparingly in all the three

divisions, the thickest I have met with being situated deep down in

the lower grits. These limestones appear to attain their greatest

development in the western extension of the strata, thinning out to

the eastward. The siliceous grits also seem to become purer and
more devoid of green sediment as we trace them to the west. All

the members of the series, namely the upper grits, slates, and lower

grits, have a persistent strike from S/W. to N.E. (sometimes in Bute
approaching to due N. and S.), following one another in conformable

order ; and the three groups graduate into each other where they

meet, in such a way as to show that they belong to one continuous

succession of deposits ; and not only so, but the materials of which
they are composed seem to have been derived from very similar

sources : beds of the lower grit are often undistinguishable in hand-
specimens, or even in mass, from those of the upper, being made up
chiefly of water-worn grains of quartz, many of which are of a pecu-

liar semitransparent bluish tint.

I selected the region lying between Rothesay and the Sound of

Jura as likely to afford the best insight into the disposition of these

rocks, and devoted my attention to the districts of Bute, Cowal,

Knapdale, and the line of the Crinan Canalf . In order to render the

following pages more intelligible, it is necessary, before going further,

to mention that the outlines of the chlorite-series, as laid down in

the map of Macculloch, and also in the smaller one of Nicol, are

incorrect in some places to a considerable degree. For instance,

almost all South Knapdale is brought into the chlorite-series, whereas

the coast-section across the strike of the beds from Barmore to In-

verneil, being a distance of about six miles, shows no chlorite-slate,

but is almost all a highly siliceous grit, often forming indeed a true

quartz-rock. On both sides of Loch Fyne also, in the neighbourhood

of Otter Ferry, and apparently for some distance up and down the

* I ought to mention that I did not myself observe any mass of limestone

in the middle division, or great body of slates, although it occurs closely asso-

ciated with slate amongst the upper grits. See, however, Macculloch, ' Western
Isles.' vol. ii. p. 458, where he says that the limestone " peculiarly accompanies "

the clay-slate. And Col. Imrie, in the Edinburgh Philosophical Transactions,

vol. vi., describing the section along the N. Esk in Kincardineshire, mentions
a bed of limestone, 6 feet thick, amongst the slate, and another, 12 feet thick,

bet ween two thin layers of black shale. See also an interesting short notice by
Prof. James D. Forbes on the geology of the parish of Fordoun, in the ' Statistical

Account of Kincardineshire, ' where he mentions a bed of limestone occurring

in the midst of the slate, and quarried at a place called Clattering-brigs. Daniel
Sharpe seems to have found no limestone in the slate at Brig o' Cally, Birnam,
Stratherne, and Aberfoyle, nor in the Loch Lomond section, these being the

points where he examined it : see his paper in the Quart. Journ. Geol. Soc,
vol. viii. p. 126.

t A geological sketch-map of the district has been deposited by the author

in the Society's Library.
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CO

loch, the strata are also very

quartzose with no chlorite-

schist ; and the thickest and
most persistent bed of lime-

stone, lying at the base of

this immense quartz-deposit,

and ranging from Otter by
Barmore to Western Loch
Tarbert, is omitted; while

the whole district of Knap-
dale and Crinan is traversed

by great ranges of green-

stone, of which no indication

is given. The reason, how-
ever, why Macculloch omit-

ted these greenstones will be
afterwards more particularly

referred to.

§ 2. The rocks of the di-

strict under consideration

seem to have been thrown
into agreat undulation, whose
anticlinal axis extends from
the north of Cantyre, through

Cowal, by the head of Loch
Bidun, on to Loch Eck, while

the axisof thesynclinaltrough

seems to lie nearly on the line

of Loch Swen. (See the

woodcut.)

Macculloch, in his work
on the "Western Isles (vol. ii.

p. 288), had remarked that in

Cantyre the mica-schist on

the eastern shore dips to the

E., and on the other side to

the W. ; and Sir Roderick

Murchison (Quart. Journ.

Geol. Soc. vol. vii. p. 169) had
noticed a fine anticlinal fold

at Loch Eck. These obser-

vations led me to expect that

I should find a similar phe-

nomenon somewhere near the

north end of Bute ; and ac-

cordingly I went in search of

it, and found it, not in Bute
itself, but a little to the north

of that island, in a high ridge

nearthe Tighnabruich steam-
l 2
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boat-quay, in the Kyles of Bute. There in the brow of a large hill

called Ben Y-Happel, whose height is probably somewhere about

1500 feet, the folding over of the strata is distinctly seen ; and from
its summit I could trace the same anticlinal axis ranging away for

a long distance in a direction about N. 33° E. The lowermost strata

brought up in this anticlinal fold, as displayed here and at the north

end of Cantyre, where also I examined them, consist of hard rugged

masses, much wrinkled and contorted, composed chiefly of quartz and
mica—although felspar is also to be found, but forming in most places

only a small proportion of the rock. Portions would be correctly

termed gneiss, even in the strict definition of that term ; other por-

tions are more of the nature of mica-schist, and some of quartz-

rock ; while a greenish substance, probably chlorite, is often added
to the whole, giving its hue to the rock. The colour, however,

varies from pale greenish-grey to reddish-brown ; and I observed

small glancing octahedral crystals of iron-ore in various places, both

near the Kyles of Bute and in Cantyre. Notwithstanding the me-
tamorphic aspect of these lower rocks, their original arenaceous cha-

racter is in many parts still apparent,—thick beds, finely laminated,

containing the same water-worn particles of blue and grey quartz

as are found throughout the whole series of both upper and lower

grits, being met with in various places, enclosed amongst others in

which the lines of deposition are confused and obliterated. But the

pervading feature of the rocks all about this anticlinal axis is their

highly corrugated and contorted aspect, with numerous segregations

of quartz. This axis, I am inclined to think, will be found to run
through the country for a very long distance, passing probably by
the head of Loch Lomond on to the valley of the Tay, where I ob-

served it on the same line of strike, at Aberfeldy, in 1859. Similar

masses of hard rugged gneiss and mica-schist rise up there in a

gentle dome-shaped curve, and are seen on both sides of the river,

more especially in the rocky face of "Weeni Craig, throwing off heavy
micaceous strata to S.E. and X.AV.

From this ridge of Ben Y-Happel, if we proceed (south-east-

ward) across the Kyles through Bute, we pass over a continuous

series of rocks, following each other in quite conformable succession,

and all dipping steadily to S.E. , until we come to the Old Bed Sand-
stone in the neighbour-hood of Rothesay. In no part of Bute,

neither on the east side nor on the west, where I followed the whole
line of coast to the north of Scalpsie Bay, nor in the interior, did I

meet with a reversed or N.W. dip. If again we turn our faces in

the opposite direction (to the N.W.), towards Loch Fyne, we pass

over a similar series, all conformable and dipping in like manner to

the N.W.
§ 3. Taking the Bute or south-eastern section first (which is a

veiy satisfactory one, as the rocks are disposed with great regularity,

without any quantity of disturbing masses of an eruptive nature),

it will be found that after leaving the neighbourhood of the anti-

clinal axis the strata become gradually less and less contorted, failing

into regular parallel beds as we proceed across them ; the quantity of
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mica also becomes less ; and the great body of the rocks along the

very clear section of the west shore from Kilmichael to Kilda-
vannan Point, where the slates commence (a distance of about three

miles), is found to be highly silieeous, often almost wholly of quartz

;

they are in fact altered sandstones, varying in quality from fine grit

to coarse indurated sand with grains of the size of peas or beans,

in which the water-worn character still remains quite distinct

;

nothing, however, so coarse as to be termed a conglomerate oc-

curred. These siliceous beds vary in colour, but are for the most
part of a pale greenish-grey. Although no decided beds of slate are

met with along this part of the section, yet there are some nests and
patches of fine sediment, and even a few thin seams here and there,

precisely similar in quality to the material of the thick beds of slate

that follow. These slates commence, as I have said, at Kildavannan
Point on the west, and at Ardmaleish Point on the east shore of

Bute, there being frequent alternations of grit and slate where they

first make their appearance. Near the base of these slates at Kilda-

vannan Point I found some arenacous beds composed of exceedingly

fine yellowish-green sand, often parted by seams of white sand, all

laminated in the most delicate manner, and even showing indications

of false-bedding; they also alternate with coarser-grained layers

similar in quality to the underlying grits.

The great mass of slates that follow consists of finely laminated

sediments, generally of a greenish colour, but containing also many
seams of dark-blue roofing-slate : these blue slates are not exclu-

sively confined to any one part of the series, being found in every

portion of this division; but they are perhaps most frequent near the

base and top. Many alternations of dark-blue and green slate are

seen. I am led to notice this the more as the late Daniel Sharpe,

in his paper on the Southern Border of the Highlands (Quart. Journ.

Geol. Soc. vol. viii. p. 127), had distinguished them into two sepa-

rate formations, which he termed the dark-blue and the chloritic or

green slates,—a distinction perhaps correctly descriptive of some
localities, but evidently not of general application. These thin-

bedded sediments form a zone across Bute, extending on the west
side from Kildavannan Point to a place called Mecknoch, a short

distance to the north of Ardscalpsie Point, and on the east side

from Ardmaleish Point to Rothesay Bay. They vary in quality from
the finest clay-slate to slaty flag and thin-bedded grit ; and there

are even a few seams of coarse-grained grit, with grains of the size

of peas or beans. Intercalated seams of mica-slate are also met
with. The colour is various, from dark purplish-blue to pale green,

silvery-grey, and brown ; but the prevailing hue is greenish, and

the rock is thinly laminated. They had been the finely comminuted
sediment, the silty mud and clay, of the old sea-bottom, the grits

being the sand and gravel. So far as I noticed, the fines of deposition

are almost always quite distinct, being seldom obscured by cleavage.

Covering these thin-bedded slates I found a thick mass of grit,

forming a rugged hilly ridge stretching from Ardscalpsie Point to

Barone Park nearBothesay, and of which Barone Hill attains a height
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of 538 feet. These grits cover a space at least a mile broad in the

middle of the island ; and as they dip at high angles to the S.E., they

mnst evidently be of considerable thickness. They are the uppermost

of the old rocks as displayed in Bute, being bordered by the Old Red
Sandstone to the south along the hollow of Loch Fadd and Loch
Quien to Scalpsie Bay. The actual meeting of the two formations,

however, is not seen, except for an insignificant space at Ardscalpsie

Point ; and a good deal of trap appears to oceur along the boundary.

These grits are not, I believe, the lower grits brought up by a

fault; for they follow the slates quite conformably, without, so far as

I observed, any trap coming up between them. They contain at

least one band of dark-blue slate, near their base, and also differ

somewhat from the lower grits in containing a greater prevalence of

coarse-grained gravelly layers. There maybe some fault at the N.E.
base of Barone Hill, where the ridge suddenly terminates ; for a

great trap-dyke crosses the island there in a N.W. direction, and,

traversing the slates, runs out to the shore a little to the south of

Ettrick Bay ; but whether there actually is a fault I could not

determine, owing to the nature of the ground.

ThisBate section, then, shows at its base a set of contorted micaceous

grits, followed by a great thickness of siliceous grit, above which
comes an extensive development of thin-bedded sediments or slates,

these slates being covered by a mass of grit containing at least one

seam of slate, and having more frequent beds of coarse gravelly tex-

ture than are met with in the lower grits. I observed no decided

bed of limestone in these old rocks of Bute, but found, deep down in

the lower grit, some beds which contained calcareous matter, effer-

vescing readily with nitric acid.

§ 4. In descending from the anticlinal axis of Ben Y-Happel
towards Loch Eyne, I found ridge after ridge unfolding precisely the

same series of micaceous grits, indurated sand, and gravel that I had
examined in Bute, in a similar state of metamorphism, all follow-

ing each other conformably, and dipping steadily to the N.W. ; and
these grits continue all the way across to Otter, where there is a
thick bed of bluish limestone, forming a small wooded hill, and quar-
ried beside the Otter Inn. This limestone is covered by quartz-rock,

and rests upon micaceous grit, and may be traced for some distance

along its N.E. strike. I believe it is also found near Eilfinnan ; and
I heard of some other seams or bands of limestone in Cowal—one
somewhere near Ardlamont Point, which would be on the strike of

the calcareous grit that I observed in Bute.

Again, in following the west shore of Loch Eyne from the neigh-

bom-hood of the anticlinal axis in Cantyre north to Loch-Gilphead, the

strata all have a general dip to the rT.W. I found, first the crumpled
coarse gneiss and mica-schist to the south of East Loch Tarbert,

gradually falling into more regular stratification towards Barmore,
near which a strong band of bluish limestone, quarried at Ashins,

and apparently the same as that of Otter, rims across to "West Loch
Tarbert. After passing Barmore the rock is very siliceous, and con-

tinues so all along the base of the lofty ridge of Sliabh Goil on to
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Meal Dhii Point, the general character being a sort of granular

quartz-rock with little mica. Several large masses of greenstone

come out between the beds, and have crumpled them up, and in some
cases much altered their mineral texture, but do not seem to derange

the succession of the main body of the strata. At Meal Dhu Point,

or Strondoir, the rock assumes more mica, and continues to be mostly

micaceous with occasional beds of a more quartzy nature on to In-

verneil, where seams of green slate begin to show themselves and
become more and more numerous until they finally give the character

to the whole ; and from Ardrishaig to Loch-Gilphead the rock all

consists of the thin-bedded green slates, much traversed by green-

stone, but dipping constantly to N.W. at low angles. Notwith-
standing the prevalence of these greenstones all along the shore here,

the passage of the lower grits into the base of the slate -series is

clearly indicated ; and some of the finely laminated green arenaceous

layers noticed near Kildavannan Point occur also in the correspond-

ing part of the section.

Finding, however, no sections along the Crinan Canal to show the

upper part of the slates, I betook myself to the ridge of Cruach Lussa

(the highest hill in North Knapdale—according to the Admiralty

Chart 1530 feet), lying between Loch Fyne and Loch Swen, where I

found the passage of the slates into the upper grits well manifested

in the south-eastern flank of that mountain.

The base of the hill is here formed of a great thickness of these

finely laminated greenish slates, dipping N.W., at a high angle, into

the interior of the ridge ; and as I ascended I found them pass up
into greenish grits, with several thick masses of bedded greenstone.

These appear to form all the upper part of the hill ; but subordinate

slaty seams occur here and there, and one such finely laminated bed
passes over the very summit, enclosed between beds of grit and
greenstone. The N.W. brow of the hill shows thick strata of coarse

gravelly grit, perfectly identical with those in the upper grits of Bute,

and showing the same water-worn grains of bluish-hyaline and grey

quartz, of the size of peas or beans,—these beds all dipping to N.W.
at a very steep angle, accompanied by enormous masses of bedded
greenstone, which range from S.W. to N.E. for miles, quite con-

formably to the strata.

Between Cruach Lussa and the Crinan Canal there is a barren

upland tract studded with tarns or little mountain-lochs, several of

which have been converted into reservoirs for the service of the

canal. This region is highly interesting in a geological point of

view, much of the rock being exposed, and showing great parallel

ridges of greenstone running along between thick beds of grit, with

some intercalated seams of slate and bluish limestone. At least

two beds of limestone occur in these upper grits here, but neither

of them so thick as that at Otter. They contain a good deal of sand,

and seem well adapted for the preservation of fossils
;
and, although

I failed to find in them the slightest trace of organic life, I cannot

but think such will yet be found. There are also several finely

laminated schistose or slaty beds ; but these arc seen to be clearly
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subordinate to the grits, which, with the greenstones, form the

predominating features in the geology of this tract. From this to

the head of Loch Swen, the dip of the strata becomes nearer and
nearer to vertical ; and in the neighbourhood of that loch the general

position of the strata is almost upright, leaning occasionally to S.E.,

and occasionally to NW., but always striking from SW. to N.E.

;

and to the west of Loch Swen the character seems to be a mere
repetition of those I have been describing. We find the same thick

beds of grit and greenstone, accompanied by subordinate seams of

slate and indications of limestone, still dipping at high angles ; but

the inclination is now found to set in to S.E. I therefore think that

here we have a synclinal trough whose axis lies in the direction of

Loch Swen
;
and, from the great apparent thickness of the strata,

even allowing for many repetitions, I conceive that we have in this

district a quantity of beds belonging to the upper grits beyond what
is found in Bute, where they terminate abruptly at the border of the

Old Red Sandstone.

§ 5. Erom the descriptions and maps of Macculloch, in his capital

work on the geology of the Western Isles, it appears that the

easterly dip is maintained all through the islands of Shuna, Luing,

and Scarba, on to Jura, subsiding gradually to lower angles, and
exhibiting a descending series of grits and greenstones, followed by
clay-slate, mica-slate, and quartz-rock, in the very same order as I

have described them in Knapdale
;
and, although I had not time to

visit those islands, I have little doubt that in the quartz-rock of

Jura we have the western extension of those great siliceous masses

that form the lofty ridges of Sliabh Goil and Meal Dhu, between
Loch Tarbert and Loch Killisport. The clay-slate forming the

eastern border of Jura, and ranging north-east through Scarba,

Lunga, and Luing, on to Eisdale, I have as little hesitation in say-

ing, represents the slaty beds of Bute, which, rolling over the anti-

clinal fold, plunge under the upper grits of Cruach Lussa, and re-

appear again to the westward in the reversed curve, troughing, as it

were, these upper grits ; and if the limestone of Islay, Garveloch,

and Lismore lies at the base of the Jura quartz-rock, we have that

also paralleled by the calcareous masses of Otter, Barmore, and
West Loch Tarbert, which lie beneath the quartz-rock of these

localities.

With regard to the thickness of these old rocks, taking either

side of the anticlinal axis, their enormous dimensions are equally

apparent. The mass of lower grits, judging from the Bute section,

must be many thousand feet thick ; and the group of thin-bedded

slates in that island has an apparent thickness of 2000 or 3000
feet ; while the upper grits, although far short of the dimensions

they seem to attain in Knapdale, form also a considerable body of

strata.

§ 6. The greenstones, which I have so often mentioned, form a

most remarkable feature in the geology of Knapdale. They attain

their greatest development among the upper grits of the synclinal

trough, but are not confined to them, and alternate with the strata
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in huge parallel masses running from S.W. to N.E. ; and to such an
extent are they developed in many places, as quite to overwhelm
the associated strata. From the fact of their being thus inter-

stratified with the slates and grits, Macculloch seems to have re-

garded them all as aqueous sedimentary masses ; for he has inserted

no trap or igneous rock in his map where they occur, and has

described them as a mere variety of chlorite-schist (see ' "Western

Isles,' vol. ii. p. 290). They are the typical beds of his " chlorite-

series," forming, as he says, nearly three-fourths of it ; and it is from

them tbat he has bestowed the name on the group,—quartz-rock

being ranked next in quantity.

I was unable, however, to perceive any character wbereby they

could be distinguished from other greenstones : for they seem to be,

for the most part, composed of felspar and hornblende, and have

a massive form and crystalline structure like syenite or granite
;

they may also be occasionally observed resting on the upturned

edges of the sedimentary strata ; and finally, what seemed to me a

conclusive character, they have in many places exerted a powerful

metamorphic action on the adjoining strata. On the other hand, it

is difiicult to conceive how they could be of an eruptive nature, or

be injected among the stratified beds posterior to their formation

without deranging the disposition of these to a far greater degree

than they have done : and, what is even still more singular, there

are many huge masses which seem to have exerted no metamorphic
effect whatever on the adjoining beds of grit, which display the

water-worn grains of quartz in a perfectly similar condition to

those of Bute, where no such greenstone is near them.

I have already mentioned that great quantities of greenstone come
out between the strata along the west shore of Loch Fyne, between
Barmore and Loch Gilp. One of these, near a place marked Mil-

more on the Admiralty Chart, is about sixty yards broad, and has

affected the quartz-strata on both sides, crumpling them up into

strongly wrinkled and corrugated masses, whose original greyish-

white colour has been changed into various hues of purple, red, and
yellow; and there are many segregations of vein-quartz, together

with streaks of a red colour strongly impregnated with iron-ore.

Their granular texture is also effaced, and they have become com-
pact and close-grained, like hornstone. The lamination and strati-

fication are in some places obliterated, and the rock traversed by
numerous fissures. At another spot, near Erins, I observed some
wedge-shaped masses of greenstone proceeding from the main body
and intruding amongst the quartz, where they thinned out into ten-

dril-like streaks. Near Meal Dhu Point another bed of greenstone,

30 or 40 yards thick, is seen coming out between the quartz-

strata, and powerfully affecting them on both sides to a distance of

about 20 yards. The stratified rock is crumpled up, loses its ordi-

nary pale greenish-grey hue, and assumes a variegated colour of

red, ochrey-yellow, green, and brown, irregularly mingled ; while

the lamination is in many places quite obliterated, and ravelled

veins of quartz ramify through it. Masses of the rock are con-
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verted from a quartz-grit into compact jasper-like or hornstone-

quartz. The greenstone itself is likewise affected, and traversed by
some very odd veins of quartz, which seem to proceed out of the

sedimentary rock. Yarious thinner beds of greenstone are seen

near these, interstratihed with the quartz-rock and following its

undulations. Between Inverneil and Loch-Gilphead I noticed in-

stances where layers of mica-slate, followed along their strike, may
be seen gradually to assume a greenstone aspect ; these micaceous

strata are also often much contorted in the neighbourhood of the

greenstone, which is itself occasionally altered and traversed by

cream-coloured veins. The action of the greenstone upon the thin-

bedded slates may be noticed in the low masses along the shore

near Ardrishaig Hotel. Sometimes it has caused a segregation of

the mineral ingredients, the quartz forming numerous white streaks

parallel to the bedding, together with some larger veins ramifying

in a more irregular manner ; carbonate of lime has also in some
cases segregated along with the quartz ; while the chlorite has also

in a great measure been purged of its impiirities, forming a tough

mass which has quite lost its laminated fissile character, and in

some cases it appears to pass insensibly into the greenstone.

Although neither here nor elsewhere did I notice veins ramifying

from the greenstone, yet it has in some cases burst through the

strata transverse to the bedding, in good-sized masses. An instance

of this may be seen on the shore about halfway between Ardrishaig

and Loch-Gilphead, near a place marked Glenburn in the Admiralty

Chart, where some greenstone has protruded across the green slaty

strata, which become much crumpled as they approach it, and
assume an irregular sort of cleavage, or cross-planes of division

;
they

also become more micaceous ; and at some points the prolongation

of these micaceous slates passes insensibly into the greenstone

without any clear line of separation ; there is, in short, a gradual

conversion of the slate into a massive greenstone ; but in other parts

the line of meeting is easily seen.

On the shore of Loch Fyne, to the north of Otter Ferry, near

a place marked Gortans in the Admiralty Chart, where green-

stone has invaded the quartz-strata and caused much alteration and
contortion in them, I observed a curious change in the greenstone

itself near its contact with the quartz, whereby it assumed a foli-

ated structure, and became highly micaceous—in short, took on the

aspect of a greenish mica-schist to the thickness of one or two
feet.

I observed likewise instances, both in Bute and Knapdale, where
dark fissile clay-slate is changed, near its contact with greenstone,

into a substance like basalt. On the line of the Crinan Canal,

between Dunartry and Ballenoch, a mass of greenstone is con-

spicuously seen, the weathered surface of which is full of circular

concretions like those often noticed in decomposing trap.

The chlorite-series has been laid down in the map of Macculloch

only in Argyleshire ; this geologist therefore seems to have regarded

it as distinct from any of the other Scottish formations. Under
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this view we should have the singular fact of an immense siicces-

sion of sedimentary strata developed here and nowhere else. This I

believe to have arisen from his having mistaken a trap-rock for an
aqueous sediment.

Another feature of the case even still more singular, if we should,

with Macculloch, hold these greenstones to be merely highly meta-
morphosed aqueous sediments, would be the fact of immense fel-

spathic and hornblendic beds alternating with others remarkable

for the absence of both these ingredients, and all deposited from the

same sea. It is easily understood how beds of grit should alternate

with slate and schist ; for the one is the sand, the other the mud
of the old sea-bottom, separated by the action of gravity ; but it

would be difficult to comprehend how the action of sea-water could

have sifted so finely grains of felspar from those of quartz, their

specific gravity being alike. In the Silurian rocks of Wales and
elsewhere, beds supposed to consist of contemporaneous trap or

volcanic ash are interstratified with ordinary aqueous sediment

;

and it is quite intelligible that felspathic matter from an igneous

source might be ejected at intervals, so as to be thus interstratified

with quartz-sand derived from the erosion of different materials
;

but in such cases the beds of igneous matter have been distinguished

from the ordinary aqueous deposits with which they are associated,

by a name marking their proper origin. Whether, therefore, these

greenstone-rocks of Knapdale are of contemporaneous formation

with the strata beside them, or whether they have been subsequently

injected amongst them, they ought in my opinion to be clearly di-

stinguished from the grits and clay-slates, and not classed under the

head of a mere variety of these, as they have been by Macculloch.

I prefer, then, using the term bedded greenstone, as marking this

distinction and, at the same time, indicating the fact of their alter-

nation with the stratified layers, as well as conveying a more just

idea of their mineralogical features.

I was unable to devote sufficient time for a thorough examination
of the district where these bedded greenstones occur, and would
recommend the locality to the attention of any geologist who may
have the opportunity, as likely to be well worth the labour of an
examination ; for it is very probable that here there may be green-
stones of different ages and various origin. I myself noticed some
vertical dykes of trap, of a blacker hue, which were evidently of a
later date, running in a N.W. direction, and cutting across both the

greenstone and grit, and causing alteration at the line of contact.

Two such may be seen in following up the course of the stream
that joins the Crinan Canal at Cairnbaan, and down which the tor-

rent descended when the reservoirs burst.

The fact of veins of lead-, copper-, and iron-ores being met with
in several parts of this greenstone-traversed district, is a circum-

stance characteristic of igneous action. In the micaceous strata to

the south-west of Inverneil I saw a lode or vein of white quartz, a
foot or more thick, which in many places is very rich in galena, fre-

quently accompanied by sulphuret of iron and copper. This vein
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of quartz is also encrusted in some places with beautiful little cry-

stals of carbonate of iron or sparry iron-ore. Its course is nearly

vertical, with a strike about N. 25° W. It had been wrought in

former times as a mine, and is now opened anew. Other veins of a

similar nature, with some ironstone, are known to occur in the lower

grits between Inverneil and Barmore ; and I heard that a vein of

lead had once been opened, at the rocky point between Loch Gilp

and Loch Pyne, and also near Dunartry, in the upper grits.

§ 7. I examined the limestones that came under my notice for

fossils, more particularly the thick calcareous grit of Otter, which

seemed a likely rock for containing them ; but in none did I perceive

anything of the kind. In the weathered surface of some of the

quartz-grits in Knapdale, both above and below the slates, I noticed

numerous circular cavities, and also some curious elongated stripes

of coarser sand, which suggested the idea of Annelide-burrows ; I

could not, however, satisfy myself as to whether such was actually

their origin, and must leave it to the decision of those who know
more about these matters.

The period at which these old beds of sand and mud had been
thrown into undulations and changed into quartz-rock, mica-schist,

and slate is evidently veiy remote ; for the Old lied Sandstone

conglomerate in the shore beside Rothesay is seen to be made up of

the debris of these strata ; and it is important to remark that its

water-rolled pebbles of siliceous grit, mica-schist, and slate have
quite as metamorphic an appearance as the parent rocks from
whence they were derived have at the present clay. Many of these

imbedded fragments show the same contorted, wrinkled, foliated

structure, and are traversed by the same ramifying veins of quartz

(which had solidified before the water-rolling of the fragments), and,

in short, are altogether identical in their mineral complexion with

the present features of the rocks I have been describing. Their

metamorphism must therefore have been completed before the Old

lied conglomerate began to accumulate ; and this leads to the con-

clusion that a great chasm intervenes between the era when these

old rocks were formed and that of the Old Red Sandstone, and brings

us to assign to them a date anterior to that of the upper Silurian

beds. They do not appear to resemble, in mineral features at least,

either the " Cambrian sandstone," or the " fundamental gneiss " of

Sir Roderick Murchison, described by him as occurring in the North-
west Highlands ; wliilc they seem to bear a striking resemblance to

the quartz-rocks, limestones, and mica-schists of Sutherlandshire, ifcc.,

shown by the same geologist to be of Lower Silurian age,—the chief

difference being the presence of the bedded greenstone, which, how-
ever, is, as I have shown, a local phenomenon, being absent in Bute.

So far, therefore, as lithological appearances are entitled to weight,

there is reason to believe them to be of similar date to those rocks of

the North-west Highlands. However, as mere mineral features

alone form a very unsafe criterion in such cases, Ave must look either

for evidence proving the physical synchronism of these beds of

Argyleshire with the North-western types of Murchison, or, still
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better, for some clear fossil-evidonce, before we can arrive at a

positive determination.

Perhaps the most interesting feature of the district described is

the immense development of these bedded greenstones, which may
serve as a parallel to the similar phenomenon in Wales ; and to this

I would beg to draw the further attention of those interested in the

study of trap-rocks.

2. On the Position of the Beds of the Old Red Sandstone developed

in the Counties of Forfar and Kincardine, Scotland. By the

Bev. Hugh Mitchell,

[Communicated by the Secretary.]

§ 1. The time has now come for us safely to pronounce, from

palaeontological evidence, upon the place of those fossiliferous flag-

stones, with their associated sandstones and conglomerates, which
are spread over a large territory in the counties of Forfar and Kin-
cardine, and which are referred to in a paper* read by Prof. Hark-
ness before the Geological Society on the 18th January of this

present year f.

The superficial area of country referred to in this paper is almost

the same as that in the paper of Prof. Harkness, namely a district,

comprehending all the lowland parts of the two counties, bounded
on the north by the Grampian Mountains, impinging on the west on

the County of Perth, and bounded on the south and east by the

German Ocean. The objects of the papers are, however, very different.

Prof. Harkness illustrated the stratigraphical arrangement of the

rocks by numerous sections along the northern boundary-line, where
they lean against the crystalline sehists of the Grampians ; our

attention is now directed more to the beds as spread out and ex-

hibited in the beautiful tract of country to the south-east of the

mountains, and which have of late years begun to yield not a few
characteristic and important fossils. It is now wished to state the

palaeontological data, collected by the writer in the course of several

years, which lead to certain conclusions, in his opinion, sufficiently

determining the position and the importance of these rocks in the

geological scheme J.

* Entitled " On the Association of the Lower Members of the Old Eed Sand-
stone and the Metamorphic Eocks on the Southern Margin of the Grampians,"
Quart. Journ. Geol. Soc, vol. xvi. p. 312.

t See also a paper by the author " On the Flagstones of Forfarshire," ' Geo-
logist,' 1859, vol. ii. p. 147 ; his " Notice of New Fossils from the Lower Old
Eed Sandstone of Scotland," 'Geologist,' 1860, vol. hi. p. 273; and Mr. W.
Powrie's paper " On the Old Eed Sandstone and its Fossil Fish in Forfarshire,"

ibid. p. 336.

| The reader is referred to the 11th chapter of 'Siluria,' 2nd edit., 1859, for

the latest and most complete review of the history of the Old Eed Sandstone,

and for the corrections made by Sir E. I. Murchison in the correlation of the
several members of this group. The Table at pp. 432 & 433 of ' Siluria ' gives a
general view of the classification adopted by Sir Eoderick,—the Upper, Middle,
and Lower divisions of the Old Eed Sandstone of Scotland being respectively

synchronized with different zones of the Old Eed and Devonian rocks of Eng-
land and Europe.

—

Edit.
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§ 2. Fossils occurring in the Lower Old Bed of Forfar mid Kin-
cardineshire.—With one exception (Stylonurus), which is in the pos-

session of Mr. Powrie, of Reswallie, the writer can produce from his

own cabinet the fossils enumerated in the annexed Table ; but there

are still many undeseribed Ichthyodontites and separated scales of

fishes, which it is believed indicate other new genera and species.

There are also unnamed species (if not genera) of the family of the

Eurypteridce among the Crustacea. It must not be forgotten that

in these rocks there is also a unique but fragmentary flora, of which

the only form at all resembling any recorded species is an organism

almost identical with that figured in plate 35. fig. 30 of ' Siluria,'

and which Dr. Hooker considers to be the spores of some cryptogamie

land-plant*. There are also forms in the author's possession about

which only a conjecture can be hazarded. From one locality slabs

have been procured containing imprinted on their surfaces all the

phenomena of a sea-shore of the period—Annelide-tubes, Annelide-

tracks, a great variety of Crustacean tracks, rain-prints, and desic-

cation-cracks.
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* Cepkalaspis

Cephalaspis Lyellii, Agass
Ptychacanthus dubius, Agass

*
Abundant *

*
* Acantkodes . . . . . .

•".

Acanthodes Mitchelli, Egcrt
Brachyacanthus scutiger, Egert.

Diplacanthus
Diplacanthus, 2 spp. nov. .

Plectrodus

*
Abundant.

*
#
*

*

*

*

* Onchus . . . .

Onchus, 2 spp. nov. .

*
*

*

* Ctenacanthns
Ctenacanthus, 2 spp. nov. .

Parexus incurvus, Agass. . . . .

Climatius reticulatus, Agass
Stylonurus Powriensis, Page . . . .

Kampeearis Forfariensis, Page

*
*
*

*

*

*

Eurypterus *
* Pterygotus

Pterygotus Anglicus, Agass. . .

*
Abundant.

*

* Parka
Parka decipiens, Flem
Vegetable remains

Abundant,
Abundant.

*

* Spores of a land-plant (Pachytkeca, Hooker) *

* Pachytkeca, Hooker, MS. See also Quart. Journ. Geol. Soc. vol. ix. pp.
10 & 12 ; and ' Siluria,' 2nd edit, p. 207, note.—Emu.
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On some of the fossils in the ahove list, a few brief remarks may
be allowed. Cephalaspis Lyellii, figured by Agassiz, is from Glammis,
Forfar ; it is by no means rare. Ptychacanthus dubius appears, from
specimens in the writer's possession and in the cabinet of Mr. Walter
M'Mcol at Tealing, to be the posterior portion (serrated along the

inner margin) of the head-plate of a species of Cephalaspis.

The Aeanthodian fishes are new to science, and are about to be

described by Sir Philip Egerton in a 'Decade' of the Geological

Survey. Plectrodus has only recently been found here ; and any day
the stroke of the hammer may expose to our examination the com-
plete form of this curious creature.

§ 3. The fossils connecting the Forfar and Kincardineshire beds

with the Upper beds of the Silurian System as developed in the

typical region of the latter, belong to the genera Cephalaspis, Plec-

trodus, and Onchus among the Fishes, and the genera Pterygotus and
Eurypterus among the Crustacea. There is also the curious organism

known as Parka. It may be questioned if our beds have one species

in common with the Ludlow rocks, although several genera seem to

range through both.

§ 4. The fossils connecting the Forfar and Kincardineshire beds

with the higher beds of the Old Red Sandstone belong to the genera

Acanthodes, Diplacanthus, and, in a sense, Ctenacanthus. Acan-
thodes rises into the Middle Old Red Sandstone, and is also found in

the Carboniferous rocks. Diplacanthus, if it be that genus which
occurs in the Lower, advances no further than the Middle Old Red.

Ctenacanthus, though not recorded from either the Middle or Upper
Old Red Sandstone, finds its way into the carboniferous rocks.

§ 5. The fossils occurring both in the Old Red Sandstone of

Herefordshire and in that of Forfar and Kincardineshire are

Cephalaspis Lyellii and Ptychacanthus dubius, with the genera On-
chus, Ctenacanthus, Pterygotus, Eurypterus, and Parka.

§ 6. With regard to the fossils peculiar to the Forfar and Kin-
cardineshire beds or to their equivalents in England, and deter-

mining them to belong to a distinct and well-marked zone of the

Old Red Sandstone, it may be said that the entire Fauna and Flora

are peculiar. There may be one or two doubtful cases, so far as

specific identity is concerned; but the facies is undoubtedly cha-
racteristic of the horizon of these beds. The genus Parka is highly

characteristic.

§ 7. Distribution of the Fossil Remains over the Counties of Forfar
and Kincardine.—Over this extensive area there is almost complete
identity in the fossil organisms. Of this some illustrations may be
given. Cephalaspis Lyellii has been found over the entire district

from Balruddery on the S.S.W., and on the confines of Perthshire, to

Canterland, close upon the German Ocean, in Kincardineshire—as at

these particular localities :—Balruddery, Tealing, Glammis, Carmylie,

Leysmill, Carsegownie, Brechin, and Canterland. The Aeanthodian
Fishes are now known to occur in five localities:—Balruddery, Tealing,

Forfar, Farnell, and Canterland. These fishes were first detected by
the author in beds at Farnell in July 1857; but they are now turning
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up over the whole district. Parexus incurvus is founded, by Agassiz,

on a very striking spine from Balruddery, but has also been detected

by me at Canterland, the other extremity of the district. Parka de-

cipiens, occasionally with an attached ligament or stem, or even with
what resembles a calyx or sheath, is universal, and abundant in

every section and in every quarry. Pterygotus is almost as widely

dispersed, though generally in a fragmentary condition ; and for it the

same localities may be stated as for Gephalaspis, with the exception

of Brechin, but substituting in place thereof Famell, where plates of

the larger Crustaceans and complete forms of the smaller have been
found by the author and Mr. Powrie of Beswallie. Kampecaris was
described by Page from Balruddery, and has been found (perhaps

several species) by me at Canterland, the extreme of the area. Some
of the vegetable forms are generally diffused, bike Parka decipiens,

occurring in every opening of the fossiliferous beds. Indeed the only

form, with the exception of the Crustacea (which are yet undescribed),

confined to one locality is CUmatius reticidatus, recorded by Agassiz

from Balruddery ; but the genus is founded on a spine, and in the

multitude of our spines it might be easily passed over.

§ 8. Distribution of the Fossils through the vertical depth of the

Strata.—Though spread over a wide area, the arrangement of our

rocks is very simple. In the section at Canterland (which is typical

of the district) we have, first and lowest a gritty sandstone* (120 feet

seen), very ferruginous, and containing occasional thin layers of a

purplish flag
;
secondly, grey flagstone with intercalated sandstones

(40 feet)f ; and thirdly and above all, an overlying conglomerate j. A
similar life seems to have prevailed throughout the entire formation,

as embracing an era in geological time. We have met with a soli-

tary but well-preserved Parka decipiens § far beneath the fossilife-

rous grey beds in the gritty sandstone which forms the bottom-rock

in the Canterland section. The Gephalaspis is found occasionally in

the sandstones used for building-piu'poses, as at Brechin (imme-
diately below the grey flagstones), in which, owing to the nature of the

matrix, not another organism is known. But whilst this is all the

direct pakeontological evidence, there is other evidence of a physical

character. Among the purple flags, which he very low in the for-

mation, there have been gathered slabs containing on their surfaces

impressions, numerous and well marked, of what we may call the

phenomena of a sea-shore of this pala30zoic epoch. On that sea-

shore the tides must have ebbed and flowed, the rain have fallen, now
in heavy shower, anon in drizzling mist, the sun must at times have

shone with sultry beam, and many creatures have travelled across

the palimpsest surface. Besides the AnneHde-markings, we have

* Judging from the di^D and the neighbouring rocks, this sandstone probably

rests on a dark-red sandstone.

t In the quarries at Carmylie these are 120 feet thick.

\ A few feet thick here, but several hundred feet thick as it rises up the neigh-

bouring hills. At the Hill of Turin, conglomerate (2 feet thick) is intercalated

amongst the grey flagstones.

§ Sir K. I. Murchison and Mr. Powrie found the Parka decipiens common in

the lower conglomerates on the mountain or western flank of the basin.

—

Edit.
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counted at least eight forms of Crustacean tracks, indicating an assem-
blage at the time, on that ancient sea-beach, of creatures similar in

size and organization to their congeners preserved in higher beds of

the formation, namely the grey flagstones. Although the number of

limbs attached to these ancient Crustaceans may still be matter of

doubt, yet we have in their stone impressions such a character as

would, on the one hand, be made by a gigantic Pterygotus, and on
the other, such as would be made by a creature as small as the

Sandhopper of our present shores, besides various intermediate forms
corresponding with the remains found in the flagstones. From such
evidence (and we think it must be allowed) do we infer the existence

of a similar life throughout the formation, even when all trace of the

organism has itself perished.

OLD EED SANDSTONE.

Upper .... Holoptychius-beds of Moray, Perth, and Fife.

Middle .... Fish-beds of Cromarty and Caithness.

( Conglomerate.
[Canterland Den.]

Lower (10,000 feet
^

thick in Forfar)

Grey flagstone with
intercalatedsand-

stone. (" Cephal-
aspis-beds.")

[Canterland Den
(40 feet thick

here, 120 feet at

Carmylie), near

Farnell, &c]

Gritty ferruginous

sandstone, with
occasional thin

layers of purplish

flagstone.

[Canterland Den
(120 feet here

seen), Ferryden,
&c]

Cephalaspis Lyellii.

Ichthyodorulites

.

Acanthodian fishes.

Pterygotus Anglicus.

Kampecaris Forfariensis.

Vegetable remains, &c.

Cephalaspis (in sandstone at Brechin).

Ripple-marks, Rain-prints, Worm-
markings, Crustacean tracks (large

and small, on the flags).

Parka deeipiens (in the lowest grit*).

§ 9. Some of the general conclusions to which the palreonto-

logical data seem to lead us may be stated as follow :

—

First, it must be granted that in these beds developed in the counties

of Forfar andKincardine in Scotland, and their equivalents in England,

we have the lowest members of the Old Red Sandstone. "We do not

venture to determine what those metamorphic rocks are uponwhich, on

the western side of our district, the Old Red Sandstone rests ; we leave

that point for future decision, either by the discovery of fossils in

some part of the Grampian chain or by the clear unfolding of their

stratigraphical relations. We hold, however, that the position of

the beds the palaeontology of which we have here endeavoured to

describe may now be held as fully ascertained. They are the foun-

* And also in layers which alternate with coarse lower conglomerates on the

S.E. flank of the Grampians.

—

Edit.
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elation of that great series of rocks which for our northern land was
first described by Sedgwick and Murchison, and since rendered clas-

sical in the literature of the age by the writings of Hugh Miller.

Though it is matter of doubt if any one of the species found in these

beds occurs in the system beneath, yet there are genera in common.
There are thus links binding them without a gap to the past stage

of life and its conditions. Still, in the abundance and variety of the

fish-remains, and in the introduction of new forms, as well as in the

tokens of a terrestrial surface, we feel that we have entered into a new
epoch and a new domain of created existence. There has been in

some minds a hesitation to accept these rocks as the basis of the

system ; but we think the evidence adduced is conclusive on this

point.

Secondly, the review of the peculiar fauna and flora of these

lower beds of the Old Red Sandstone affirms the necessity of subdi-

viding the system into formations, and of assigning to the Forfarshire

flagstones (with their associated sandstones, cherty limestones, and
conglomerates) the place of the Lower formation in this extensive

group of strata. The thickness of our Forfarshire beds is enormous,

10,000 feet at least. In these rocks we have a facies of animal and

of vegetable lifo characteristic and distinct from that of the Upper
and Middle formations ; a subdivision is therefore demanded for

the purposes of classification. Between the Lower and Middle and
Upper beds of the system, there is a marked hiatus : for O&phalaspis

has never yet been found but in the Lower formation ; and when we
leave that, not only is Crustacean life at once and immensely dimi-

nished in its numbers, but its types are completely changed.

From the recorded observations of Mr. Geikie, there seem to be

other areas, of great extent, in Scotland over which this Lower Old

Red Sandstone is known to spread ; and its area in England is very

considerable. We have thus all the elements of value in constituting

a formation in geological classification, namely superficial develop-

ment over extensive areas, great (we may say enormous) depth of

strata, considerable variety of mineral conditions (in conglomerates,

flagstones, sandstones, and cherty limestones), and a peculiar palaeon-

tology.

Thirdly, we claim the right of the Old Red Sandstone as a whole
to be admitted and fully recognized as one of the great systems in

geology, both on the ground of what has been now advanced and
from all previously recorded knowledge of the Middle and Upper
formations. The series of rocks called the " Old Red Sandstone " is

as large as almost any of the well-marked and acknowledged divisions

into which, at the call of Science, the strata of the earth have been

made to fall. The system in Scotland alone covers an immense extent

of ground. There are large patches of it flanking the Silurian strata

inthe south of Scotland—inBerwickshire, Roxburghshire, Lanarkshire,

and Ayrshire. There is the great development of it in the central

district of Scotland, comprehending all the lowland portions of Kin-
cardmeshire, Forfarshire, Perthshire, Stirling, and Dumbartonshire,

with many an offshoot into neighbouring counties. It stretches on
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the east far out into the German Ocean, as we know by the Bell

Rock. We have tracts of the Old Red, more or less continuous,

along the shores of Aberdeenshire, Banffshire, Moray, Nairn, Inver-

ness, Cromarty, and Caithness—covering this entire county and then
grasping all the Orkneys in its wide embrace, and stretching out even
to the remote Shetlands.

It is quite possible that some of the Old Red beds north, of the

Grampians were laid down contemporaneously with the beds to the

south, and therefore that we have in the respective faunas or floras

of both a life existing in the same era, but placed in different regions

and in somewhat different conditions. But, even after this reduction

of the vertical depth of the entire system, there would yet remain
two great divisions, an Upper and a LoAver, which cannot be put
into parallel ages. If our interpretation of the obscure vegetable

remains and the sea-shore-markings be correct, we have, from the

very commencement of the era of the Old Red Sandstone, indications

of the existence of land-surfaces ; while in the waters there was such

an abundance of piscine life as to mark the period, throughout, as one

of the most memorable in the past history of our globe.

January 9, 1861.

William Charles Lucy, Esq., Gloucester ; Robert Dukinfield Dar-
bishire, Esq., B.A., 1 Heald Grove, Rusholme, Manchester • George
Charles Wallich, M.D., 17 Campden Hill Road, Kensington, were
elected Eellows.

The following communications were read :

—

1. On the Distribution of the Corals in the Lias. By the Rev. P. B.

Brodie, M.A., F.G.S.

[Abstract.]

From observations made by himself and others, the author was en-

abled to give the following notes :—In the Upper Lias some Corals

of the genera Thecocyathus and Trochocyathus occur. The Middle

Lias of Byfield, Northamptonshire, and Ilminster, Somersetshire, has

yielded a few Corals. The uppermost band of the Lower Lias, viz.

the zone with Ammonites raricostatus and Hippopodium ponderosum,

contains a Thecocyathus, numerous at Cheltenham and Honeybourne
in Gloucestershire ; and a Monilivaltia in considerable abundance at

Down Atherley in Gloucestershire, at Fenny Compton in Warwick-
shire, and more rare at Aston Magna in Worcestershire, and at Kilsby

Tunnel in Northamptonshire. The middle members of the Lower
Lias appear to be destitute of Corals. In the zone with Ammonites
Bucklandi, called also the Lima-beds, a GladophyUia is found at

Down Hatherley and Bushley in Gloucestershire ; and in the same
beds at Inkberrow, Evesham, Binton, Wilmcote, and Harbiuy, in

m 2
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Warwickshire, and at Shepton-Mallet in Somersetshire, an Isastrasa

occurs. Dr. Wright states that Isastrcea Murchisoni has heen met
with in the next lowest hed of the Lower Lias, namely the White
Lias, with Ammonites Planorbis at Street in Somerset ; and another

Coral has heen found in the same zone at Whitnash and Itchington

in Warwickshire. Lastly, in the " Guinea-bed " or " Guineas " at

Binton in Warwickshire another Coral has been met with.

The Montlivaltice of the Hippopodium-bed and the Isastrcece of the

Lima-beds appear to have grown over much larger areas in the

Liassic sea than the other Corals here referred to.

2. On the Sections of the Malvern and Ledbury Tunnels (Wor-
cester and Hereford Railway), and the intervening Line of
Railroad. By the Rev. W. S. Symonds, F.G.S., and Alas Lam-
bert, Esq. With a Note on the Fossils

;
by J. W. Salter, Esq.,

F.G.S., of the Geological Survey of Great Britain.

In a paper published in the Edinburgh New Philosophical Journal

for April 1857 (p. 257), I described briefly the " Correlation of the

Triassic Rocks in the Vale of Worcester and at the Malvem
Tunnel." These rocks have the following order on the flanks of the

Malverns :

—

1. Upper Keuper Marls.

2. Upper Keuper Sandstone.

3. Lower Red or Keuper Marls.

4. Lower Keuper Sandstones (Waterstones).

5. Upper Red Sandstone (Bromesberrow beds).

6. Lower Red Sandstone (Stourport beds).

No. 6. The lowest of these deposits is a dark-red sandstone with
black patches, and closely resembles the " Lower Red Sandstone "

of the geological surveyors in mineralogical character. It is to be

seen at the back of the stables of the Belle Vue Hotel at Great Mal-
vern, dipping from the hill, to the south-east, at an angle of 60°.

A large erratic block, angidar and with no sign of subaqueous

action, was found imbedded in this dark-red sandstone. This

erratic block is different to any rock now exposed in the Malvern
district, and appears to me to belong to the Cambrian grits of North
Wales, or possibly to that of the Longmynd. It may be seen in

the Museum of the Malvern Field-Club at the Messrs. Burrow's,

Great Malvern.

No. 5. This Upper Red Sandstone (Bromesberrow beds) may be

studied with advantage at the village of Bromesberrow, where it

overlies the Haffield or Permian breccia of Prof. Ramsay and the

Geological Survey Map, and is covered by the Waterstones of the

Newent district.

No. 4. Lower Keuper Sandstones (Waterstones).

A patch of these sandstones flanks the Chase End Hill of the

Southern Malverns, and ranges from a wood at the back of the

Hawthorns, in the parish of Berrow, towards Bromesberrow Place,
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the seat of Mr. Osman Ricardo, M.P. for "Worcester. Again they
may be seen covering the Bromesberrow sandstones near the Glynch
Brook, and ranging south towards Red Marley D'Abitot, where
they are faulted against the Lower Keuper Marls, which should
surmount them.

No. 3. Lower Red Marls.

These soft marly beds are well exposed in the lateral valleys in

the Malvern district. These are valleys of denudation, and in most
instances occur where anticlinals of Keuper Sandstone have been
broken and the apices or ridges of the anticlinals removed.

No. 2. Upper Keuper Sandstones.

These fossiliferous sandstones have been generally denuded along
the Malvern Vale. Wherever I have studied them, they are mere
relics of a series of low anticlinals.

No. 1. Upper Grey and Red Marls.

These rocks are the uppermost Triassic deposits, and at the Ber-
row Hill, within two miles of the Chase end of the Malvern ridge,

pass upwards conformably into the Lower Lias, with the charac-

teristic fossils.

I now refer to the section of the tunnel at Malvern "Wells, on the
"Worcester and Hereford Railway, prepared by Mr. Alan Lambert
and myself, and for the admeasurements of which I am indebted to

Mr. Lambert, one of the engineers upon the line, who has assisted

me throughout this somewhat arduous undertaking with the utmost
courtesy and good will. Mr. Lambert has prepared a section (re-

duced in fig. 1) of the line of railway, from the entrance of the

Malvern tunnel to the exit of the Ledbury tunnel on the Hereford

line, for the Geological Society of London, at the request of Mr. Lid-

dell, the chief engineer of the railroad.

The entrance of the tunnel (see Section, fig. 1, and the Expla-
nation) commences with the Upper Keuper Marls (10 m. 330 yds.),

overlain by a considerable thickness of subangular drift, which has

furnished the bones and teeth of Bos primigenius, of Elephas primi-

genius, and of Rhinoceros tichorhinus. The site where these mam-
malian relics were discovered is near the Station at Malvern "Wells.

Some of these fossils are in my possession, and some are at "Worcester

Museum. The Upper Keuper Marls at the tunnel's moutb have

been much denuded. In the tunnel they pass into the Keuper Sand-
stones and Marls with the Estheria and fragments of teeth and spines

of Lophoclus (formerly Acrodus).

These deposits are much broken and contorted, and pass into a

series of red marls, which, I do not doubt, are the representatives of

the Lower Keuper Marls (10 m. 550 yds. to 704 yds.).

The Lower Keuper Marls dip away from a syenitic and brec-

ciated rock, against which they rest conformably at an angle of 50°.

It is worthy of observation that the Lower Keuper Sandstones

("Waterstones) and the Red Sandstones of Bromesberrow are en-

tirely wanting in the tunnel. I was puzzled, at first, whether or

not to rank the brecciated syenite as an equivalent of the Hafneld

Permian breccia, as there is evidence of stratification. The stratifi-
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Explanation of the Geological Section on the Worcester and Hereford
Railroad, from 10 miles 330 yards from Worcester to 15 miles

1463 yards.—See Fig. 1.

Miles, yds.

At 10 330. Keuper Marls, red with grey bands.

„ 550. Tunnel commences.
From „ 550. to 10 m. 704 yds. Keuper marls and sandstone, twisted and

broken ; sometimes nearly horizontal, and sometimes with
a dip of 50°.

At „ 704. Syenitic breccia and thin band of black schist: dipping at

an angle of 58° towards the hill.

„ 711. Syenite.

,, 792. Thin band of chlorite, with black schist in contact.

„ 836. Chlorite, with syenite caught up.

,, 858. Syenite.

,
, 909. • Greenstone.

„ 925. Syenite.

,, 946. Greenstone.

„ 1012. Black hornblendic rock, with highly crystallized felspar, with
overlying greenstone.

„ 1037. Syenite.

,, 1159. Two thin bands of Llandovery limestone, about 6 in. thick,

with 2 ft. of marl.

„ 1160. Syenite.

,, 1254. Llandovery shales and limestone in thin bands, pressed against

syenite
;
syenite overhanging.

„ 1320. Woolhope shales.

,, 1436. Woolhope limestone.

,, 1449. Wenlock shales and thin bands of sandstone.

At about 11 260. Wenlock limestone (thickness uncertain).

Up to ,, 440. Lower Ludlow shales.

At „ 440. Old Red marls, with thin bands of grey and red sandstones.

From ,, 1012 to about 13 m. Local drift and red marls.

At about 13 0. Ludlow rock.

,, 44. Old Red, lying unconformably against Ludlow rock.

From „ 44 to 14 m. 352 yds. Local drift and red marls.

At 14 352. Upper Ludlow rock.

„ 880. Old Red marls.

„ 1144. Upper Ludlow rock.

,, 1298. Aymestry rock.

,, 1342. Lower Ludlow rock.

,
, 1430. Local drift, 40 ft. thick, overlying drift derived from Old Red

Marl : Lower Ludlow rock beneath.

„ 1518. Upper Ludlow rock.

,, 1600. Aymestry rock.

From „ 1600 to 15 m. 406 yds. Ludlow and Wenlock shales.

At 15 406. Wenlock limestone, horizontal.

„ 572. Lower Ludlow rock, angle 12°, north, passing at about 886
yards to 75°, south.

,, 957. Aymestry rock, angle 75°, south.

,, 1029. Upper Ludlow shales, angle 75°.

„ 1087. Downton sandstone, angle 75°.

,, 1091. Passage-beds into the Old Red Sandstone, angle 75° ; thin

bands of grey and red sandstones.

,, 1186. Tunnel's mouth.

,, 1463. Section ends.
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cation, however, is but partial, and I am inclined to look upon the

brecciated rock as a portion, of an ancient beach or talus derived

from the syenitic ridge. We observed a thin band of black horn-

blendic schist in contact with the syenitic breccia ; and both these

rocks have undergone so much derangement as to dip at an angle

of 58° into the hill.

On reference to the section, we find a mass of syenite (at 10 m.

711 yds.) constituting the external walls of a nucleus which forms

the centre of the Malvern range, and which nucleus is of great

interest to the geologist and mineralogist. The thickness of the

syenitic crust on the eastern side of the Malvems is 125 yards. It

is much broken, and will require bricking and roofing in the tunnel.

Traversing the syenite, we found a bed of chloritic rock (at 10 m.

792 yds.) with a vein of shining, coal-black, graphite-looking schist

in contact, see fig. 2. Another wall of syenite is succeeded by a

Fig. 2.

—

Section in the Mal-
vern Tunnel, showing veins of
Quartz and Graphite in the band

of Chlorite in the Syenite, at 10 m.

792 yds. By Capt. Selwyn.

Fig. 3.

—

Section in the Mal-
vern Tunnel, shoiving veins of

Felspar in the Greenstone over-

lying black homblendic or dioritic

rock, at 10 m. 1012 yards. By
Capt. Selwyn.

a. Syenite,

b. Greenstone and Felspar-veins.

c. Homblendic rock.

vein of chlorite with highly crystallized bands of syenite. Here
the syenite again sets in in a solid mass, and we pass onwards to a

mass of greenstone (10 m. 909 yds.) of the hardest material, and
160 yards thick. The greenstone appeared to me to have been
injected when fluid into a fissure in the syenite, the syenite being

fissured in a line with the range of the Malvems. It is worthy of

remark that the syenitic rock is much crystallized where it is in

contact with greenstone.

Leaving this mass of greenstone, we find a remarkable black and

greenish rock (homblendic), containing many veins of red felspar.

It has greenstone on both sides. This great amount of change in

mineral structure in so narrow a compass could hardly have been
imagined, had not the interior of the Malvems been laid open to

our investigation. See fig. 3.

"We pass next into a strong rock of syenite (10 m. 1037 yds.),

147 yards in thickness, and which we may consider as the external
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tvestern crust of the Malvern plutonic range. We were astonished

to find, almost in the centre of this solid syenite (for the syenite on
the western side is not nearly so much shattered as that on the east-

ern flank), two thin bands of Llandovery limestone, with strata of

marly shales 2 feet thick lying in a fissure of the syenite. Fig. 4.

Fig. 4.

—

Section in the Malvern Tun- Fig. 5.

—

Section in the

nel, showing a seam of Llandovery rock Malvern Tunnel, showing

in the Syenite, at 10 m. 1254 yds. By the Junctionof the Silurian

Capt. Selwyn. rock and the Syenite, at

1 Shale. 2 Limestone.

This Llandovery limestone (formerly "Caradoc " of Murchison) con-

tains some characteristic fossils ; and the shales have furnished a

Pentamerus. Neither the limestone nor shales are in the slightest

degree metamorphosed. The fissure runs from north to south, and
becomes smaller towards the south. These sedimentary deposits were
evidently deposited in a fissure in the syenite during that far distant

epoch when the waves of the Upper Llandovery seas washed above

the syenitic ridge of the Malverns, and when this interesting and
instructive range of hills was a low submarine ridge, ofplutonic origin,

and of which the syenitic crust was/ even in the Upper Llandovery

epoch, as much cooled, consolidated, and mineralized as at present.

I mentioned that the Lower Keuper sandstones, the Bromesberrow
sandstones, and the Hatfield Permian breccia (?), which are all to be

seen at the southern extremity of the Malverns, are wanting in the

tunnel on the eastern or "Worcester side of the Malverns. It is

somewhat remarkable, also, to find that the Cambrian (Holly-Bush)

sandstones and Lingula-flags (black shales) of the Chase End,
Bagged Stone, and MidsummerHills (SouthMalverns) should be alto-

gether absent on the western flank of the hills of the Wells. The
syenite passed, we find limestones and shales, of the Upper Llando-

very epoch, full of fossils, resting perpendicularly against the ex-

ternal wall of syenite. Fig. 5. We have evidences of great pressure

and crushing, but not a symptom of metamorphism ; and I exhibit

a portion of shale, containing the Pentamerus Icevis, which was ob-

tained by Captain Peyton close to the line of junction. The Rev.
Reginald Hill, of Bromesberrow, Hon. (Secretary to the Malvern
Field-Club, was the first to disinter these fossils of the Llandovery
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rock from their long resting-place ; and to him, to Captain Peyton,

of the Bartons, Ledbury, and to Captain Selwyn, I would express my
kind acknowledgments for their assistance in unravelling the secrets

of the Malvern tunnel.

It is difficult to ascertain the thickness of the Upper Llandovery

rocks here (10 m. 1254 yds.), or to determine any line between
them and the overlying shales

; they are conformable, and pass one

into the other without any perceptible change, excepting in their

colour, as, from a purplish grey, they change into a blue mass of

shales with thin bands of limestone and grey and brown sand-

stones. I have thought it necessary, however, to draw a distinction

between the Llandovery rocks which rest against the syenite and
contain purplish shales with Pentameri, and the shales that underlie

the Woolhope limestone, because at a certain point I found the Penta-
mems-shales were overlain by a sandstone also containingLlandovery

fossils, but which is the rock formerly known as the "Caradoe sand-

stone of the Malverns," underlying the Eastnor Obelisk and cropping

out along Howler's Heath. At this point of the section, therefore,

I have drawn a somewhat arbitrary line, and have designated the

shales above this sandstone as Woolhope shales (10 m. 1320 yds.).

Dr. Grindrod, of Malvern, has a fine collection of fossils from these

Woolhope shales, and also some splendid slabs with Pentameri from
the Llandovery shales.

The Woolhope limestone (10 m. 1436 yds.) is quarried in the

tunnel within a short distance of the shaft No. 2 ; and we then
pass on into the well-known Wenlock shales (10 m. 1449 yds.).

The distance from the Woolhope limestone to the point where the

Llandovery rocks rest against the syenitic ridge is nearly 200 yards
;

and it is therefore evident that the sedimentary rocks wore deposited

at this particular point of the Malverns in a little bay, or coomb, in

the syenite. This peculiarity was pointed out to me several years

since by my late friend Mr. Hugh Strickland.

From shaft No. 2 to the mouth of the tunnel on the Ledbury or

western side of the Malverns, the railroad passes through Wenlock
shales, and strikes the Wenlock limestone (11 m. 260 yds.) at the

distance of about 260 yards from shaft No. 2. Here we have evi-

dences of a considerable fault : near the tunnel-mouth (11m. 352 yds.)

the Wenlock limestone is thrown down horizontally, the greater part

of the Lower Ludlow rock is wanting, the whole of the Ayraestry

limestone and the Tipper Ludlow shales are deficient, and some sand-

stones and marls of the Old Red series (and these certainly not the

lowest Old Red deposits) are faidted against a regular " scrunch "

(to use a miners' phrase) of the Lower Ludlow clays. The Malvern

greenstone was not so difficult to work (as I have been assured by
Mr. Ballard, the contractor) as this "jammed and scrunched clay"

(11 m. 440 yds.).

From hence the railroad passes, for a considerable distance, over

red clays and marls covered with local drift ; and there is nothing

worthy of attention until we reach the road that leads from Colwall

to Ledbury. In the lane ascending towards The Bartons, the seat
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of Mrs. Peyton, we see the Upper Ludlow shales clipping towards the

vale in which the railroad runs. At the base of the hill is a bridge

constructed for railroad-purposes, and at this spot the workmen
quarried the Auchenaspis-grits of the Lower Old Eed Sandstone,

placed, at an angle of seventy degrees, on the clays of the Upper
Ludlow, and reversed*. On reference to the Ledbury section, it

will be seen that there is a great thickness of rock between the

Auchenaspis-grits and the Upper Ludlow shales.

For some distance the railroad cuts through local drift, until, a

short distance after crossing the highroad from Worcester to Led-

bury, we pass through a section of Upper Ludlow rock, with

abundance of characteristic fossils (13 m. 352 yds.).

We have nest a small basin in which, besides the local Silurian

drift, there is a mass of red and grey clays, evidently derived from

the denudation of the Old Eed Sandstone (13 m. 880 yds.).

The railroad again strikes the Upper Ludlow shales, rising from

a short synclinal, and passes through a section of the Aymestry
limestone and a portion of the Lower Ludlow shales, which are

overlain, near the eastern entrance to the Ledbury tunnel, by a con-

siderable thickness of red and grey stratified drift derived from

Silurian and Old Eed deposits (from 13 m. 1144 yds. to 1518 yds.).

This drift appears to me to be one of the most important points

with which we have to deal. Bones of Mammalia have been de-

tected therein, and amongst them the tooth of Rhinoceros tichorhinus.

This evidence surely tends to prove that the Old Eed Sandstone

covered the Upper Silurians of the Ledbury vales as late as the

Pleistocene epoch, and that it was removed by the action of Pleisto-

cene waters, which denuded the Old Eed Sandstone, and redeposited

its debris with the relics of animals that lived on the land.

The tunnel proceeds through the Lower Ludlow shales at 13 m.
1430 yds., and then a fault occurs. The Upper Ludlow shales, with

the Aymestry rock, are quarried near Shaft No. 1 of the Ledbury

tunnel. The accompanying Section, fig. 6, furnished by Mr. A.

Lambert, supplies us with the details of the fault as seen in the tunnel.

Pig. 6.

—

Section in Ledbury Tunnel, showing the Faitlt,

at 13 m, 1518 yds. By A. Lambert, Esq.

Wenlock" Shale. W,

Wenlock" Shale.

66 feet.

18 feet. 18 feet.

* I have to thank my friend Captain Peyton for directing my attention to this

interesting fault.
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We descended Shaft No. 2, and examined the tunnel right and
left. Shaft No. 2 is in the Wenlock shales ; these are seen to

pass into the "Wenlock limestone (14 m. 406 yds.), which is thrown
down, and is horizontal. A glance at the section will explain the

extraordinary faulting of the rocks between Shaft No. 2 and the

Lower Ludlow rock and the point on the section where the strata

incline at an angle of 75°, which dip continues to the western exit of

the tunnel, throughout the Lower Ludlow shales, Aymestry rock,

Upper Ludlow shales, Downton sandstone, red and mottled marls,

grey shales and grits, and purple shales and sandstones, the tunnel

ending at the point where the red and grey Auchenaspis-beds pass

conformably into the underlying strata*.

The following is the ascending order of the beds observed in the

section from 14 m. 957 yds. to 1463 yds.:—1. Aymestry rock with
Pentamerus Knightii, &c. (10 feet). 2. Upper Ludlow rock with
CJionetes lata, &c. (140 feet). The Ludlow bone-bed seems to be

wanting here. 3. Downton bed, thin (9 feet),with Lingula. 4 to 8.

Red and mottled marls and thin sandstone (210 feet), with Lingula
and Pteraspis. 9. Grey shale and thin grit (8 feet), with Cepha-

laspis and Pterygotus. 10 and 11. Purple shales and thin sand-

stones (34 feet). 12. Grey marl passing into red and grey marl
and bluish-grey rock (20 feet), with Auchenaspis, Plectrodus, Cepha-
laspis, Onchus, Pterygotus Luclensis, Lingula, and a Lituite (*?). These
pass upwards conformably into a series of red marls, with yellowish

grey and pink sandstone containing Pteraspis and Oephalaspis, and
undoubtedly forming the base of the Cornstone-series of the Old

Red Sandstone.

With the exception of colour, there is no possible means of draw-
ing any line of demarcation here between the Upper Silurian de-

posits and the lowest rocks of the Old Eed Sandstone. Fossils dimi-

nish in number in the Old Red, it is true ; but it is evident that this

is either owing to the change that occurred in the physical con-

ditions of the sea, or because the chemical condition of the deposits

was unfavourable to their preservation. As it is, we have a Lingula

common to the Downton beds and the Lower Old Red ; while Ce-
phalaspidian fishes, beginning in the Silurian (Lower LucUoav), con-

tinue upwards into the Old Red.

The section from Malvern to Ledbury is most instructive and
most gratifying ; for we, who have followed in the wake of Murchi-
son, Strickland, Phillips, and the father of Malvern geology, the

present President of the Geological Society (Mr. Leonard Horner),

have learned upon how firm and scientific a basis the investigations

of these philosophers were founded, and how little we have been

enabled to add to the superstructure by later researches.

* See the author's paper on the Ledbury Tuuuel, Quart. Journ. Greol. Soc.

vol. xvi. p. 193.
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Note on the Fossils found in the "Worcester and Hereford
Railway Cuttings. By J. W. Salter, Esq., F.G.S.

[In a Letter to the Rev. W. S. Symonds, F.G.S.]

The tunnel through the hill (near Malvern) has given me a better

idea of the Woolhope beds than I ever had before. The quantity of

fossils is extraordinary. Our own collector, Mr. Gibbs, of the Geolo-

gical Survey, Dr. R. B. Grindrod of Malvern, and other friends have

obtained a great many, and in the most perfect state of preservation.

Of Corals there are only a few—the ordinary Wenlock species (for

the Woolhope limestone is nothing else than a lower Wenlock rock).

Of Cystidece the little Echinoencrinus armatus is frequent enough.

Trilobites are abundant. Ulcenus Barriensis attained its full size

here. The strawberry-headed Trilobites (Encrinurus) are in great

perfection, also Cheirurus, Sphcereccoehus minis with its globular

head, Acidaspis, Lichas, and four species of Phacops, including P.

Doivyiingice, the well-known Wenlock and Ludlow form.

The most common shells are, of course, Brachiopoda, as in all

these muddy sediments. IAngula Leivisii and L. Symondsi (MS.)

are plentiful ; Atrypa, four species of Strophomena (of large size),

Discind, Crania, three species of Spirifer, four species of Orthis, six or

seven of Rhyhchonella, just as in theWenlock limestone: Pentamerus

linguifer and P. rotundus are the most plentiful of all ; the latter

we have hitherto thought a rare species.

Of the other bivalve shells there are Cardiola, Mytilus, Pterinea,

Avicida, and Nucula. Avicula?, of two or three species, are the most
common.

Spiral shells are not so plentiful. Euomphalus and Oyclonema are

rare. BeUerophon is abundant : there are three species, including

the great B. dilatatus of the ' Silurian System.'

The Cephalopod genera Orthoceras, Lituites, and Phragmoceras

also are rare. Lastly there is Ischadites, which I have lately found

to be a genus of the sponges !

It will be seen how much this list is like one made from the Lower
Ludlow deposits

;
indeed, in a broad view of the Silurian system,

one would not readily separate the Lower Ludlow from the Wenlock
rocks.

I have no notes on the Wenlock limestone along this section ; nor

is it veiy well developed. I believe it is cut out in many places by
faults not entered yet in any map.

Of the Upper Ludlow Rock which lies between the Malvern ridge

and Rilbury Camp, it is enough to say that it contains the common
species in the usual proportions. When we meet with Chonetes lata,

Orthonota amygdalina, Orthis lunata, Orthoceras bullatum, and the

spiral shells (Murchisonia, &c.) with their investing Coral (Steno-

pora), we may be sure that the rest of the Upper Ludlow fossils are

not far off
;

Serpulites Jongissimus, for instance, with a lace-like

Bryozoan on its surface, &c.

The Aymestry bands near Rilbury Camp are not characterized

by any very peculiar fossils, so far as I know. The Brachiopods are

the most common. Instead of the Spirifer plicatellus of the Wool-
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hope beds, we have Sja. elevatus in abundance, Rhynclionella Wilsoni

is very plentiful ; so are Lingida Lewisii, Atrypa reticularis, and
Strophomena Pecten. Pentamerus galeatus is frequent ; but I have
not the common P. KnigJitii in mj list.

Only a few Univalves and Trilobites are known in this locality.

But if the limestone is poor, the Lower Lucllow shale beneath it

is prolific indeed. When I was there, they were bringing up the

grey-blue shale full of large Aviculce, of the size and shape of the

Pearl-oysters. There was Pleurorhynchus, nearly as large as the so-

called Cardium Hiberhicum ! Besides a host of ordinary Brachiopods

(the list of which would be only a repetition of those of the Wool-
hope shale) and a very few Corals and Trilobites *, there are here the

largest Univalves known in the Silurian rocks. Pleurotomarice of four

or five species, some as much as five inches long ; of Euomphalus
three species

;
very fine Bellerophons, and the common Pteropods

;

Orthoeeras, of great size and of many species ; and the genera Plirag-

moceras, Cyrtoceras, and Lituites.

The profusion of Cephalopods from these beds in Dr. Grindrod's

fine collection is wonderful. Among them is a new genus, to be added

to the British list, which my friend Dr. A. Fritsch f recognized as

one of the familiar Bohemian forms. It looks like a Lituites, and
would have passed for a new species of it ; but there is a slight spi-

rality in the whorls (not so great, however, as in several Bohemian
species), which betrays it. It is really a subsj)iral form belonging to

tbe Nautilidce, and analogous to the genus Helicoceras among the

Ammonite group. It is 8 or 9 inches in diameter !

I believe tbat the " Lucllow Bone-bed " is not found in the Tunnel-

section. You find it a few miles to the north, at Brock Hill and
also at Hales End, overlain by the Downton Sandstone.

The plant which Dr. Hooker described J, and for which he now
proposes the characteristic name Paehytheca sphcerica, is the common
fossil in the sandstone, arid is accompanied, as at Ludlow, by plant-

remains and fragments of Pterygotus.

Of the " Passage-beds," described by you in your former paper §,

I need not say much ; but having seen this beautiful section in your

company, I may be permitted to observe that I quite agree with

your interpretation of it. The little group of olive-coloured shale and
grey sandstone in which the Pish-remains are found, is exceedingly

like that in the larger section of the same beds at Ludlow. Of the

Fish-remains one is identical—the Cephalaspis Murchisoni, Egerton

;

the other is a new Auchenaspis, certainly distinct from the Ludlow
species. Your section shows just what is wanting at Ludlow—the

300 feet of red marls and sandstones which intervene between these

passage-beds and the Silurian rocks, and which definitely shut the

former up in the base of the Old Red Sandstone.

* In the fewness of Trilobites this shale differs materially from the WoolhojDe
shale before-mentioned.

t Keeper of the Royal Bohemian Museum, Prague—an excellent observer,

and an authority on European birds. We passed three weeks in the Silurian

region most pleasantly together.

\ Quart. Journ. Geol. Soc. vol. ix. p. 12. § Vriil. vol. xri. p. 193.
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January 23, 1861.

"William Weston, Esq., Birkenhead, was elected a Fellow.

The following communications were read :

—

1. On the Gravel and Boulders of the Punjab.

By J. D. Smithe, Esq., E.G.S.

[Abstract.]

In the Phimgota Valley (a continuation of the Great Kangra or Palum
Valley) the Drift consists of sand and shingle with boulders of gneiss,

schist, porphyry, and trap-rock, from 6 inches to 5 feet in diameter.

Some of the boulders, having a red vitreous glaze, occur in irregular

beds.

This moraine-like Drift lies on the Tertiary beds, which, here dip-

ping gently towards the plains, gradually become vertical, and are

succeeded by variegated compact sandstones, gradually inclining

away from the plains ; next come various slates, at a high angle

;

and gneissic rocks lie immediately over them.

2. On Pteraspis Dunensis (Archseoteuthis Dunensis, Roemer). By
Thomas H. Huxley, E.R.S., Sec.G.S., Professor of Natural History,

Government School of Mines.

The fourth volume* of the ' Palseontographica ' of Dunker and Von
Meyer (1856) contains a memoir on " Palceoteuthis, a genus of

Naked Cephalopoda from the Devonian rocks of the Eifel," by the

well-known paleontologist Dr. Eerd. Eoemer. The fossil upon which

this genus is founded is described as an oval, convex, symmetrical,

shield-like body, marked by two diverging longitudinal elevations

or keels, and exhibiting on its surface a peculiar ornamentation,

consisting of curved parallel ridges, so fine that there are as many
as 8 or 10 to a line. All traces of any deeper layer than that which
exhibits these ridges had disappeared. In discussing the affinities

of this fossil, Dr. Roemer decides in favour of its being the internal

shell of a Naked Cephalopod, upon the grounds, first, of its general

form, and secondly, of the presence of the diverging keels, in both

of which respects he considers the fossil to resemble the internal

shell of a Sepia. And he adds :
" Inasmuch as the fine superficial

sculpture is altogether peculiar and different from that of the cuttle-

bone, and since, further, the fact that the fossil exhibits such a struc-

ture only upon its surface leads one to suspect that it was not a thick

ossicle, but thin and horny like that of Loligo, and since, finally,

its occurrence in so old a formation makes its generic identity with

the living genus improbable, it will be justifiable to consider the

fossil as the type of a new genus, although its clear definition can

* Page 72, plate 13.
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only be rendered possible by the discovery of more perfect specimens,

and perhaps of other parts of the animal." (p. 74.)

Dr. Roemer then remarks on the evidence thus furnished of the

occurrence of naked Cephalopoda at an earlier period than had
hitherto been supposed

; and, in a note, he refers to Dr. Kner's paper

on Cephalaspis Lloyclii and C. Leivisii, disputing the conclusion at

which Kner had arrived, that these fossils are remains of Naked
Cephalopods, and affirming " that the structure of the shell of these

disks is rather that of Crustacea, and that their whole external form

leads to the supposition that they are allied to such palaeozoic Crus-

tacea as Dithyrocaris or PterygotusP Carefully executed figures

accompany the memoir from which these citations are made.
In Leonhard and Bronn's ' Jahrbuch' for 1858, p. 55, Prof. Roemer

returns to this subject, in a short " Notice of a second specimen of

Arch&oteuthis* Dunensis, from the clay-slates of Wassenach, on the

Laacher-See," in which specimen the internal structure of the shell

is preserved.

" The form and size of this specimen," says Prof. Roemer, " agree

essentially with those of the first specimen. Like the latter, it is

imperfect, the lower end being absent. The fossil is a coal-black,

brittle, horny substance, sharply defined against the slaty grey of

the matrix ; the thickness of the layer which it forms is about |rds of

a line, as can be distinctly seen by the transversely fractured circum-

ference. The sculpture of the surface is to be observed only over a

small space. Here it exhibits the same fine lines as the Daun spe-

cimen. For by far the greater part of its extent, the superficial

layer of the shell is destroyed, and the internal structure is revealed

so distinctly as to make this specimen particularly remarkable. It

consists of small prismatic cells, disposed perpendicularly to the sur-

face of the shell. The transverse section of the cells is irregularly

hexagonal, or even polygonal ; the diameter of the cells is such, that

three or four occur in the space of a line, whence the separate cells are

perfectly recognizable with the naked eye. The depth of the cells

is equal to about one-third of the thickness of the shell. The lower-

most layer of the shell appears not to take part in this coarsely

cellular structure, but to be much more compact.
" If this structure be compared with that of the shell of Sepia

officinalis, L., the close analogy of the two is obvious. Only, in the

living genus the cells are much finer and are disposed in numerous
thin layers one over the other, whilst in the fossil species but a

single such layer is discernible. In any case, this cellular structure

of the fossil shell indicates its affinity rather with Sepia than with

Loligo, as I had previously supposed."

The specimen from Wassenach thus described has now passed into

the collection of the British Museum ; and my friend Mr. "Woodward
(who had already divined the precise nature of the so-called Palmo-

teuihis in a note to p. 417 of his ' Manual of the Mollusca ') having

* In Bronn and Roemer's ' Lethsea Geognostica,' vol. i. p. 520, the name
Pal<eotei(this, having already heen employed by D'Orbigny, is given up, and
ArcJueoteuthis substituted for it.
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called my attention to the specimen, without giving me any informa-

tion as to its previous history, I at once affirmed it to be a Pteraspis,

—being led to this determination by the eminently characteristic

striation of the outer surface, combined with the no less peculiar

polygonal cells of the middle layer*. There is nothing like either

of these tissues in any Cephalopod or Crustacean with which I am ac-

quainted—the construction of the cuttle-bone being totally different

;

and they exist, in combination, in no animal structure which has yet

been described, except Pteraspis. In form, and in the presence of the

diverging ridges described by Prof. Roemer, the fossil perfectly agrees

with many of our English Pteraspides ; and I have therefore no
hesitation in expressing the opinion that Archceoteuihis must disappear

Diagram of a restored Pteraspis.

A B

a. Snout or rostrum, united with b, the shield-like disk. c. The cornua of the

latter ; d. its median backward prolongation ; e. the median posterior spine into

which the last is produced. /. Orbits or nasal apertures.

* I have carefully described these structures in my memoir " On Cephalaspis

and Pteraspis," Quarterly Journal of the Geological Society, 1858, vol. xiv.

VOL. XVII. PART I. N
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from the list of Dibranchiate Cephalopods, and consequently that the

pakeontological history of this group cannot, at present, be traced

back further than the beginning of the Mesozoic epoch.

The distinction of species among the Pteraspides is a difficult

matter
;
and, pending investigations which I have been for a long

time making on this subject, I leave open the question whether
Prof. Roemer's specimens are or are not types of a new species,

which, in the latter case, must be termed Pteraspis Dunensis.

In conclusion, I may remark that, as I have already pointed out

elsewhere (British Association Eeports, 1858), the test of Pteraspis,

as commonly met with, consists of only a part of the cephalic shield

of that singular fish, the whole shield being not a little similar to

that of Cephalaspis. In Pteraspis rostratus, for example, the entire

shield has the form indicated by the subjoined outlines, of which A
represents a dorsal, and B a lateral view. It consists of a cephalic

rostrum (a), more or less elongated and pointed according to the

species, passing posteriorly into the broad shield (b), which (as

the dotted lines indicate) is commonly found broken off and alone.

When perfect, this is produced laterally and posteriorly into two
comua (c), and in the middle line behind passes into a broad

prolongation (cZ), which gives rise interiorly to a long, curved, and
backwardly produced spine (<?). Upon each side of the test, where
the rostrum joins the rest of the shield, there is a round well-

defined aperture (/), which may be either the orbit or the nasal

aperture.

It is not easy to find an exact parallel for such a cephalic covering

as this among existing fishes. Loricaria, Tetrodon naritus, Acipenser,

and Spatula ria seem to present the nearest analogies,—the two
former being much more remote than the two latter. In fact, if the

bony cephalic shield of the Aeipenseroid fishes were ossified in one

piece, it would very closely resemble that of both Cephalaspis and
Pteraspis, and would hardly (lifter more from either than the two
from one another.

3. On tJie " Chalk-rock," the Topmost Bed of the Lower Chalk, in

Berkshire, Oxfordshire, Buckinghamshire, &fc. By "William
Whitaker, B.A., F.G.S., of the Geological Survey of Great
Britain.

The bed to which I have elsewhere* given the name of "Chalk-
rock/' I believe to form the division between the Upper and Lower
Chalk, and to be the topmost bed of the latter. I have described it

as "hard blocky chalk, jointed perpendicularly to the plane of bedding,
with lines of irregularly shaped, hard, calcareo-phosphatic nodules,
which are green outside, but cream-coloured within." It breaks
with an even fracture, rings when struck with the hammer, and is

of a pale cream-colour (the nodules being darker than the rest).

* Catalogue of Rock-Specimens in the Museum of Practical Geologv, 2nd
edition, p. 296.
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For some time I thought that this bed had escaped the notice of

geologists ; but Mr. Prestwich tells me that he has long known of it.

It has also been noticed by Mr. Evans, of Hemel Hempstead, and
Mr. W. Cunnington, of Devizes. However, I believe that no account

of it has yet been published, with the exception of the short de-

scription above referred to.

My own observations have been confined to the counties of "Wilts,

Berks, Oxon, Bucks, and Herts—that is, to the northern side of the

western part of the London Basin,—in which area I found that the

Chalk-rock reaches its greatest thickness to the west, gradually thin-

ning eastwards.

I have found but few fossils in the Chalk-rock ; but Mr. Evans
most kindly sent those that he had collected (near Boxmoor) to the

Museum of Practical Geology. They have been determined by
Mr. Etheridge, and they make up the greater part of the following

list;—

Fossils of the " Chalk-rock."

Baculites. Spondylus latus.

Nautilus. Sp. spinosus.

Ehyncholites (of Nautilus).

Turrilites. Rbyncbonella Mantelliana.

Terebratula biplicata.

Trochus ? T. seiniglobosa.

Turbo?
Parasmilia.

Inoceramus.
Pachymya ? Ventriculites.

In Wiltshire I saw only one section of the Chalk-rock, not having
time to search for others ; this, however, showed a far greater thickness

of it than I have elsewhere seen. It is in a cutting on the turnpike-

road leading up the chalk-escarpment that forms the northern side

of the Pewsey Valley, nearly four miles S.S.W. of Marlborough. The
Chalk-rock is cut into near the top of the hill ; and the following-

alternations may be seen in it :

—

ft. in.

Nodules, with a little cherty flint at the top "1

in parts > about 3 3
Hard rocky chalk J

Nodules

Hard chalk

Nodules

Hard chalk

Thin line of nodules

Hard chalk

Nodules "]

Hard rocky chalk I g 4
Marly seam

j

"

Hard chalk J

Nodules » Q 2

11 4
jr 2

2 3

2 4
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As the beds below the last line of nodules were hidden by fallen

rubbish, I could not see the full thickness of the " rock." The beds

of nodules are two or three inches thick.

Working eastwards, the next place at which I have seen the

Chalk-rock is in the neighbourhood of East Ilsley, in Berkshire,

where, indeed, I first noticed it. Here its thickness is not much over

4 feet.

About half-way between Pangboum and Bassildon, in a large pit

on the Oxfordshire bank of the Thames, it is seen to be about 6 feet

thick ; and in the neighbourhood of Henley-on-Thames it is about

4 feet. At this last place, the Chalk-rock and the Lower Chalk occur

as an inlier, being surrounded on all sides by Upper Chalk. There are

three good sections on the northern side of the Thames between Henley
and Medmeuham. In these, as well as in the section above Pang-
bourn, its position in the Chalk is well shown. It forms an exact line

of division between the Upper Chalk (with flints) and the LowerChalk
(without flints),— there being generally a bed of flints lying on its

upper surface, whilst there are none either in or below it, with the

following exception, which does not in any way disprove the rule.

In a chalk-pit just above Greenland Lodge, near Henley, there is a

section aeross a small fault, from which, below the Chalk-rock,

proceed two highly inclined fissures, some feet in length, but not

more than a quarter of an inch broad ; each of them is filled with

a liae of flint, which must clearly have been deposited from some
siliceous solution that found a channel down the fissures, and
which must therefore be of later date than those fissures. These
two lines of flint have no relation to the beds of flints in the chalk

above the " rock," but are inclined* at a high angle to the line of

bedding.

Still working eastwards, the Chalk-rock may be occasionally seen

along the chalk-escarpment, at no great distance from the top, and
also on the flanks of the main valleys running at right angles to the

strike of the Chalk (and differing from the lesser valleys, which are

dry, in containing streams).

As the dip of the Chalk is not much greater than the fall of these

valleys, the Chalk-rock does not disappear along them for many
miles inland from the escarpment. Thus, along the Loudwater
Valley it occurs as far south as Wycombe Marsh ; in the Misbourne
Valley it reaches to a point a little below Amersham

;
along the

Chess Valley, to nearly three miles below Chesham; and in the

Berkhampstead Valley to some spot between Boxmoor and King's

Langley.

Near High Wycombe, and to the east of that town, the Chalk-rock

loses its hitherto well-marked jointing, and breaks up into compara-
tively small pieces. In the neighbourhood of Wendover, Amersham,
and Berkhampstead, its thickness has dwindled down to 2 or If feet

;

but on the hills to the south-east of the first place there are two beds

of it, separated by a few feet of chalk.

The last section of the Chalk-rock that I saw was in a pit near the

Boxmoor Railway-station, where for the first time I noticed beds of
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flints below the rock. Of these I saw but two ; and in each the flint-

nodules were widely separated : it is possible that here also there

may be a second bed of the "rock" lower down. Besides the sections

that I saw, I also often heard of the occurrence of this bed in well-

sinking. Where it is thick, the well-sinkers are obliged to blast it,

on account of its hardness.

"Where there are good clear sections, as near Henley, its upper
boundary will be seen to be sharply defined, the lower one not ; so

that I should take it to belong to the Lower rather than to the Upper
Chalk. The few fossils that have been found in it bear out this

view.

In the parts of the chalk-country of Surrey and Kent known to

me, I have not noticed the Chalk-rock ; but my friend and colleague

Mr. Drew tells me that he has seen, in the former county, a bed
that seems to be like the Chalk-rock of Bucks, Berks, &c, and in

the same position. It may be seen on the flank of the chalk-escarp-

ment in the large quarries near Guildford, and in others between
Dorking and Beigate (north of the word " Betchworth " on the

Ordnance Map), where it is about 25 feet thick ; and also in the

valley along which the Caterham Branch-Railway runs, at the

Bose and Crown, about four miles north of the escarpment. The
following section taken at this last place has been given me by Mr.
Drew :

—

Reconstructed Chalk 4 or 5 ft.

Chalk with flints about 25 „
Chalk with nodular structure and a few scattered

From the above, it is clear that the bed is very thick about

here*.

Prom the account of the chalk-cliffs near Dover, given by Mr. W.
Phillips, in the 'Transactions' of the Society f, I cannot clearly

make out its presence there. If it be present, it must be in great

thickness.

The " Chalk-rock," should it prove to be the topmost bed of the

Lower Chalk, as it is in the counties of Berks, Oxon, and Bucks, must
have some influence on our notions as to the extent of country taken

up by that division of the Chalk. In the above-named counties the

Lower Chalk forms nearly the whole of the great escarpment, not

being covered by the Chalk-with-flints until within a short distance

from the top, except at the highest points of the range ; runs along

the main valleys for eight, ten, or twelve miles from the escarpment;

and, according to well-sections in brick-yards, is but from 40 to 80

* Mr. Drew has lately revisited the chalk-country between Earnham and
Guildford, and he tells me that the Chalk-rock is about 25 feet thick in that

neighbourhood also.

t 1st Series, vol. v. p. 16, &c.

flints (Chalk-rock?)

Chalk without flints .

.

25
25
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feet below the surface for a considerable distance from its outcrop*.

As in the counties in question the Upper Chalk is not far short of300
feet in thickness, and sometimes quite that, it is clear that the top-

most beds of the Chalk do not generally occur either on or near the

escarpment, but that they have been denuded. The Chalk-rock will

serve as a datum for the measurement of the extent of this denu-

dation.

There are two more points that may be noticed in connexion with

the Chalk-rock. To the north and north-west of Marlborough, the

Upper Chalk has an escarpment of its own, quite distinct and separate,

and often at a considerable distance, from that of the Lower Chalk, as

noticed by Mr. Avelinef. May not this be owing to the Chalk-rock

being there very thick, as there is every reason to suppose is the case ?

Further eastwards, where the Chalk-rock is thinner, the two escarp-

ments generally merge into one.

In parts of the South of England there are flints from the top to

the bottom of the Chalk. I do not know whether it is supposed that

this flint-bearing Chalk represents both the Upper and Lower Chalk of

other parts, or the former only. The occurrence of the Chalk-rock

might set at rest the question whether the Upper Chalk only is there

present, or whether the Lower Chalk is flint-bearing. The former

case would imply an overlap between the Upper and Lower Chalk.

Postscript.— Since this paper was read, Mr. Prestwich has told me
that he has seen the bed in question on the top of the chalk-hills

between Calne and Marlborough Downs ; that it was found in a well

at Harpenden, near St. Albans ; that it has been noticed by Mr.
Bensted and others on Kit's Cotty Hill, near Maidstone (where it is

but 2 or 3 feet thick) ; and that the nodules in it have been found to

contain ten per cent, of phosphates,

A more detailed account of the sections of the Chalk-rock in

Oxfordshire and Berkshire will be given in a memoir (shortly to be

published) illustrating Sheet 13 of the Map of the Geological Survey;

and those in Buckinghamshire will be noticed in a memoir (now in

progress) to illustrate Sheet 7.

* I find that Mr. Godwin-Austen has noticed the extent to which the chalk-

escarpment of Berkshire consists of Lower Chalk. He says, " the highest point,

Uifington Camp, appears to rise no higher in the series than the Chalk-without-

flints." (Quart. Journ. Geol. Soc. vol. vi. p. 461.)

t See Memoir illustrating Sheet 34 of the Map of the Geological Survey of

Great Britain, p. 37.
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Febbtjary 6, 1861.

William Rutherford Ancram, Esq., 75 Inverness Terrace, Ken-
sington Gardens, and Thomas William Jeffock, Esq., C.E., Woodside,
Sheffield, were elected Fellows.

The following communication was read :

—

On the Altered Rocks of the Western Islands oe Scotland, and
the North-western and Central Highlands. By Sir Roderick
I. Mttrchison, D.C.L., Y.P.G.S., F.R.S., &c, and Archibald
Geikle, Esq., F.R.S.E., F.G.S.

Contents.

Introduction.

§ L Laurentian Gneiss of the Hebri-
des and North-western Highlands.
1. Lewis and Harris. rLewis.

2. Cambrian Conglomerate of the

3. Laurentian Gneiss of the main-
land.

§ II. Cambrian Sandstone and Con-
glomerate of Boss-shire.

§ III. Succession of Lower Silurian

Quartz-rocks, Limestones, and
Schists.

1. Sutherland to the Isle of Skye.

Craig-an-Knochan.
Drumdrynie. Strath Kennort.
Loch Auchall. Loch Broom.
From Loch Broom to Loch Maree.
Loch Maree.
Loch Maree to Loch Torridon.

The " Grey Heads." Loch Carron.

Loch-alsh. Loch Duich. Skye.

2. Structure of the country between
the Atlantic and the Line of the

Great Glen or Caledonian Canal.

Loch Broom to Contin.

Loch Hourn by Loch Quoich to

the Caledonian Canal.

Arisaig to Banavie.

Introduction.—In former memoirs upon the crystalline rocks of

the north of Scotland, read before this Society, it was shown by one

of us, that in the county of Sutherland, in addition to the existence

of a fundamental gneiss and an unconformably superposed Cambrian
sandstone, there is a conformable ascending series, from certain

Lower Silurian quartz-rocks and limestones, up into a group of mi-
caceous and gneissose schists. It was also pointed out, in a general

sketch-map of the Highlands*, that the order thus observable in

* In perusing this Memoir, the reader is referred to the geological sketch-map of

the Highlands previously published in Quart. Journ . Geol. Soc. vol. xv. pi. 1 2. That
map, suggestive of that geological order in the Southern Highlands which we have
since worked out, will speedily be followed by a general sketch-map of all Scotland,

with illustrative coloured sections, in which the correlation of the stratified rocks

of theHighlands with those ofmuch less altered characters in the South ofScotland,

and contaming Silurian remains, will be for the first time explained by ourselves.

3. Eepetition of the Lower Silurian

Quartz-rocks, Limestones, and
Schists east of the Line of the

Great Glen.

Line of Great Glen or Caledonian
Canal. Islay and Jura.

Prolongation of the Islay and Jura
Rocks up Linnhe Loch.

Eastern shore of Linnhe Loch.
Glen Spean. Loch Lcven.
Glen Coe.

The Breadalbane Deer-Forest.

Black Mount by Glen Orchy to

Loch Awe.
Black Mount to Tyndrum.
Tyndrum to Loch Tay.
Loch Tay.
Loch Tay to Glen Lyon.
Taymouth to Loch Eannoch and

Dalnacardoch.
Dalnacardoch to Blair.

Blair-Athol and Glen Tilt.

Blair to Dunkeld.
Spittal of Glenshee to Dunkeld.
Eastern Flanks of the Grampians.

§ IV. Conclusion.

§ V. Appendix.
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the north-western regions of Scotland probably extended south-

wards across the mountainous tracts to the south of the Caledonian

Canal. But this application of the classification of the rocks of the

north-west was based on general observations only of earlier years;

and a more exact survey was called for before it could be held as

proved that the great mass of the Scottish Highlands displayed the

same order of succession as had been demonstrated to exist in the

north-western tracts.

It was also necessary to trace the development of the Sutherland-

shire series to the south-west, through Eoss-shire, so as to complete

the base-line from which the rest of the Highlands should be worked

out in detail.

For this purpose we devoted two months of the last summer to an
examination of the Eoss-shire district and the region southwards to

the Highland border, including the islands of Lewis, Skye, Islay, and

Jura. The results of this survey, completely confirming our previous

views, are laid before the Society in the present memoir.

I. Eange of the Laurentian or Older Gneiss in the Hebrides
and North-Western Highlands.

Lewis and Harris.—As announced in previous memoirs, the

greatest spread of the Older or Laurentian Gneiss is seen in the Long
Island of the Hebrides, by much the larger portion of which is called

" the Lewis*," the lesser or southern part being " the Harris."

In both these tracts the mineralogical character of this older

gneiss, and its numerous contortions, have been so well described by
Macculloch, that little remains to be said on those heads by others.

That author has, however, omitted to state that the usual and
dominant direction of the strata is transverse to the elongated form

of this island
;
for, whilst the geographical axis of the whole, as seen

in any map, is from X.N.E. to S.S.W., the normal strike of the beds

of gneiss is from S.E. to X."W., or across the island. The traveller

who has not much time at his disposal may convince himself of this

fact in a few hours by examining the rocks which rise up to the

west of the Port of Stornoway. If he should have sailed from the

opposite mainland, and have there observed that on the shores of

Lochs Maree, Gairloeh, and Torridon the Laurentian gneiss has a

persistent strike from N.W. to S.E., with dips to the N.E. and S.W.,
he will find precisely the same phenomena in the Lewis.

"Whether he examines the various points of rock—so well exposed
in the pleasure-grounds of Stomoway Castle, and particularly those

which have been cut through by Sir James Matheson on the banks
of the torrential river Creed, or the sea-clifls of the headlands on
the east—or should cross the peat-covered moors, to the western
shores and the interior, to Morsgail or to Soval, or even should

extend his researches into the Harris beyond Athline,—he every-

where meets with the same phenomenon of a prevalent strike from

* Pronounced " Lews."
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N.W. to S.E. with countless undulations, and decided inclinations at

all angles, both to the N.E. and S.W.
In saying that the strike is from N.W. to S.E., it must be added

that this direction sometimes varies slightly to the N. and S. of

N.W. and S.E. ; but the normal strike is precisely that which prevails

also in rocks of the same mineral character on the western shores of

the mainland in Ross-shire and Sutherland.

As before shown*, the strike of this old or bottom gneiss is there-

fore at right angles, or nearly so, to the N.E. and S.W. direction

of all the superjacent crystalline rocks of the mainland, including

the quartz-rocks and limestones, and .all the overlying formations.

In no part of the Lewis is this dominant strike better exhibited than

in the hilly deer-forest of Sir James Matheson at Morsgail. There,

and adjacent to the shooting-lodge, the gneiss is admirably exposed

in several openings, and consists of infinite alternations of highly-

inclined dark hornblendic and whitish quartzose laminae, which beds,

as exposed on the sides of a burn, are rolled over and over into

numerous contortions, with dips both to the S.W. and N.E. These

strata are every here and there diversified with protrusions of highly

crystalline hornblende-rock, in parts a greenstone, which rise in large

round masses, or are distributed in geodes and layers. The abun-
dance of iron in this rock occasions the decomposition of its surface

into holes and irregular cavities ; and numerous masses so honey-

combed strew the edges of Loch Morsgail.

In the hills of Scalaval, all the gneiss, whether quartzose, horn-
blendic, or felspathic (more rarely micaceous), has again the direc-

tion from N.W. to S.E., or to points slightly deviating therefrom.

The same is seen in the mountainous masses along the shores of

Loch Langabat, where the N.E. or S.W. inclination of the beds is

strongly contrasted with the great transverse fissure occupied by that

long sheet of fresh water, which, on the contrary, is parallel to the

geographical axis, i. e. N.E.-S.W., and therefore nearly at right

angles to the strike of the ancient strata of gneiss. In short, the

phenomenon of the trend of the hills and valleys on the actual con-

figuration of the surface being transverse to the original direction of

the strata is as strikingly exemplified in the Lewis and Harris as it is

in the Harz and other masses of rock on the continent of Europe f

.

Such contrasts between the original direction of the layers of

deposit and the geographical outline of the islands are also strikingly

displayed where the low and moss-covered hills of the Lewis rise into

the mountains of Harris.

Passing from Loch Seaforth into the rocky glens of Vickadell and
Scaladell, and under the frowning steeps of Craig Arig, the Clishan,

Moolan Gorran,' and Scorse Scaladell, the highly crystalline gneiss

(here quartzose and grey) still ranges from N.W. to S.E., and dips

either to the S.W. or N.E.+

* Quart. Journ. Geol. Soc. vol. xvi. p. 216.

t See Quart. Journ. Geol. Soc. vol. xi. p. 449, and 'Siluria,' 1859, p. 414.

J These glens of Harris, radiating from lofty and steep mountains, afford

splendid evidences of glacial action, their mouths and flanks being studded with
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In numerous places the strata are strikingly interfered with by
intrusions of granite, as well as by hornblende-rock and greenstone.

In one tract only, however, that fell under our observation does gra-

nite occupy so considerable a surface as to be entitled to a place in

our forthcoming sketch-map of Scotland,—a feature unnoticed by
Macculloch and other geologists. This mass of granite comes out

at Dalbeg, on the west coast of Lewis. There, whilst the hills of

Baravas range in geographical outline from N.E. to S.W., the granitic

ridge is protruded from them to the coast on the north-west, and is

thus shown to conform in its direction to that of the main masses
of the ancient gneiss. This granite is coarse-grained and of various

colours (though the prevailing tint is red), and, containing felspar,

quartz, and mica, is entirely free from hornblende. As veins of this

granite traverse the gneissose rocks, it is evidently of later origin

than the deposition of the gneiss.

Besides the usual varieties of gneiss, whether consisting of layers,

of quartz and felspar with mica or with hornblende, white hyaline

or flinty quartz is occasionally seen in the form of layers of both pink

and white colours, sometimes presenting the appearance of having

been injected amid the layers of gneiss, in the same manner as

the numerous granitic veins. In some places the laminated and
bedded gneiss has undergone great decomposition, as at Garrabost,

in the promontory of Eye. There, near the entrance of the Chemical

Works * under the direction of Mr. Paul, the gneiss, consisting of

fine layers of quartz, felspar, and mica, has been so affected by
atmospheric influences as to exhibit the following appearances.

The felspar having decomposed and passed into heaps of clay, the

quartz-grains and the flakes of mica remain in the form of a frame-

work which might pass for an incipient band of soft ordinary mica-

ceous sandstone formed on the shore of the present sea. Again, the

felspar of the old gneiss contains a considerable admixture of lime,

and hence it affords, on decomposing, not merely good clay, but

much carbonate of lime in solution. Thus detached fragments of the

overlying conglomerate, of which we are about to speak as seen on

either side of the bay of Loch Tua, over which the water trickles

down from the decomposing gneiss to the shore, as well as the

pebbles and shells of the present bay, are bound together on the

slopes of the cliffs and on the sea-shore by the cementing carbonate

of lime, and form a hard calcareous grit and conglomerate. Before

we quit the consideration of this fundamental British rock, as seen in

the outer Hebrides, we would beg our readers to consult the various

chapters of Dr. Macculloch in which he dwells upon the dull and
monotonous character of the gneiss in all this range of islands, as con-

trasted with the descriptions of the same author of his so-called gneiss

of interior portions of the mainland. For, although he grouped various

and dissimilar rocks in the family of gneiss, and gave no proofs of

stupendous erratic blocks. The lulls of the Lewis are too low to hare been the

seats of glaciers : and on that northern portion of the island erratics are scarcely

to be discovered.

* For the distillation of bitumen from peat.
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their true succession, he had, even in his day, so faithfully delineated

the essential mineralogical distinctions between the gneiss of the

"Western Isles and that of large tracts of the mainland on the east, as

to prepare the way for those who, like ourselves, have worked out the

proofs of a clear order of superposition. Combining these proofs of

succession with the manifest distinction in the lithological structure

of the two classes of rock, we are of opinion that no geologist can

confound the Laurentian or fundamental gneiss with the so-called

gneiss of the superior crystalline schists, which, instead of being a

massive hornblendic and granitoid rock like the first-formed, is, on the

whole, a flag-like, micaceous, and quartzose deposit of very different

characters.

Although we have not, like Macculloch, traced the persistence of

this same Hebridian or Laurentian gneiss through all the isles where
it abounds, we have observed it in the Isles of Rona and Raasay. It

forms the whole of the former island, and the northern end of the

latter at Castle Brochel in Raasay; it is overlain by Cambrian shales

and sandstones, which, towards the south end of the island, are re-

placed by coarse conglomerates, well seen in the watercourses south

of the road from Raasay House* to the eastern shore, as well as

along the cliffs of the opposite Island of Scalpaf.

Cambrian Conglomerate of the Lewis.—With the exception of

superficial accumulations of sand, clay, or pebbles, the island of

Lewis offers nowhere any deposit overlying the ancient gneiss, except

an old conglomerate composed exclusively of fragments of that rock,

associated with a few sandy layers. These beds are exhibited at in-

tervals on both sides of the Bay of Loch Tua. They are made up of

pebbles of the older gneiss, varying from the smallest size to boulders

larger than any among the Cambrian rocks of the mainland : their

chocolate-red colour, precisely that of the sandstone strata of Suther-

land and Ross, is probably due to the extensive decomposition of

the iron of the hornblendic masses which prevail in the subjacent

gneiss.

As this conglomerate is unknown in the Lewis, except upon the

headlands and bays east of StornowayJ, where it is exactly opposite

to the Cambrian conglomerates and sandstones of the mainland of

Ross-shire, which also are formed exclusively out of the subjacent

bottom-gneiss, and dip away to the west, as if passing to the Lewis,

* Mr. Geikie has explored and mapped the geology of Raasay, with reference

especially to its Oolitic strata, and hopes soon to be able to lay the results before

the Society.

t In a new sketch-map of Scotland, now in course of preparation, we have
represented the Isles of Tiree, Coll, and Iona as composed essentially of Lauren-
tian gneiss, not only because they are identified with the gneiss of the Long
Island by the minute description of Macculloch, but also from the independent
testimony of the Duke of Argyll, who lately visited his property in Tiree.

Thoroughly well acquainted with the character of the so-called gneiss of Argyll-

shire, where granites and intrusive rocks equally abound as iu the Hebrides, his

Grace so recognized the striking lithological distinction between the two classes

of rock, that he declared to us that no such gneiss as that of Tiree exists on the

mainland.

\ The Lighthouse and part of Stornoway stand on this conglomerate.
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there can be little doubt, in our opinion, that the Lewisian beds

formed the western or shore-side of an extensive trough of a deposit

of the same age, the central portions of which are covered by the

waters of the broad channel of the Minch.

On the mainland, indeed, there are decisive proofs that these

sandstones and conglomerates are of Cambrian age, because they are

clearly surmounted, as shown in previous memoirs, by strata con-

taining Lower Silurian fossils. In the Lewis, however, where there is

no upward sequence, the inference that they are of the same remote

age must rest upon the fact of their being made up exclusively of the

Laurentian gneiss, and on the appearance they present of having been

a portion of the same great range of red and chocolate-coloured

sandstones which occupy the opposite headlands of Ross and Suther-

land. At the same time it is right to state that the sandy beds in-

tercalated in the conglomerates of the Stornoway headlands are so

infinitely less coherent than the red sandstone of the mainland (for

the thin courses of sand in the Lewisian beds are rarely in the form

of solid stone, but have rather a soft marly character) that some
doubt must always remain as to the true age of these insulated de-

posits. It is the more essential to enter this caveat, because there are

red conglomerates at various places along the west coast of Scotland

(as, for example, at Oban), the ages of which are also incapable of

rigorous demonstration, from the absence of any overlying deposits.

The conglomerate of the Lewis is cut through by dykes of green-

stone, which have a direction from N. by W. to S. by E., and are well

exposed on the northern face of the headland of the Eye. Contain-

ing some olivine, these dykes of greenstone have produced a marked
effect on the conglomerate through which they cut, as seen on the

sides of the cliffs. Elanked on either side by a thin " Sablband " of

Lydian stone which separates the greenstone from the conglome-

rate, the latter is for a yard of a whitish colour,—the red colour of

the rock, as due to the presence of iron, having been driven off.

Laurentian Gneiss of the Mainland in Ross-shire.—Descriptions

have previously been given of the character of the older gneiss of

Sutherland, where it usually forms low headlands on the sides of

deep bays, and is uneonformably surmoirnted by mountainous masses

of Cambrian Sandstone. The same rocks, extending southwards

along the western shore, expand largely in Ross-shire, as exhibited in

Gairloch and on the sides of Loch Torridon, as well as on the eastern

side of the long freshwater Loch Maree. On the right bank of Loch
Maree this gneiss contains both limestone and ironstono, which occur

in bands regularly interstratified, and which have the normal strike

of these ancient beds, as in the outer Hebrides. This strike from

N.W. to S.E. is therefore parallel to the great depression occupied

by the water of Loch Maree. In no portion of the North-western

Highlands is there a tract which more completely exhibits the en-

tire independence of this Laurentian gneiss of all those overlying

deposits, also termed gneiss, with which Prof. Nicol has recently

sought to identify it, both in his Geological Map of Scotland and

in his memoir read before the Geological Society. We therefore
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call special attention, not only to the N.W. strike of the beds of this

fundamental rock, as contrasted with the north-easterly strike of the

eastern rocks, but also to the marked distinctions in lithological com-
position between it and any of the overlying masses.

The older gneiss which ranges along the north-eastern side of

Loch Maree, and rises in some places to several hundred feet above

the water, is unmistakeably the same hard, massive, and highly

crystalline rock as elsewhere in the outer Hebrides and the coast of

Sutherland. At several places it exhibits subordinate layers of fine

schistose limestone, which above the House of Letter-Ewe is encased

in dark-grey gneiss (fig. 1), occasionally schistose, with white quartz-

Fig. 1.

—

Section across Loch Maree at Letter-Ewe.
s.w. N.E.

a

a. Gneiss. a*. Schistose limestone.

b. Cambrian sandstone and conglomerate.

c. Quartz-rock.

veins. This limestone, which has been quarried by the proprietor on

both sides of the torrent Fuolish, is for the most part a whitish or

cream-coloured, scaly, fracturing rock, and, though here and there

mixed with earthy greenish schist and gneiss, it is in parts a bril-

liant snow-white saccharoid marble. "Whether, therefore, we look

to its composition, or to that of the enveloping gneiss, this limestone

is as distinct as possible from the dull grey-and-white limestone,

which, subordinate to the quartz-rock and overlying series of strata,

has also a totally discordant direction. The one rock must therefore

have been formed long ages before the other.

In the sequel we will endeavour to show, when explaining the

details of another section, that it is physically impossible that this

Laurentian gneiss of Loch Maree should, by any great upheaval, be

so placed as to lie conformably upon Lower Silurian limestone and
quartz-rock to the west of Krnloch Ewe. In the mean time we
would point to the geological map of Professor Nicol, to indicate a

serions erratum as to the direction of this limestone, which occurs in

the gneiss of Loch Maree. It is therein represented as directed from
N.E. to S.W., and therefore as passing across to the S.W. side of the

loch*. If this were correct, some persons, who have not visited the

* Prof. Nicol has here, and in many other portions of his map, followed

Macculloch.
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tract, might be led to believe tbat this lower gneiss, being parallel

to the gneiss on the S.E., was truly part and parcel of the same
series of deposits as the rocks on the S.E. ; for in that case they

woidd only have to imagine the intervention of a stupendous fault.

But the plain fact entirely overthrows this hypothesis. The older

or gneissose limestone trends rectangularly to the direction which has

been assigned to it, and hence it cannot (being a true bed) traverse

the loch as represented. In fact, there is no trace of limestone on
the left or S.W. bank of Loch Maree, though, at some miles distant,

in Gairloch, and, again, subordinate to the north-westerly strike of

the Laurentian gneiss, another thin course of limestone has been
detected, and partially worked. In short, between Loch Maree and
the sea-board at Gairloch, wherever the fundamental gneiss is un-
covered in low masses beneath the superjacent masses of Cambrian
sandstone (the highly-inchned strata being admirably exposed in

the gorge wherein the River Kerry forms the picturesque Falls of

Andrcsy), the persistence of the N."W. strike is clearly maintained.

Again, near Shieldag, and at the headlands on either side of the

mouth of the maritime Loch Torridon, as seen at the Point of Grabeg,

and extending up the loch westwards, the Laurentian gneiss has the

same north-westerly strike as in Loch Maree and Gairloch, in Suther-

land, and in the Lewis, and is seen dipping sharply to the N.E.
wherever its eroded edges thin off into low hummocks under the stu-

pendous and mountainous masses of the Cambrian sandstone forming

the ragged overhanging cliffs on both shores of Loch Torridon.

In this district the underlying massive gneiss is perforated by
numberless intrusions of granite, as in the fiords of Sutherland, and
is in itself undistinguishable from the rocks of the same age which
range from Cape Wrath to Loch Liver*. It is therefore, we repeat,

most easily distinguished by its general aspect and structure from
the overlying flag-like rocks with which it has been confounded.

II. Cahbriax Saxdstoxe axd Coxglojierate.

In former memoirs these rocks, particularly as they occur in

Sutherland, have been so fully described, whether, as formerly,

under the misnomer of Old Red Sandstone, subsequently by Pro-

fessor Xicol as simply Red Sandstone, or by one of us as Cambrian,

that on this occasion we need only advert to them in their prolon-

gation through Ross-sliire from the north of Loch Broom on the

N.N.E. to Applecross on the S.S.W.

In this tract these rocks range from about sixty miles in length,

and over an average width of not less than twenty miles, and form
clusters of mountains varying from 1500 to 3500 feet above the sea,

their lowest beds being seen in numeroiLS places to repose on the

Laurentian or fundamental gneiss. The promontories on both sides

of the marine Bay of Gairloch, as well as the noble mountains of

Applecross, consist of slightly inclined masses of this chocolate-

coloured sandstone, which there dip very gently seawards from off

the older gneiss, or to the "W.N.W. In following these same rocks

* Quart. Journ. Geol. Soc. vol. xv. p. 361 ; and vol. xvi. p. 218.
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towards the interior of Ross-shire, their lower beds, particularly on

both sides of Loch Maree, either consist of conglomerates made up
exclusively of the gneiss on which they rest, including much white

quartz and felspar, or they are very coarse grits, which pass upwards
into the fine siliceous chocolate-coloured sandstone. This junction

of the lowest beds of the Cambrian is well exposed on the N.E. side

of Loch Maree, on the sides of the Haasach Stream, and partictdarly

at the base of the lofty mountain Sleugach, which is essentially a

Cambrian rock. There the fundamental gneiss, in low headlands,

dips S.W. at 70°, and the overlying sandstone, at 10° to 12°, to the

E. by N.
Again, on the opposite or western side of Loch Maree, where the red

and chocolate-coloured sandstone, covered by gorgeously rich thickets

of fern, heather, and grand old Scotch-firs, approaches the older gneiss

of Gaiiloeh on which it rests, the basement-strata become first coarse

and gritty, and then form here and there pebbly conglomerates.

From the western shores of Loch Maree this Cambrian sandstone

rises into a noble, lofty group, some of the summits of which, being

capped by whitish Lower Silurian quartz-rock, have led the natives

to style these mountains "Ben Too leach," or " the Grey Heads."
Looking from the hills east of Loch Maree to these mountains on

the west, which range from Ben Eay by Boostag to Ben Aliigen,

on the south side of Loch Torridon, the spectator has within his

vision massive mountains, whose summits range from 3000 to 3500
feet above the sea. Now, all the strata of this mountain-group,
which cannot on the whole be estimated as having a less thickness

than 7000 or 8000 feet, and which rest in unconformable positions

on the Laurentian gneiss, are on numerous summits capped by un-
conformable strata of quartz-rock with subordinate limestone. In
fact, the Cambrian strata undulate in such slightly inclined positions

as seldom to exceed 12° or 15°, whilst the subjacent gneiss and the

overlying quartz-rock are frequently highly inclined. These Cam-
brian rocks, whether inclining gently to the W.N.W. or to the

E.S.E., constitute therefore a thick series of intermediate strata,

which are quite unconformable both to the rocks beneath and to

those above them.

In striking contrast to these unconformities, we shall presently

point out that, along a frontier of many miles in length, the geolo-

gist has no sooner passed over the fundamental gneiss and the Cam-
brian sandstone, and marked the transgressive junction of these

rocks with each other and also with the overlying quartz-rock, than
he meets thenceforward, in all the great overlying crystalline masses,

with a perfect conformity of direction of all the strata to each other

;

and that (omitting a few spots where local dislocations have oc-

curred) there exists a perfect ascending order from the Lower Silurian

quartz-rocks and limestone into younger and higher masses of mica-
ceous, quartzose, and chloritic rocks (including occasionally a younger
gneiss), not merely in the North-western Highlands, but also in the

Southern Highlands, including the Isles of Islay and Jura, and the

counties of Inverness, Argyll, Perthshire, &c.
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III. Succession of Lower Silurian Quartz-rocks, Limestones,

and Schists.

1. Sutherland to the Isle of Skye.

In a former paper, the succession, of Lower Silurian quartz-rocks

and limestones upon Cambrian sandstones was traced to the southern

confines of the county of Sutherland. In the present memoir we
propose to take up the lines where they were then left, and trace

them southwards through Ross-shire into Skye.

Craig-an-Knochan.—The enormous escarpment of limestone that

ranges southward from Inchnadainff becomes less in its southward
progress, owing to a gradual thinning away of the calcareous strata.

The general succession, however, remains the same. These facts

are well shown at the watercourse which divides the counties of

Sutherland and Ross, where it pours over the cliff of Craig-an-

Knochan. This cliff, here from 60 to 100 feet high, is formed by
the escarpment of the limestone, and shows along the whole course

a clear section of the strata. The road which skirts its base runs

upon the white quartz-rock that stretches westward, across a mossy
valley, and then ascends for some way up the sides of Coul-more,

an enormous denuded mountain-mass of gently inclined Cambrian
sandstone. The white quartz-rock is surmounted by brownish
beds containing fucoid impressions, these again by a band of white
quartz-rock, above which comes a thick white limestone reaching

to the summit of the cliff, where it begins to slope below quartzose

Pig. 2,—Section at Craig-an-Knochan.

Coul flfore. Road.

b. Cambrian sandstone and conglomerate. c3 . Quartz-rock.
c 1

. Quartz-rock. c4 . Limestone.
c*. Fucoid-bed. c2. Limestone. d. Gneissose scbist.

micaceous beds, the whole dipping E. or E.S.E. at 10° to 15°. The
details, of course, vary considerably even in the course of a few
yards ; but the general order remains the same, the limestone being
regularly intercalated between a series of white quartz-rocks below,
and a set of quartzose schists ( = the Upper Gneiss of previous
papers) above.

This order continues to be observable until the road deflects a
little to the south-east, crossing the limestone, which then plunges
below a series of lonely mountain-tarns, and is not again seen until
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we reach Dmmdrynie, about a mile and a half to the south. The
schistose series which covers the limestone, however, is well ex-
hibited along the roadside. It consists of quartzose, micaceous,

fissile, and flaggy strata, to different parts of which the terms
quartz-rock, grit, or mica-schist might be correctly applied. The
general dip is a gentle one to the E. or E.S.E. ; and as the road quits

the lochs and winds along the west side of a broad valley, the

strata can be seen to the east, rising terrace over terrace, with the

steep fronts facing the west, and the sloping declivities dipping

eastward, like their component strata.

Drumdrynie.—At Dmmdrynie Cottage, which lies on the west
side of the road between Inchnadamff and Ullapool, the limestone

again appears. Here, too, it is clearly interpolated between a lower

quartz-rock and an upper quartzo-micaceous series. It is seen on
the gentle ridge behind the cottage ; thence it descends, crosses the

stream and the road, and keeps along the roadside as a terrace or

escarpment similar to that of Craig-an-Knochan, but greatly lower.

The succession can be studied with advantage in the stream, and
also along the roadside for fully two miles, where the following

section is observable :

—

Fig. 3.

—

Section South of Drumdrynie Cottage.

b. Cambrian sandstone and conglomerate. c2. Limestone.

c\ Quartz-rock. d. G-neissose schists.

The strata which repose upon the limestone, when traced across

the hill to the farm-house of Langwell, are seen to be frequently

twisted into crumpled laminae, often highly micaceous. They gra-

duate upward into dark-grey or greenish flaggy beds, which at one

time might be called gneiss, at another mica-slate, at a third clay-

slate ; but by far the most abundant material in their composition

is quartz. They are well exposed at the head of Strath-Kennort, a

short way above Langwell, where the river bursts through a narrow
gorge in some picturesque cascades. The strata here are dark and
schistose, with a mass of porphyiitic felstone, running parallel to

their strike.

Strath-Kennort.—Strath-Kennort is a valley which extends in

an east-and-west direction from the maritime loch of the same
name to the cascades just mentioned. The limestone, after ap-

proaching within a short distance from the north side of the strath,

is lost under the herbage, though a quantity of fragments and an

old kiln may perhaps indicate its site on that side. On the oppo-

vol. xvri.

—

part i. o
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site side, however, it is readily apparent by the bright verdure of

the knoll in which it protrudes into the valley.

A small streamlet has laid open the junction of the limestone

(which is here of much greater thickness than where last seen) with

the superjacent beds. The main mass of limestone is greyish or

bluish-white and grey, weathering grey or yellow ; but the upper
part is white. It is surmounted here by a bed eight to ten feet

thick of white quartz-rock, which dips below a series of schistose beds

that incline to E. 30° S. at 20°. The band of quartz-rock thickens

greatly towards the N.W., and is marked by veinings of serpentine.

The schistose series is of various shades of green, grey, or white,

micaceous and quartzose, the laminse being much contorted.

The strike of the strata carries them obliquely up the southern

side of the strath ; and we can mark that in their progress the lime-

stone rapidly thins off, while its overlying band of quartz-rock

thickens in a corresponding way. About a quarter of a mile east

of the cascades formed by the descent of the waters from a chain

of small lakes into the strath, a fault has thrown the limestone

150 or 200 feet down the face of the cliff. At the top of the

escarpment, resting on the great lower white quartz-rock, the lime-

stone is again seen, but rapidly diminishing in bulk, until, in a few
yellow knobs half-buried in the long brown bent, we lose trace of it

altogether. After a short distance we meet with another band of

limestone along with a series of shales and sandstones. The section

here displayed is partly obscured by a morass, and partly by a fault,

which, however, since it traverses the strike of the beds, probably

does not materially affect the order given in the annexed figure.

From the frequent thick covering of peat and heath, it was dif-

ficult to determine the course of the limestones. The beds between
the seams appeared to grow more calcareous, until the whole be-

Fig. 4.

—

Section of South side of Strath-Kennort.

c. Quartz-rock and a band of limestone.

d. Gneissose schists including a bed of limestone.



1861.] MTTRCHISON AND GEIK.IE HIGHLANDS, 183

came one thick limestone resting on quartz-rock, and dipping below
gneissose flaggy beds. This limestone follows a curved, sinuous
line across the hilly ground to Loch Auchall, now seeming to dis-

appear beneath the vegetation, and then swelling out again into

irregular lenticular mounds and ridges. The curving of the line

of strike conforming in great measure to the contour of the ground,
shows clearly enough that there is no great line of fault here. The
strata dip to the south-east, and unequivocally pass under a superior

group of thin-bedded micaceous and quartzose schists.

Before quitting Strath-Kennort, it may be well to mention that

this deep valley affords a good illustration of the varieties of form
and colour imparted to a landscape by changes in the character

of its composing rocks. Standing at the lower opening of tbe strath,

all is sombre and brown. The dull-red Cambrian sandstones, hoary
with lichens, project their rounded edges out of a shaggy mantle
of dun heather and stunted bent. Further up the glen, however,
where the quartz-rock descends upon the slopes, masses of snowy
crag stand out from the dull herbage. Beyond this a bright-green
knoll, protruding from the brown hillside into the browner valley,

reveals the presence of the limestone, while, far away at the head of

the strath, dark crags and grey scars, rising terrace over terrace,

with still the same dull heath between and above them, show where
the upper gneissose beds have begun to set in.

Loch Auchall.—The sections in the deep gorge of the Auchall,

from the lake to the sea near Ullapool, afford a clear exposition of

the order of succession. They have been well described by Pro-
fessor Mcol*; and we cannot resist quoting a passage from his

memoir. " On the steep slope," he says, " first the limestone crops

out, then the serpentine, and above all the gneiss, forming the
summit of the hill, where it dips at 10°-15°, S. 30° E., though
with slight undulations. The rocks may be traced round the south
side of the hill, placing their relations to each other beyond all

doubt. A vertical section through the summit would pass in suc-

cession through the gneiss, serpentine, limestone, quartzite, and
probably the red sandstone."

The limestone in this section has attained a great thickness. We
estimated it at somewhere about 500 or 600 feet. The " serpen-

tine " of Professor Nieol deserves some notice. In his section of

Loch Broom he has represented this rock as a bed intercalated be-

tween the limestone and his " upper gneiss." And this is un-
doubtedly its true position, although he has subsequently endea-
voured to explain away what he at first regarded as " beyond all

doubt," by supposing that the " serpentine " has come up in a great

line of fissure, and that the " upper gneiss " is not upper gneiss at

all, but the old Laurentian rock brought up by a gigantic fault.

The rock, as seen at Loch Auchall, we should call a porphyry, or

porphyrinic felstone with serpentine. It is disposed in rude beds,

irnder which the limestone dips, and which are ranged in parallel

ridges dipping in the same direction with the limestone. Near the

* Quart. Journ. Greol. Soc. vol. xiii. p. 21.

o2
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latter rock it is full of green serpentine, some parts of the mass
consisting almost wholly of that mineral, which becomes less and

less abundant away from the limestone. The chief component mi-
nerals of the greater part of the porphyry are pink felspar and
semitransparent quartz, the latter occurring sometimes in circular

patches. Lastly, at least at one point, the quartz and felspar gra-

nules are distinctly rounded, and the rock contains numerous rounded

pebbles of quartz and jasper, some of which are as large and round

as walnuts. This same rock occurs also on the shores of Loch
Broom ; and the section there laid open will be immediately de-

scribed.

The Upper Gneissose series does not immediately cover the lime-

stone, owing to the occurrence of this felspathic rock ; while the

junction-line is still further obscured by a thick covering of peaty

matter. But from the head of the gorge the shelving beds of that

series can be seen along the margin of Loch Auchall, having their

prevalent easterly dip.

Descending the gorge of the Auchall River by the post-road, we
cross the admirable section of the limestone, quartz-rock, and Cam-
brian sandstones described by Prof. Nicol. That geologist also de-

tails the section along Loch Broom ; but there are some features in

the coast-bine which it seems ncessary to describe here.

Pig. 5.

—

Section along the North side of Loch Broom.

a. Gneiss. d. Gneissose scliists.

b. Cambrian sandstone and conglomerate.

c\ Quartz-rock. * Serpentinous and felspathic rock con-
c2. Limestone. taining pebbles of jasper.

Loch Broom.—The town of Ullapool stands nearly on the line of

demarcation between the quartz-rock and the subjacent Cambrian
sandstones. Following the clear natural section along the high
road from Ullapool to the south, we find the quartz-rock in well-

marked beds dipping E. 4° to 10° S., at 10° to 15°. Towards its

upper part the rock assumes a pink tint in alternate bands of

lighter and darker shades. Annelide-burrows are numerous ; and
it is worthy of remai-k that the tubes are white in the reddish rock,

recalling the aspect of those in many parts of the Carboniferous

rocks, where, from an under surface of shale, dark worm-pipes
ascend into white sandstone. Alternations of argillaceous shale

occur among the quartz-beds ; and at the bridge of Ault Corry we
meet with the limestone. Here, however, it is only about 10 or

12 feet thick, and dips E. 30° S., at 15° to 20°. It is covered by a

bed of what Professor Nicol calls " serpentine or felspar-porphyry,"

which, in his section of Loch Broom*, is correctly represented as

* Quart. Journ. Geol. Soc. vol. xiii. p. 22.
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interstratified between the limestone and a higher micaceous series.

He has since endeavoured to invalidate his first impressions of the

locality, in order to support a theory subsequently embraced by him,
that what he called " upper gneiss " is really the lower Lau-
rentian rock brought up by a great dislocation. To favour this

explanation, he now lays stress upon the eruptive character of this

porphyry, and seeks to show that it has come up in a line of frac-

ture, carrying up with it the older gneiss. But for this hypothesis,

there is assiu-edly no foundation in the sections so well exposed
along the shores of Loch Broom. Prof. Kicol's first reading of the

geological sequence, from which he has since so widely departed, is

the correct one, and so palpable, indeed, that it coidd not easily be
missed. There are some features of this so-called " felspar-por-

phyry," however, which deserve special attention, since they bear

on the elucidation of the nature and process of the metamorphism
of the Scottish Highlands, and were carefully examined by one of us
along the sea-margin, the post-road, and the intervening ground.

Where it overlies the limestone, it is a greenish, quartzose, ser-

pentinous rock. Tracing it clown to the shore and along the line

of low cliffs, we find the serpentine diminish in quantity, its place

being taken by pink felspar with a plentiful admixture of quartz-

granules. In this part of the rock, small rounded pebbles of red

jasper were observed; and a close scrutiny soon showed that such

pebbles, along with others of white and pink quartz, were abundant,

forming in some places about half of the rock. The weathered
surfaces, owing to the wasting away of the felspar, exhibited a

closely aggregated mass of small rounded granules of pink and
white quartz, which, in not a few instances, were arranged rudely

in rows like fines of stratification. Along the shore-line this rock

was found to become finer in grain, until it passed slowly into a

red sandstone, hardly distinguishable from that of the Cambrian
series, save in its paler colour and more metamorphosed aspect.

This sandstone is followed by a white quartz-rock very crystal-

line, and with no perceptible trace of bedding, though clearly itself

a bed between sheets of darker material. Above the quartz-rock

come greenish felspathic and serpentinous rocks with occasional

quartzose patches, the whole very irregular. These are succeeded

by a white and greenish serpentinous quartz-rock ; and beyond
this, the rocks, still serpentinous, shade off into quartzose flaggy

beds with a general south-easterly dip. These range south-eastward

for several miles with the same general inclination, and are in every

respect identical with the quartzose and schistose series already de-

scribed as overlying the limestone from Assynt to Loch Auchall.

This intercalated band of so-called " felspar-porphyry " certainly

does not interfere with the regularity of the order of succession.

"We do not regard it as igneous at all, further than the gneiss is

igneous. On the contrary, the greater extent of alteration towards

the limestone, the larger amount of serpentine in the proximity of

that rock, the abundant rounded granules and pebbles of quartz

and jasper, the passing of the pebbly zone into sandstone, and of the
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quartz-rocks into a quartzose flaggy series, seem to us facts which go
far to prove that this " serpentine or felspar-porphyry" is in reality

a highly metamorphosed band of felspathic grit,—the superior degree

of metamorphism being due to the existence of the limestone, and
possibly also to the large amount of felspar in the original rock.

It may be noticed in passing, that along the sides of Loch Broom
the exposed surfaces of rock are usually well rounded, smoothed,

and scratched, the strise running parallel to the direction of the

fiord, i.e. N.W. and S.E.

From Ullapool the road skirts the shore to the head of the loch,

and abounds in natural as well as quarried sections of the strata.

The quartzose flaggy schists which overlie the metamorphosed band
and the limestone have a steady dip towards the south-east, of about
15° or 20°

; sometimes, however, as about four miles south from
Ullapool, they rise to 50° or 60°, but immediately subside again to

their wonted gentle angle. At Fascrianach, about eleven miles from
Ullapool (the first stage on the road to Dingwall), there is an
admirable section both along the wayside and in a deep narrow
gorge on the west side of the road. The strata here are micaceous

quartzose flagstones, many of which seem hardly at all altered

;

indeed, we instinctively broke open the fissile plates, half hoping to

find between them some fucoid or other impressions. The dip is on
the whole south-easterly, at angles of not more than 3° or 5° ; but
the beds are here in slight undulations.

At the eleventh milestone the beds are in places irregularly lami-

nated, and split with a tough, uneven, gneissose fracture. They
are penetrated by irregular veins of white quartz, which run slightly

oblique to the planes of bedding, though in a general sense parallel

to them. But even these irregularly foliated bands are both under-
lain and covered by the usual fissile finely-laminated flagstones,

where the layers of stratification are as parallel and unbroken as in

any freestone-quarry among the Carboniferous rocks of the south.

At the branch-road to Dundonald the flaggy beds become darker

and more gneissose, and begin to assume a contorted aspect. The
dip, too, increases, and eventually becomes vertical. We crossed the

great Dirry More to Contin ; but over the greater part of this wild

region the rocks are wholly obscured. It appeared to us, however,

that the gneissose beds at the Dundonald road, after being crumpled
and contorted in a synclinal axis, probably rise again with a north-

westerly dip. It seems almost certain, at least, that between that

locality and Ben \Vyvis there must be many archings, like that on
Loch Fannieh before described*, so that the same group of rocks is

repeated again and again ; but even then the actual thickness of this

upper quartzose and gneissose series must be admitted to be very great.

Beturning to Ullapool, we shall now describe the course of the

lower quartz-rock, limestone, and upper quartzose series towards

the south.

From Loch Broom to Loch Maree.—The region between Loch
Broom and the head of Loch Maree is one of the wildest in the

* Quart. Joum. GepL Soc. vol. xv. p. 387.



1861.] MUKCniSON AND GEIKIE HIGHLANDS. 187

North-west of Scotland. There is no road, and for many miles not

even so much as a monntain-traek. Wastes of brown moor and
shaking bog ; glens once inhabited but now desolate

; lonely tarns, the

haunt of the wild duck and the curlew ; and mountain-ranges that

stretch away to the Western Ocean on the one side and the North
Sea on the other, and sweep upward among the everlasting mists

—

such are the features of a region that seems never to have been
trodden by foot of geologist. It abounds, nevertheless, with striking

and instructive natural sections. In no part of the North-west
Highlands can the order of superposition be more distinctly seen

than in this wild moimtain-tract between Loch Broom and Loch
Maree.

Crossing Loch Broom at Ullapool, the same rocks are found in the

same order, save that the limestone seems not to exist ; nor does it

come in again for a long way to the southward. Such disappearances

of the calcareous parts of the series are of frequent occurrence

throughout the whole of the Scottish Highlands, as in the Silurian

formations of England and Wales. The quartz-rock and Cambrian
sandstones sweep over the hilly ground of Ben-nam-Ban, and descend

into the valley at the head of Little Loch Broom, near the Mansion
of Dundonald. Prom this point they were traced by one of us south-

ward, up the gorge of Corry Hourachan. Here there is a clear section,

which is represented in the accompanying woodcut (fig. 6).

Fig. 6.

—

Section at Corry Hourachan, South-west side of
Little Loch Broom.

b. Cambrian sandstone and conglomerate.

c. Quartz-rock. d. Gneissose schists.

The stream has cut a deep channel, partly in the line of junction

of the quartz-rock and schistose series, and partly transverse to it,

the completest possible sections being thus exhibited. At its lower

part the stream runs on quartz-rock ; but higher up it is crossed by

this rock, which then forms the western side of the ravine, the upper

schists being peeled off and left as a cliff on the east side. A short

way above this the schists too cross, and sweep up the western side

of the valley. The quartz-rock ascends for a short way along the
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flanks of the mountain-mass of Kealloeh—an enormous denuded

range of gently inclined Cambrian sandstones.

Prom the head of the Corry Hourachan to the bealloch at the S.E.

end of Strath-na-Shallag, there is a broken track that winds among
a succession of knolls and crags, rising out of a bare moor. These

show well the character of the passage-beds of the quartz-rock into

the upper quartzose series. No igneous rock was observed in the

whole district ; and the metamorphic band of Loch Broom seems to

have died away.

At the head of Strath-na-Shallag, a streamlet descending from

the east has laid open a good section of quartzose grit, argillaceous

shale, and gneissose bands, some of the strata showing annelide-bur-

rows. It seemed a hopeful locality in Avhich to look for fossils ; but

our time did not admit of a careful examination of the rocks. Lime-
stone was formerly worked here ; but the bed escaped our search.

Ascending the valley of Loch Ned, a section occurs similar to that

of Corry Hourachan. The east side of the glen is capped by the

upper gneissose beds ; below these comes the quartz-rock, which in

turn rests on the Cambrian sandstones that occupy the bottom of

the valley, and rise up into the group of mountains lying between
Loch-na-Shallag and Loch Maree. As we ascend the valley, the

quartz-rock descends into the bed of the stream, and then begins to

ascend on the western side, stealing up the hillside, the inclination

of which nearly corresponds to the angle of dip of the beds. The
gneissose beds have been swept out of the bottom of the valley, but

they occur as outliers on the western side. Of this there is one

striking example a little above Loch Ned. The eastern slopes of Scour

Van slope down to that lonely tarn, and their lower parts are coated

with quartz-rock. A stream here descends in a series of cascades,

which, from the snowy tint of the quartz-rock and the sombre hue
of the Cambrian sandstones that form the higher grounds, are ren-

dered eminently picturesque. The watercourse for some way runs

on mclined planes of quartz-rock, above which, in distinct super-

position, are two dark peaks, outliers of a greenish serpentinous

and actinolitic gneissose rock, witb veins of red felspar (fig. 7). The

Fig. 7.

—

Section at Loch Ned.

b. Cambrian sandstone and conglomerate.

c. Qxiartz-rock. d. Gneissose schists.
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scenery of the Loch Ned Valley affords another excellent illustration

of how closely the physical aspect of a country is linked with its

geological structure.

Beyond the head of Loch Ned the glen bifurcates,—the eastern part,

or that to the left, leading to Loch Vrin, and thence to the Ullapool

road at Fascrianach, while the western branch ascends by the Beal-

loch-na-Cros to Loch-na-Fad. The latter glen has been deeply cut

by a mountain-torrent ; and its sides are likewise scarred and grooved

by watercourses, which, though usually dry, or nearly so, are rapidly

filled by the rains which sweep down the dechvities, leaving the

bottom of the pass strewn with debris. Red felspar is here espe-

cially abundant, mingled with a dark chloritic gneissose rock.

Ascending to the summit of the Bealloch-na-Cros, over heaps of

rubbish in which felspar fragments are especially numerous, we
have a wide view of the surrounding mountainous ranges. The
rocks on either side have a decided easterly dip on the sides of the

glen and along the slopes of the adjacent hills, especially those which
encircle the gloomy Corry Yichkerracher (Farquhar's Corry). The
sheet of water called Loch-na-Fad lies before us. Beyond it, to the

west, rise the enormous masses of Cambrian sandstone and Lauren-

tian gneiss that form Sleugach and the neighbouring mountains

which shoot up from the depths of Loch Maree.

A little on the west side of the upper part of the bealloch, a ravine

exposes the white quartz-rock, dipping a little north of east, at

10-15°. From this point to Loch-na-Fad, the descent lies over

mounds of debris of white quartz-rock and red felspar. Both these

rocks protrude in detached hummocks and knolls. Near the lake,

the felspathic rock becomes serpentinous, and we then, at the south

end of the lake, come upon a limestone of considerable thickness,

dipping to the north-east. "We were informed that limestone was
worked at the north end of the loch, at a place called Glen Tulloch,

but not in so thick a bed as that of Loch-na-Fad. The latter we
regard as a continuation of that seen in Glen Cruchalie, which will

presently be described.

That this limestone occupies, on the whole, the same horizon as

that of Ullapool, Drumdrynie, and Assynt, can hardly be doubted.

The amount of drift by which it is surrounded, however, does not

admit of a close examination of its junctions with the adjacent rocks

;

while the time at our disposal proved much too short for such a

scrutiny as this portion of the line of outcrop deserved. It is quite

possible that there may be some faulting here, and even to a con-

siderable extent, though the general order of succession remains

sufficiently clear. The metamorphism which is often most intense

in the vicinity of a limestone is conspicuous here. The serpentine

increases as we approach the calcareous beds
;
and, did the drift-

covered surface permit, we might in all likelihood find the one rock

passing insensibly into the other.

Below the limestone lies the usual white quartz-rock, creeping

up the acclivity on the west side of the loch, with a gentle north-

easterly dip. The lake empties itself by the River Hassac, which,
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flowing down a deep, precipitous gorge, enters the head of Loch
Maree. Where the stream quits Loch-na-Fad, the Cambrian sand-

stone sets in, extending up the loch and down the river, and rising

up into the great mountain-masses already referred to. The descent

of the ravine of the Hassac, by a tortuous and usually imperceptible

track, brings before the geologist a noble natural section. On the

south, or left side, the Cambrian strata rise for some way up the

cliff, capped by the white and grey beds of quartz-rock. On the

other side the latter strata are absent, and the Cambrians form the

craggy scarps of the ravine, till they are succeeded further down by
the subjacent Laurentian gneiss.

Loch Maree.—Loch Maree, one of the wildest of Scottish lakes,

presents a series of sections of singular clearness. With Kinloch

Ewe as his head-quarters, the geologist has a wide sweep of in-

teresting ground around him ; and we know of no locality where he
may better acquaint himself with the order of superposition of the

ancient crystalline rocks of the Highlands, or with the dislocations

and metamorphism which they have undergone (fig. 8).

The occurrence of the Laurentian gneiss on the banks of this lake

has been already described in this memoir, as well as the superjacent

Cambrian sandstones, and the inferiority of these to the white quartz-

rock. From the mouth of the Hassac river, up the valley, to the

opening of Glen Cruchalie, the quartz-rock forms the north-eastern

side of the valley ; . for the Cambrian strata rapidly dip below the

surface. A felspathic rock, however, occupies the lower part of the

cliff, and even rises to a considerable height above the valley. The
same, or a similar mass, occupies, as we shall immediately see, a

large part of Glen Cruchalie.

The quartz-rock dips in a south-easterly direction, at various

angles, up to 35° or 40°. It is worthy of remark, that it extends

further south-cast on the northern side of Loch Maree than on the

southern. On the former it continues to the line of Glen Cruchalie,

where it is overlain by the limestone ; on the latter it ends at or

near the Inn of Kinloch Ewe, where, in the bed of the stream, are

flaggy gneissose beds, indicating the upper series. The strata on
the one side of the valley, if prolonged across, would abut against

the edges of a different set of strata. Either, therefore, there must
be a very sharp and sudden change in the strike of the rocks between
Glen Cruchalie and Kinloch Ewe, or a fault must traverse the valley

along the line of Loch Maree. The latter explanation is probably

the true one. This fault, however, it is needless to remark, does

not in the least degree obscure the order of succession.

The upper beds of the quartz-rock are well exposed in Glen
Cruchalie. They dip south-easterly, at 35°, and show large surfaces

covered with annelide-burrows. They are immediately succeeded by
beds of bluish-grey and red mottled limestone, with shaly bands,

having the same general inclination.

In Glen Cruchalie the most marked rock is one similar to that

which was described as overlying the limestone at Loch-na-Fad,
and underlying the quartz-rock at the mouth of the Hassac and
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along the higher part of the valley of Loch Maree. It is difficult to

give this rock any one specific name
;

for, like that in Sutherland,

which we formerly described*, it varies greatly in mineral composi-

tion, even within a few yards. Near the limestone it is a serpentine ;

the green mineral then thins away, and quartz and felspar take its

place, while to these is occasionally added hornblende. The propor-

tions of the ingredients also vary to a large extent.

This rock, by whatever name we designate it, occupies a large

part of Glen Cruehalie. Sometimes it lies only along the bottom of

the glen ; then it rises high on the one side, and soon ascends among
the slopes on the other. In some places it occupies indifferently the

place of the limestone, in other parts that of the quartz-rock or the

upper flaggy series, or it invades the three zones at once. But, though
it forms an important feature in the geology of the district, and oc-

cupies a considerable area, it does not interfere with the ascending

order, which is here, as everywhere to the north, quartz-rock, lime-

stone, and upper flaggy or schistose beds.

The latter series of strata can be examined with advantage up the

ravine, along which the road winds from Kinloch Ewe to Auchena-
sheen. It consists of quartzose and micaceous flagstones and schists,

the south-easterly dip of which is well seen along the higher slopes

of the glen, the angle -varying from 25° to 50° These rocks clearly

overlie the limestone, and are as dissimilar lithologically to the Lau-
rentian gneiss (with which Professor Nicol would identify them) as

two groups of strata can well be.

Loch Maree to Loch Torridon.—Few mountains in Scotland present

a more striking aspect than those which close in around the head of

Loch Maree, and stretch westwards to the Atlantic. Giant, sombre-

hued masses of Cambrian sandstone, in nearly horizontal beds, rise,

band over band, to a height of fully 3000 feet. Their summits are

not unfrequently capped with white quartz-rock ; and under certain

phases of the sky, when a gleam of sunshine falls on these hill-tops,

they seem in the distance as if tipped with snow. The illusion is

sometimes heightened by the faults, which let down the quartz-rock

in wedges among the dark-hued Cambrian beds ; for then the white

crags, descending some corry with a long stream of grey rubbish

below them, look like a stunted glacier, or an incipient avalanche.

The general aspect of these hills is shown in the preceding dia-

grammatic section from the sea at Loch Torridon, across Loch Maree,
to Loch-na-Fad (fig. 9). The same geological characters mark the

high ranges from Leagach and Ben Eay to the Dingwall road at

Craig Inn. Some of the features of this tract it is necessary to

advert to more in detail. The rocks are faulted in a very extra-

ordinary manner; and these dislocations have been supposed to lend

some countenance to the hypothesis that the upper gneissose series,

which rests on the limestone, is the Laurentian gneiss, brought up
from the bowels of the earth by a convulsion of unknown magnitude.

It would indeed be strange if, in a country so metamorphosed and

mineralized, presenting so many crumphngs and contortions of the

* Quart. Journ. Geol. Soc. vol. xvi. p. 238.
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strata, and abounding in so many deep gorges and ravines, there

were yet no lines of extensive faulting. Such lines must almost

necessarily exist. But what are the conditions needful for their

discovery ? Must we not have at least certain persistent strata of

well-defined lithological characters, and trace them in their windings
among the mountains ? Such strata, however, are not well repre-

sented among the Silurian rocks of these regions. The limestones,

as we have seen, are subject, as in Wales and Siluria, to sudden
and capricious changes, amounting even to entire disappearance.

The upper gneissose series has no distinguishing band, and, where
the limestone is wanting, passes down imperceptibly into the quartz-

rock. The quartz-rock, too, has a more or less uniform aspect

throughout ; so that faults, repeating one part of it against another,

might easily escape observation. If, however, we could find it on
some exposed hillside, faulted along with its subjacent Cambrian
sandstones, there would then be every probability of detecting the

fractures ; for the quartz-rock being white, and the Cambrian dark

reddish-brown, any alternation of these two formations would be

observable even at a distance. This desideratum is admirably sup-

plied among the craggy mountains of Beann Taobhliath, which, from
within four or five miles of Loch Maree, extend southwards almost to

Loch Doule, on the road between Dingwall and Skye. The hillsides

along the deep glens in that region afford the clearest and most
startling proofs of dislocation ; and yet, but for the contrasting co-

lours of the two series of rocks, these fractures would probably never

have been detected, unless, with a good map in his hand, a geologist

had set out purposely to seek for them. Hence it is in the highest

degree probable, that among the gneissose rocks there may exist many
large faults, which have not been even suspeeted.

Having made this admission, however, it by no means follows that

over the region we have examined any kind of fault may occur, and
along any part of the line. In the sections already described in

this paper there is certainly no fault, but a clear order of superpo-

sition from the lower quartz-rock into the upper quartzose or gneiss-

ose series. But between the points which we have selected for

description in detail, it is far from improbable that faults may inter-

vene, limited in their extent and in their amount of throw. They
can only be local ; and their character is probably sufficiently shown
in the region, one or two sections in which we shall now describe.

Beann Taobhliath, or "the Grey Heads.''''—About 5 or 6 miles south-

west from Kinloch Ewe, on the road to Loch Torridon, lies the water-

shed between that arm of the sea and the freshwater Loch Maree.
On the north side of the valley the mountains of Leagach and Ben
Eay, already referred to (fig. 9), show their capping of white quartz-

rock on the sombre-hued Cambrian sandstones which form their

mass. It was the southern side of the valley, however, that chiefly

attracted our attention. There the quartz-rock on the mountains,

when seen from the road, appeared interbanded with some dark rock,

as if sheets of greenstone had been thrust between its strata. This

seemed the more inexplicable as we had seen no such rock in any
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other part of the district, and none certainly which showed such a

regularly stratified arrangement. One of us, accordingly, ascended

the craggy sides of Scuir Dhu, and thence obliquely southwards to

the top of the highest of the Beann Taobhliath hills, or "Grey

Heads." The following section represents, better than any detailed

description, the structure of Scuir Dhu.

Fig. 10.

—

Section of Scuir Dhu.

c

b. Cambrian sandstone and conglomerate. c. Quartz-rock.

The Cambrian at the base of the hill dips E. 10° to 20° S., at 30°

to 40°. It is covered by white quartzite having the same dip and
angle, and showing still the oblique lamination or " false-bedding "

of the original sand. Did no other section exist, we should say that

the Silurian rocks here followed the Cambrian in conformable se-

quence. The Cambrian beds slope up the valley along the lower part

of the acclivity, while the quartz-rock rises above them to form the

greater part of the north-eastern side of the glen. The latter rock is

occasionally deeply channeled by mountain-torrents. One ravine

in particular occurred in the course of the ascent, about 80 or 100
feet, and, in places, so narrow that it seemed as though one could

almost have stepped across it. Cambrian blocks strew the hillside,

and are often perched on the edges of cliffs and on the summits of

detached crags. None of them are of great size, the largest observed

being eight feet long, six broad, and three high. Gneiss-boulders

also occur, but are small in size as well as few in number. The
quantity of Cambrian blocks increases as we ascend, until, not far

below the summit, we come upon a mass of Cambrian sandstone in

place, dipping E. 4° S., at 27°. Between the quartz-rock and this

Cambrian ledge there is undoubtedly a fault, the former rock having

its beds curved and thrown back against the latter : this is shown
in the subjoined section (fig. 11), which is an enlarged view of that

part of fig. 10, marked *, The Cambrian beds are then covered

over by flat undulating beds of quartz-rock, which lie at the base of

a cliff of similar Cambrian sandstones. At the top of this cliff a small

ledge of quartz-rock exists (as shown in fig. 10), let in by a fault
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below another Cambrian crag, above which comes a snowy cliff of

quartz-rock, forming the summit of the mountain.
The Cambrian rocks support hardly any vegetation, the quartz-

Fig. 11.

—

Enlarged Section of the Point marked * in Fig. 10.

b. Cambrian sandstone and conglomerate. c. Quartz-rock.

rock still less. There is, therefore, no obscuration of the lines of

junction, save such as arises from the debris of the crags, worn down
as these are by the rains and frosts of winter, that tell especially

upon the quartz, splitting up its beds and covering its surface with
piles of loose, rough, angular blocks, on which it is often perilous

to tread. There is no difficulty in determining which are lines of

fracture and which lines of regular superposition : the section, indeed,

is nearly as distinct as it can be drawn on paper. The uppermost
ledge of red sandstone dips E. 4° to 10° S., at 30° to 36° ; the

quartz-rock which covers it dips E. 4° to 10° S., at 35° to 42°.

These figures are given as the mean of several observations made at

intervals along the exposed ledges. They show that, in a general

sense, the two series of deposits are conformable ; and this conformity,

could we obtain unweathered surfaces for careful measurements, might
be shown to be complete. It is sufficiently evident, however, that

this undisturbed sequence is accidental, and that the Cambrian beds

had undergone erosion previous to the deposition of the overlying

deposits. In no instance is there anything like a passage of the one

series into the other ; on the contrary, everywhere along the junction

the line of demarcation is sharp and defined. Such sections as that

given in the annexed figure (fig. 12), are not uncommon where a

Fig. 12.

—

Section slioiving the Junction of the Quartz-rock and the

Cambrian Sandstone on Scuir Dhu.

b. Cambrian sandstone and conglomerate. c. Quartz-rock.

bed of red sandstone has been at one point eroded, and is there un-

conformably overlapped by the quartz-rock.
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From the summit of the hill the

quartz-rock plunges down the north-

eastern side towards the valley of Loch
Clare ; but the Cambrian again comes
in, owing to the intervention of other

faults. Crossing along the ridge to

the next hill to the south, we meet
with other examples of the apparent

interbedding of quartz-rock and red

sandstone. There is a gorge or bealloch

(of which we could not ascertain the

name, and it is nameless on the maps)
on this ridge, having a stream on the

east side, which descends into Loch
Coulan, and another on the west, that

falls into the valley of the Torridon

Water. Following the line of the glen

on the south-east side, we are pre-

sented with one of the most striking

natural sections anywhere to be seen

in the North-western Highlands. The
alternations of red sandstone and
white quartz-rock are repeated again

;

but here, in place of merely an out-

crop-line along the strike, we have a

magnificent transverse section several

hundred feet deep, along the southern

side of a wild glen. The contrasting

tints of the two rocks give the decli-

vity all the appearance of a vast dia-

gram ; and no diagram could repre-

sent the dislocations in a more im-
pressive manner. The subjoined figure

(fig. 13) was copied while we walked
downthe glen, andrepresents, as nearly

as may be, the actual relations of the

rocks. We may add, that the same
dislocations cross to the north side

;

but the greater amount of debris on
that side makes them less easily trace-

able. They undoubtedly run both
north and south of the glen ; and
these mountains have thus the sin-

gular aspect of alternating cliffs of

snowy whiteness and sombre brown.

We could mark the arrangement on
the hills a short way north of the

Dingwall road at Loch Doule, a di-

stance of fully ten miles from Ben
Eay, where similar dislocations were
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also observed. The map of this region would therefore represent a

series of irregular strips and patches of Silurian quartz-rock, inserted

among Cambrian sandstones by the agency of longitudinal faults

which seem to split off from or coalesce with each other.

Towards the lower end of the valley the quartz-rock dips E. 10°

S., at 35°, and is followed by a band of limestone conspicuous from

the neighbouring hill-tops, owing to the bright verdure that marks
its course., Above the limestone come beds of quartz-rock and

quartzose flagstone ; and these, becoming more and more schistose,

cross Loch Coulan, and are seen in the ravines and watercourses on

the opposite side. They form, of course, the upper quartzose series

so frequently referred to.

The region lying between the Grey Heads and Loch Doule has

never been explored. "We were able to see its general structure from

some of the neighbouring hill-tops ; but it must contain much in-

teresting detail to reward the fatigues of an enterprising geologist.

Loch Carron.—After traversing this faulted district, the quartz-

rock approaches Loch Doule, whence it bends towards the south-

west, occupying the high ground on the north-west bank of Loch
Carron. At the head of the latter loch it is overlain by a limestone,

which extends for some way towards Jeantown, until lost beneath the

alluvial accumulations of the valley.

The road from Jeantown to Applecross crosses a high ridge, and
descends to Loch Keeshom, through a ravine in which there is a well-

exposed section of the strata. First, on leaving Jeantown, we have

schistose beds with a south-easterly dip ; these gradually pass down
into a quartzose and flaggy series, which towards the lower end of tie

ravine are underlain by the quartzite. The next rock in descending

order is a limestone of great thickness, which occupies the south-

eastern side of Loch Keeshorn*. It dies rapidly away to north, and
a short way beyond the head of the loch has disappeared altogether.

It is underlain by white quartz-rock, which, coalescing with that

above the limestone, forms one series, below which lie the Cambrian
sandstones swelling up into the great mountains of Applecross and
Loch Duich.

We had not time fully to work out the relations of the Keeshorn
limestone: possibly it may be the same as that of Loch Carron,

Loch Coulan, and Glen Cruchalie—that is, the limestone zone between
the lower quartz-rock and the upper quartzose flaggy series

;
or, like

the lower limestone of Ben Eay, already referred to, it may be a local

deposit occurring in the lower quartz-rock. The area which will

decide this point is the high ridge on the northern side of the Loch
Carron Valley, between Lochs Keeshorn and Doule.

The sections along the shores of Loch Carron at Strome Ferry are

singularly clear. They show the quartzose flagstones in well-defined

beds, dipping sharply to the south-east at 45° or more. The same
rocks occupy the intervening tract of land to the Kyles at Balma-
carra, where another admirable line of section can be examined along

the shore.

* See Nieol, Quart. Journ. Gr. S. vol. xiii. p. 29: Murchison, ib. vol. xv. p. 188.
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Loch-alsh.—The promontory opposite Kyleakin has hitherto been
mapped as " Red Sandstone," like the hills of Applecross, that is,

" Cambrian" according to our classification of these rocks. Next to

this red sandstone, there has been inserted on the east side a strip

of quartz-rock,beyond which, at Balmacarra,comes the great"gneiss"

region of previous geologists*. The red sandstone, however, is not

identical with that of Applecross, or the red sandstone of the west

coast generally ; indeed, so far as we observed, it is -rarely red

sandstone at all, but greyish quartz-rock, which assumes a pink or

reddish tint, chiefly on the weathered surfaces. It has an E.S.E.

dip at gentle angles. Opposite Kyleakin, indeed, there is a confusion

of the bedding, owing perhaps to the prolongation of a fault from

Skye, to be immediately noticed ; but east from this the stratification

becomes quite regular. The quartzy flagstones, in well-defined beds,

dip steadily up Loch-alsh, at from 15° to 20°
; towards Balmacarra

House, interlaminations of shale or schist begin to appear ; and these

continue to increase, imparting a fissile character to the strata. As
we trace the strata still eastward, their schistose structure increases,

until, by the diminution of the quartzose bands, and the greater de-

velopment of the argillaceous and micaceous portions, they insensibly

pass upwards into schists and gneissose rocks ; these range eastwards

up Loch-alsh, with here and there a boss of syenite, or felspar-por-

phyry. No clearer evidence could be desired, that the quartz-rock

or quartzose flagstones graduate in perfect lithological sequence into

the upper schists.

In Sutherland, as stated in former memoirs, the quartz-rock above

the Assynt limestone is superposed by another limestone, which,

however, is of no great continuity. We failed to detect it in any of

the transverse sections of the country between Assynt and Loch-

alsh. Along the shores of Loch Duich, however (which is a branch

of Loch-alsh), the schists that overlie the upper quartzose flagstones

contain, in their lower part, several limestone bands, in the same
way as the Sutherland limestone lies between the upper quartz-rock

and the superjacent gneissose rocks.

Loch Duich.—The Loch Duich limestones are best seen along the

south side of the fiord. There are at least five or six bands having a

general easterly or south-easterly dip. They are separated by talcose,

actinolitic, and micaceous schists, often serpentinous like the lime-

stones themselves : red felspar-porphyry and syenite also occur in

bosses, dykes, and veins. The longest beds of limestone are perhaps

those of Totig Point, opposite the village of Dornie and Eilan-Dou-

nan ; there they are sometimes pure white, with green serpentine

streaks, and have been quarried on the shore f. They range across

the hills into Glenelg.

Red felspathic rocks abound chiefly towards the head of Loch
Duich

;
they are conspicuous in the hill of Mam Rattachan, and

likewise in many of the gullies and clefts worn on the hillsides by
the rains, as well as on the shore. We found them also among the

* See especially Prof. Nicol's map, where these errors are to be seen,

t See Quart. Journ. Oeol. Soc. vol. xiii. p. 30.



1861.] MCRCHISON AND GEIKIE HIGHLANDS. 199

flaggy beds of the Bealloch of Kintail, which, with a south-easterly-

dip, range northwards to the deep gorge of the Glomach, where, in a

scene of singular wildness and grandeur, the stream, in falling over

the cliffs, gives rise to the highest cascade in Scotland.

Skye.—Following the line of outcrop of the Lower Silurian quartz-

rock and limestone, we have arrived at the shores of the Atlantic.

But these rocks are prolonged into the Island of Skye ; and before

tracing the structure of the interior of the mainland, we will sketch

in outline that of Sleat—the southern peninsula of Skye.

In a former memoir*, it was shown that the Lias of Strath, in

Skye, rested unconformably upon red (Cambrian) sandstone, and

that the sandstone stretched across the island from sea to sea, with

a north-westerly dip. It was also pointed out, that some powerful

faults existed in the district, whereby the secondary shales and lime-

stones were thrown down in wedge-form among the older strata. We
have now ascertained that the same faulted character extends across

Loch Eishort into Sleat, rendering the geology of that peninsula in-

tricate and difficult. With the limited time at our disposal, and the

want of a map having any approach to accuracy, we did not attempt

to work out the detailed structure of this region.

Sleat appears to have formed originally, previous to the occurrence

of the faults, an anticlinal ridge consisting fundamentally of Cam-
brian sandstone with the quartz-rock, limestone, and upper gneissose

beds folded over it. Traces of this simple structure are sufficiently

abundant ; but it has been greatly modified and deranged by the

influence of certain longitudinal dislocations, by which the north-

western side of the arch has fallen in ; and considerable confusion

has been introduced into the southern end of the peninsula.

The Cambrian, rising from under the Lias, forms the north side of

Loch Eishort and runs across to the Bay of Lussay. Erom the head

of Loch Eishort a fault extends to the shore near Kyleakin, the effect

of which is to throw down the quartzose flaggy beds against the

Cambrian sandstones, both of which have a north-westerly dip.

Another fault runs probably from about Kyleakin, along the north-

west flank of Ben Cailleaich, towards the Point of Sleat, with the

same effect as the other ; so that the arch becomes still further frac-

tured towards the south-west end of the island.

At Ord the red sandstones are also considerably faulted. On the

hills above the House they are surmounted by quartz-rock in thick

beds of snowy whiteness. These dip north-west, at a steep angle,

forming the side of a steep hill, at the bottom of which they are

covered by limestone, evidently on the same horizon with that of

Assynt and Loch Broom.
This limestone appears to be surmounted by quartz-rock ; but this

part of the island is dislocated to no common extent, and would
require much care and time in the unravelling of its details f

.

* Geikie, Quart. Journ. Geol. Soc. vol. xiv. p. 1 et seq.

t I am now convinced that the white quartz-rock noticed in my former paper
as wedged in at the side of a fault on the shore of Loch Eishort really belongs
to this Lower Silurian series, and is therefore the product of a much older meta-

p 2
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Returning to the shore opposite Balmacarra we find that the

quartzose flagstones already described cross into Skye and form the

great mountain-mass of Een-na-Cailleaich. Their dip on the north-
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western side of the anticlinal arch is obscured by the faults ; but their

south-eastern dip is well shown along the bare grey slopes of the

morphism than that of the Lias limestones. It occurred to me also, last summer,
while on the hills above Ord, that possibly some parts of the metamorphic lime-

stone of Strath may possibly be also Silurian.—A. G-.
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hills. The same dip continues hy Kyle Rhea along the south-eastern

shore of the island, which is traversed by numerous N.W. and S.E.

dykes of greenstone. The same reddish tint is here observable that

was noticed in the description of the Balmacarra flagstones. The

cause is the same in this case also ; the red colour is a mere crust

owing to the oxidation of some of the component minerals ; while the

rock, when broken, is grey or white within.

At Isle Oronsay, as at Balmacarra, we found a gradation from these

flagstones into the upper gneissose or schistose series. These schists

have a south-easterly dip, but are much crumpled in places. Near

Pig. 16.

—

Section in Sleat, from near Ord to Knock.

Knock.

b f d
b. Cambrian sandstone, d. Gneissose and schistose rocks, f. Fault.

Knock a good section is obtained from the shore inland, showing the

curving of these strata, and about halfway between Knock and Ord
they are seen to graduate as usual into a lower series of quartzose

flaggy beds.

2. Structure of the country between ilie Atlantic and the line of the

Great Glen.—Having traced the southward prolongation of the

quartz-rocks and limestones in Skye, until they are lost beneath the

waters of the Atlantic, we now give the results of several traverses

of the region to the east of these rocks, in order to show the cha-

racter of the upper gneissose series of deposits and the geological

structure of this part of Scotland. In former memoirs upon the

rocks of Sutherland, reference was made to the great apparent thick-

ness of the flaggy schistose strata which there overlie the upper lime-

stone and form the central and eastern portions of that county. The
thickness was indeed so great as to compel the belief that many
folds must necessarily exist, even although in most of the observable

sections the rocks continued to plunge towards the south-east. But
the data were wanting on which to speculate as to the character and
amount of such folds. This summer, however, we were fortunate

enough to obtain some illustrative sections which showed how de-

ceptive this steady south-easterly dip might really be, and how pro-

bable it was that, even where no change in the direction of inclina-

tion could be traced, the strata might nevertheless be repeated upon
themselves again and again.

~

Loch Broom to Oontin.—One of us continued the section from Loch
Broom across the wild uplands of the Dirry More to the Old Bed
Sandstone of the east coast, where it ascends the River Conon to

Contra. The amount of alluvium along the valleys rendered the

greater part of this traverse unsatisfactory ; but enough was ob-

served to justify the belief that when this region is properly mapped
it will be found to contain many anticlinal and synclinal folds as

well as local contortions of the strata. The flaggy and gneissose
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beds from Inisbae to Contin have, 011 the whole, a south-easterly

dip. On the shores of Loch Garve the gneiss is crumpled into in-

tricate folds ; but the prevalent dip is still south-easterly, and con-

tinues so until the Old Red conglomerates supervene at Contin.

Alternations of micaceous gneiss, mica-schist, and grey quartz-rock

form the prevailing rocks of the district. From Contin we recrossed

the country to Loch Carron. The same gneissose schists and quartzose

flagstones were observed along the road, with a general south-easterly

dip, but with several visible folds and many covered parts where a

north-westerly dip may occur, like that of the mountain Aigean on
Loch Fannich, before described*.

Loch Hourn by Loch Quoich to the Caledonian Canal.
— "We

examined also a line of section from about the middle of Loch Hourn
to Loch Oich in the Great Glen. The rocks which form the mag-
nificent jagged mountains that overshadow Loch Hourn are dark

micaceous flagstones. They have a general south-easterly dip at

high angles and are usually flat-bedded and regular, though some-
times locally crumpled. They occur all up the wild gorge or pass

that rises from the head of the loch to the height of 1000 feet in

the space of a mile. The top of this pass forms part of the main
ridge of the country, and presents the singular phenomenon of a

watershed only a mile distant from the sea on the one side, and
fully fifty miles on the other. All the crags and rocks along the

sides of the pass have been smoothed and striated, by glacial action,

on the faces that look up the glen, while those which point down to

the sea are rough and irregular. There is no drift in the glen nor

at the head of Loch Hourn.

From the top of the pass to the bend of Loch Quoich the same
rocks continue in the same south-easterly inclination. Near Mr.
Ellice's house at Glen Quoich t, however, a line of synclinal axis

crosses the lake and runs northward to Glen Shiel, where we found it

well marked. On the east, or rather east-south-east of this bine (for

its direction is nearly north-north-east), the strata are reversed to

the north-west, and this dip continues along Loch Quoich and for

several miles to the eastward. They then undulate and become ob-

scured partly by granite masses and partly by the deep sandy accu-

mulations of Glengarry, so that their relations towards the Great Glen
were not satisfactorily ascertained. At Invergarry Inn, however,

only about two miles from Loch Oich, the gneissose rocks had a de-

cided north-westerly dip.

The most instructive sections along this fine of country were
those in Loch Hourn, and on the road between that deep fiord and
Tomdoun Inn. "We would especially instance two rocks or cuttings

on the wayside ; one about three miles west from the house of Glen

Quoich, the other at the seventh milestone west from Tomdoun Inn.

The first of these shows in the clearest possible manner how deceptive

* Quart. Journ. Geol. Soc. vol. xv. p. 387.

t Since our visit to Glen Quoich, our hospitable host, the Rt. Hon. Edward
Ellice. has acquired all the lands of Glengarry, so that Ms estates now range from
Loch Oich to Loch Hourn. a distance of about 30 miles.
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a prevalent dip in this region may be,

\ even though it should seem to be
perfectly regular. The strata, con-

v ' sisting of gneiss, mica-schist, and mi-
\-

N

' caceous quartz-rock, are exposed for

\ \ about 100 yards, and, as shown in the

! j

accompanying diagram (fig. 17), are
/' / folded upon each other in such a way
\ \ that the same stratum is repeated

\ ; seven times in that space. The actual

/ i thickness of the beds in this section

/ is perhaps not more than 10 or 15
yards—that is, from a seventh to a

tenth of their apparent thickness. In
\ walking over the edges of these highly

inclined strata, with possibly here and
"\ there the indication of asouth-easterly

!
;

dip, we might very naturally set down
<' the beds as one continuous series; and,

without a clear transverse section, it

would be diflicult to prove that they

j were not.

/ The other section is represented in

fig. 18. It shows another way in

which the vertical thickness of these

upper gneissose rocks may be reduced

\ from its enormous apparent magni-
tude. Instead of vertical folds, we

J are often presented, as in the rocks

depicted in this figure, with contorted

bedding, which even more than the

former tends to modify our estimate

\ of thickness.
•' .There can be no doubt that these

I sections are truly typical of the struc-

; ture of the metamorphic regions of

Scotland. Theyshow us how the rocks

\ are folded on the small scale, while the

)
synclinal axis of Loch Quoich proves

/ how these are repeated by great

troughs and arches. The large amount
of repetition thus induced makes it

no longer difficult to conceive that the

gneissose and micaceous flaggy rocks

of the' Highlands do not attain so gigantic a thickness as they for-

merly seemed to do, and that in truth they need not be regarded as

more than equal to the lower half of the Silurian system in other

regions.

Arisaig to Banavie.—A transverse section which we examined
with great care, and which perhaps offers the best natural expo-
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sures of the rocks, is that from the wild headlands of Arisaig to

the entrance to the Great Glen at Banavie. At Arisaig we found the

quartzose flagstones with a W.N.W. dip, traversed by innumerable
greenstone dykes having a north-westerly direction. The same
direction of dip continues along the road a mile and a half to the

east of the village of Arisaig *. The strata are then reversed to the

Fig. 18.

—

Section of Rocks on the Roadside at the 7th Milestone

west from Tomdoun Inn.

S.E. for about half a mile, after which they undulate in both direc-

tions, as is well shown along the crags near Borrodale, on Loch na
Nuagh. Dykes of greenstone with a N.W. strike still abound. At
the head of Loch na Nuagh the strata of micaceous quartzose schist

have a S.E. dip at high angles. This inclination continues to near

Loch Aylort, where the beds are vertical, sometimes leaning to the

one side, sometimes to the other. "Where the road descends upon
that arm of the sea, the dip is south-easterly ; but it is immediately

reversed to the north-west. From the point whence the road

diverges from the loch, the vertical and contorted strata are seen to

be convoluted in rapid arches ; after which, on again reaching the

sea-margin, the dip is south-easterly.

At Kinloch Aylort, highly micaceous quartzose rocks, in well-

marked vertical beds, strike N. 10° E., which exactly resemble those

of Loch Hourn, showing the same alternation of grey quartzose

bands with others strongly micaceous, but without the admixture

of felspar. They are in places true mica-schists, in others quartz-

rocks. The glaciated surfaces are here very apparent,—the vertical

strata being smoothed and deeply grooved across their truncated

edges ; the direction of the groovings runs W. 30°-40° S.

About a mile and a quarter from Kinloch Aylort the schists are

overlain by a band of quartzose flagstone, well bedded, and in some
beds micaceous and fissile. The dip is exposed in a quarry by the

roadside, being E. 30° S. at 77°.

From this point onward to the head of Loch Ailt, another series

of micaceous quartzose schists occurs. The inclination is at high

angles, often vertical. The strata are sometimes beautifully con-

* This is the Clanrarmald country, now possessed by Mr. Dukinfield Astley.
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tofted, as at Ault Namuie, where they are curved and convoluted as

at Loch Quoich, though the prevailing dip is still south-easterly.

At the watershed we begin to meet with a reversed or N.W. dip.

The same micaceous strata are again traversed, with here and there

a knob of quartzose granite. About a mile east of the watershed,

contorted rocks are exposed in the bed of a stream which is crossed

by the road.

At the foot of Glen Finnan, near the spot where Prince Charles

first unfurled his flag, the dip changes to N., and then immediately

to N.W. As we proceed eastward the strike becomes nearly IS", and S.,

and the strata gradually assume a more gnarled, twisted appearance,

granite being visible here and there. Such highly metamorphosed
rocks continue to near the head of Loch Eil, where the micaceous

series is replaced by hard grey quartz-rock, first in highly twisted

and even vertical beds, with granite-veins. The dip then turns to

E. 18° S. at 25°, exactly like the undulating quartz-rock of Glen-

garry ; after which the dip is reversed to W. 30° N. at 20°-25°.

About one mile east from the head of the loch we observed frag-

ments of red felspar in the streams. Two miles further on, the dip

was S.E. at 20°-25°. At the distance of another mile the south-

easterly dip still continued, but at a very gentle angle.

One mile and a half east of Eassafern the hard grey quartzose beds

dip W. 25° N. at 17°-20°. Thence they undulate for four miles

along the margin of the loch. We next found them in well-marked

strata separated by layers of micaceous schist in a quarry by the

roadside, where they dipped nearly due W. at 25°-90°. They are

traversed by innumerable veins of a pink felspathic rock ; and larger

masses of a dark hornblendic rock are occasionally seen. Further

on the dip still continues westerly, and, at Avat, is at an angle of

from 25° to 30°. Four miles from Fort William another quarry

occurs close to the road, where hard grey quartz-rock, highly mica-

ceous in certain layers, and even passing into true mica-schist, dips

W. 16° N. at 30°-40°. The rock is traversed by veins of quartz

containing mica.

Near the church of Kilmallie the angle becomes much higher,

the jN\W. dip still continuing. Beyond this we reach an area of

intense metamorphism, where porphyry and granite are intermingled

with the schists and quartz-rocks in great abundance along the

valley of the Caledonian Canal. This valley, moreover, is obscured

by enormous accumulations of sand and gravel.

The annexed diagram shows the arrangement of the strata along
the line just described. It will be seen that, viewing the country
on the large scale, we are here presented with a wide synclinal

trough of the schistose series, from beneath which, along either side,

the underlying quartzose rocks come to the surface.

3. Repetition of the Lower Silurian Quartz-rocks and Limestones

East of the Line of the Great Glen.

Line of Great Glen or Caledonian Canal.—We have shown that the

quartz-rocks and limestones of Sutherland range south-westwards
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through Ross-shire into the Isle of Skye,—that they are covered by

a vast series of micaceous flaggy or gneissose schists,—that these

are disposed as a great synclinal trough, the centre of which tra-

verses the head of Glen Shiel, the middle of Loch Quoich, and the

watershed at Glen Finnan,—and that, by the curving of this trough,

the quartzose beds which form its outer or lower edge along the

western coast at Arisaig are brought up again along the line of the

Great Glen.

"We shall now endeavour to describe the anticlinal arch of the

Great Glen, and to point out how the same strata undulate to the

eastward of that arch to form the remainder, or southern portion,

of the Scottish Highlands.

The remarkable chain of lakes which extends from Inverness to

Fort William presents, even on the roughest map, unmistakeable

evidence of a line of fracture in the earth's crust. Loch Ness,

deeper by many fathoms than the German Ocean, showed, in the

sympathetic movement of its waters during the Lisbon earthquake,

the depth and extent of the fissure which it occupies. So marked a

line might justly be supposed to indicate a great displacement of the

rocks. And yet, though the fracture is probably more extensive than

any other in the country, it has not been attended, so far at least

as we have yet been able to ascertain, with any marked upheaval

or depression of the rocks on either side. We at present regard it

as a fracture without a throw, or, at least, with such a throw as not

at all to interfere with the regularity and perspicuity of the section.

The line of this chain of lakes, or the Great Glen, as it is properly

called, runs along the line of an anticlinal axis. West of the lakes

the strata (as we have seen along the banks of Loch Eil) have a

north-westerly dip ; east of this line they incline to the south-east.

Moreover, it would seem that this axis lessens in intensity towards
the north and increases towards the south ; in other words, the

southern prolongation of the arch brings up lower and lower beds,

while in its northern extension it appears to be dying away. As
we trace it southward from the grey quartzose beds last described at

Loch Eil, we gradually re-encounter the whole of the Sutherland

and Ross-shire succession of quartz-rocks and limestones, and ob-
tain thus additional aid in correlating the crystalline rocks of the

North-western Highlands with those of the central counties.

Islay and Jura.—By much the clearest and most complete series

of these repeated strata occurs in the Islands of Islay and Jura,

whence they range north-eastward up the Linnhe Loch, and south-

westward into Ireland. The annexed figure represents the struc-

ture of Islay (fig. 20).

The rocks which form the N.W. promontory of the island at

Sanaig were examined by us under the disadvantage of a storm of

wind and rain. We ascertained, however, that they consist of clay-

slate, which we believed to dip below the mica-schists and grit-

bands of Sanaig-farm. They are well exposed on the shore, first

with a south-east dip, which soon turns to the north-west, with
which inclination they appear to plunge below the waters of the
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Atlantic. The slate is cleaved obliquely to tbe bedding, the planes

having, where we saw them, a marked S.E. slope. This rock weathers

in a remarkable way along the precipitous headland of Sanaig. Seen
through the mist, the hills seemed split open by deep narrow fissures,

corresponding probably to joint-planes, while their steep faces had
that peculiar jagged aspect which so often results from the weathering

of cleavage and stratification combined.

If we are correct in assigning to these slates a position inferior to

the grits and schists which in Islay represent the lower quartz-rock

of Sutherland, it follows that they help to fill up a gap in the Silu-

rian series which is wanting in the North. The Sutherland rocks

unquestionably belong to the lower part of the Llandeilo series, and
the Sanaig slates would accordingly represent the position of the

Lingula-flags.

The slates are followed towards the east by what we at present

regard as a superior series of schists and intercalated bands of

quartzose grit. From this point there is no doubt about the order

of succession. The strata clip towards the south-east,—the schists

occupying, as a rale, the valleys and low grounds, while the bands

of hard grit range along the island in more or less prominent ridges,

or even rising up into no inconsiderable hills. The schists do not

differ from those which have been already described
;

they . are

micaceous, chloritic, argillaceous, or quartzose in turn, and often

much contorted in their lamination. The grit or quartz-rock is a

hard grey siliceous rock, to which the old term " grauwacke" might
well be applied. These strata occupy the whole of the western

division of Islay, known as " the Rhinns,"—the schistose series being

sometimes quarried for slates, as at Kilchieran, and the grits as

rough building-stones. Granitoid rocks and true syenites are of

common occurrence, and may be advantageously examined along the

south-east side of the promontory at Port Charlotte. There, on the

shores of Loch-in-Daal, the quartzose grauwacke and grey schist,

dipping S.E. at 40°, are traversed by a red syenite, and are them-
selves highly metamorphosed, passing into quartz-rock and lydian-

stone, in which a crystal of felspar may be occasionally detected.

The decomposition of the syenite here has produced that chaotic

assemblage of loose blocks (felsen-meer) so common in granitic

countries. Dykes of greenstone with a general north-west range,

but often irregular and tortuous, also occur among the strata of this

coast-line as well as throughout the entire island.

As we trace these schists and grits towards the N.E. promontory

of Islay, the former are seen to become considerably thinner, and the

series then assumes much more of a quartzose aspect. This was
particularly noticed on the high grounds to the north of Islay

House.

The section (fig. 20) shows that above the grits there is a series of

schists with three intercalated limestones. This upper series we
refer to the horizon of the Assynt Limestone. It lies upon a quartzo-

schistose band, representing, as we have said, the lower quartz-rock

of Sutherland. It is surmounted by a great mass of white quartz-
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rock, the equivalent of the upper quartz-rock of the North, which is

overlain in both localities by an upper group of schists.

The lowest limestone is seen to the north-east of Islay House,
whence it runs for some miles towards the north-east in a broad

band. It is a grey crystalline rock, sometimes well bedded, and
exactly resembles portions of the Assynt rock. We could detect in

it no trace of fossils.

The space between this and the next limestone is probably occu-

pied for the most part by soft schists, as the country is low and

covered with peat. The second limestone resembles .the first, but

appears to be of smaller dimensions.

After another interspace of moor, with here and there exposures

of schistose strata dipping towards the south-east, we encounter the

third limestone, which follows the curving outline of the escarpment

of quartz-rock and plunges sharply below it. This limestone, owing
to the form of the island, can be traced further than the others. It

extends from Lossit, near the shore of the Sound of Islay, to the

Mull of Oe, a distance of 16 or 18 miles. The cliff line at the latter

locality affords a good section of the junction of this calcareous seam
with the schists below and the strata of quartz-rock above it.

In tracing it northward along the western slopes of the mountains,

we find that it has a regular course until within a few yards of the

shore of the Sound of Islay near Lossit, where it suddenly wheels

round and passes towards the west. By this means it avoids enter-

ing the opposite island of Jura, and the superjacent quartz-rock is

thus thrown westward along the Islay shores instead of crossing at

once with a north-east strike into Jura.

The district between Lossit and Islay House presents a confused,

contorted arrangement of the rocks. The various limestones are no
longer separable

; they seem indeed to become blended more or less

into one, and on crossing the central valley towards the north they

die out altogether, so that the lower grauwacke-grits and the upper

quartz-rock unite. They are considerably mineralized, containing,

in at least one locality, veins of lead which are worked.

The upper limestone is surmounted by some schistose strata, well

seen at the Mull of Oe, which graduate upward into white quartz-

rock. The great mountain-masses of Beinn Bhan, Ben Vicker, and
other summits, looking in the distance as if capped with snow, consist

entirely of beds of this quartz-rock, having a south-easterly dip at

from 30° to 40°. Sometimes, however, the rock has a reddish hue
and a coarse granular texture, as along the cliff line of Macarthur's

Head, where the strata have been considerably broken. Further to

the north it even assumes the character of a breccia, the included

fragments consisting of variously coloured felspathic rocks. The
upper beds of this quartzose mass descend rapidly towards the east,

and are succeeded by a group of schists (with intruded beds of

greenstone), which, in alternate ridge and valley, occupies the de-

scending ground between the grey mountain-chain and the eastern

shore*.

* Macculloch (Trans. Geol. Soc. vol. ii. p. 413) says, "Extensive and correct
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The junction of the quartz-rock with these schists can be seen at

many places. Thus the sea has cut some instructive sections near

Macarthur's Head, and still more clearly at the Mull of Oe. The
streams too which descend from the hills in an easterly direction have
laid open many exposures of the rocks. The jimction-line of the

two series of strata is not a sharp one. The quartz-rock passes, by
intercalations of schist, into the schistose group, and the latter, by
interstratifications of quartz-rock, into the quartzose group. The
structure of this part of the island vividly recalls that of the east

coast of the peninsula of Sleat in Skye.

The schists which thus rest upon, and at their base are interlaced

with, the quartz-rock vaiy in character, being sometimes micaceous,

argillaceous, quartzose, chloritic, or talcose. These changes of litho-

logical distinction are so rapid that it is impossible to give any one

mineralogical name to the group, or to map out its members by
mineral characters. Some of the argillaceous beds are quarried for

slate in Port Ellen Bay, where they have a rude cleavage. Some of

the harder beds of grit which occur among the schists have a green-

ish colour and a slightly chloritic composition, and (as at Port Ellen)

have been worked as building- stones. Sometimes the schists are

varied by the intercalation of hard micaceous and siliceous flagstones,

which are well exposed along the coast at Ardimersay, the residence

of our very kind friend Mr. liamsay of Kildalton. One thin course

of limestone occurs at Kintore.

But the most marked feature of this schistose series is the great

number and extent of its hornblendic greenstones. These are

grouped in long parallel ridges corresponding to the strike of the

strata. They are, however, beyond all doubt intrusive sheets, since

they alter the rocks along the line of contact, and do not always

conform to the bedding, but here and there cut across it, twisting

and hardening the surrounding schists*. The same greenstones

occur also in the quartz-rock, but sparingly. Their great develop-

ment is among the schists, where, along the coast from Port Ellen to

near Macarthur's Head, they form the more prominent reefs and

islets, to which they give a narrow outline and a north-east and

south-west direction.

The whole of the Island of Islay is more or less traversed by a

series of basalt-dykes, which range in a general way from north-

west to south-east— a direction which characterizes all the later

dykes of the western coast of Scotland. These igneous rocks cut

across every other rock in the island. Their posteriority to the

greenstones is beautifully shown on the coast south of Macarthur's

Head, where the long crags of greenstone which run out to sea are

crossed by veins of basalt that pass from reef to reef with striking

observations on Isla would probably determine the true relative era of the

quartz-rock, and elucidate still further the disposition of Schihallien, of Jura,

and of the north of Scotland."
* Since our observations were made, Mr. Jameson of Ellon has examined the

geology of the opposite mainland of Cantyre, and found that the schists there

are traversed by a similar series of intrusive beds of greenstone, which, as in

Islay and Jura, are crossed at right angles by a newer group of basalt-dykes.
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persistence. These dykes may be seen high on the sides of the grey

quartz mountains, and one is especially observable a little below the

summit of Ben Vicker.

The Island of Jura, the magnificent mountain-ranges of which
form the deer-forest of our hospitable friend the Laird of Jura,

presents no feature which has not been already noticed in the

description of Islay. The limestones and lower schistose series are,

however, wanting; and the quartz-rock attains a much grander

development than in Islay, rising into the Paps of Jura, 2569 feet

above the sea. Macculloch has well described the singular and

striking view from the summits of these mountains, which altogether

constitute the grandest display of quartz-rock to be seen in Scot-

land*. Nothing can exceed the distinctness with which the lines

of bedding are impressed on the cliffs and along the ridges. The
whole island seems spread out as in a map, and we can follow

almost the line of each stratum as it winds over hill and crag,

valley and tarn, among solitudes that are haunted only by the red-

deer and the eagle. Here and there among the grey cliffs we detect

the dark line of a basalt-dyke pursuing the even tenor of its way to-

wards the north-west, alike over precipitous mountain and deep glen.

The line of schists which fringe the eastern coast of the island

correspond to those that occupy the same part of Islay. They are

marked too by the same bines of greenstone, ranging into the beds,

and are traversed by the same series of later basalt-dykes.

Prolongation of the Islay and Jura Rocks up the Linnhe Loch.—
The limestones of Islay, overlain, as we have shown, by a great

quartz-rock series, are prolonged towards the north-east in the Gar-
velloch Isles and the Islands of Lismore and Shuna. The quartz-

rock above them, after traversing the length of Jura and Scarba,

becomes lost beneath the sea. But we find traces of it again, though
in a greatly diminished form, along the eastern shores of the Linnhe
Loch, north of Oban. It there occurs as bands of quartz-rock and
quartzose flaggy beds among schists, and dips, like the limestones

below and the schists above, towards the south-east. The upper
schistose series, with its associated limestone bands, skirts the eastern

shores of Jura and Scarba, and thence runs towards the north-east,

forming, with the addition of later rocks, the chain of islands towards
Oban as well as a large part of the mainland.

The crystalline series of strata, therefore, which is so clearly ex-
hibited in Islay, is continued up the Linnhe Loch, the rocks having a

steady south-easterly inclination. This line forms one side of the

anticlinal arch which has been pointed out as coincident with the

direction of the Great Glen, or line of the Caledonian Canal ; the

other side is lost beneath the Atlantic. In the reverse or north-

* Description of Western Islands, vol. ii. p. 205, &c. See also Trans. Geol. Soc.

vol. ii., where he gives other details. His section of the order of superposition
agrees with our own. He says that the quartz-rock of Jura underlies the slates,

and contains water-worn pebbles, also worm-like cylindrical borings, and that it

was "originally a stratified sandstone which has been chemically and me-
chanically altered." (pp.454, 455, 4G2-3.)
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westerly dip of the slates at Sanaig Point in

Islay, however, we see the beginning of the

curve, which is doubtless continued towards

the north-east until it joins the line of section

already described at Loch Eil.

One or two localities along the north-eastern

prolongation of the Islay series were examined
by us in detail, and present features of suffi-

cient importance to merit separate notice.

Seil and Easdale.—These islands consist

fundamentally of clay-slate belonging to the

upper schistose series, and lying on the same
general horizon with the schists and slates

which range along the eastern shores of Islay

and Jura. The slates have a general south-

easterly dip, and range into Lorn, but are

there buried beneath a mass of later igneous

rocks, and partly also under a series of reddish

sandstones and conglomerates.

Easdale consists entirely of slate, with the

exception of certain N.W. and S.E. green-

stone-dykes. Seil presents a greater variety

:

its north-western half consists of an outlier of

the Lorn trap, resting, apparently conform-

ably, on some sandy conglomerates which lie

in complete unconformity on the slates.

These conglomerates form part of the same
series which in Lom, as around Oban and

along Loch Feochan, underlie the igneous

rocks and cover over the slates unconform-

ably.

The annexed section, fig. 21, explains the

structure of this island. Without cumbering

the present memoir with details, it may be

enough to remark that the slates vary in dip

from S. 40° E. to S. 64° E., and the angle from
25° to 82°. In a hue passing a little north-

west of Kilbrandon Church, and reaching

the north-east shore near some old slate-

quarries, there appears to be a slight fold

;

but, with this exception, no instance was met
with of an inclination to north-west. The
south-east limb of the island has a strongly

marked ridge running parallel to the strike of the strata. It ex-

actlv resembles the ridges along the eastern flank of the Islay moun-

tains, and consists, like them, of a magnesian greenstone which

has been intruded parallel to the bedding. This rock is traversed

here, as in Islay and Jura, by transverse N.W. and S.E. dykes of

o-reenstone or basalt. These dykes also cut through the conglome-

rates as well as the sheet of greenstone to the north-west. They
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occur abundantly, too, on the opposite island of Easdale, where they

present some interesting features in relation to the different rates at

which the various parts of the dykes cooled.

The slates of Easdale and Seil present perhaps the most perfect

cleavage yet known in Scotland. The cleavage-planes lie in the

same direction as the bedding—that is, towards the south-east—but
generally at a higher angle. The following list of observations, taken

from Easdale, across the strike of the Seil slates, will show the ratio

of the two planes :

—

Easdale (south side): slates dip S. 62° E. at 32°
;
cleavage same direction at 50°.

„ „ S. 46° E. at 25°
; „ „ 45°.

„ „ S. 64° E. at 68°
; „ „ 42°.

Seil Harbour „ S. 54° E. at 82°
; „ „ 55°.

„ (west shore) „ S. 43° E. at 27°
; „ „ 55°.

S. 40° E. at 33°
; „ „ 57°.

S. 52° E. at 27°
; „ S. 42° E. 42°.

„ (1 mile N.W. of Kirk) S. 60° E. at 60°-67°
; „ 60°-70°.

., (old slate-quarries) ,, obscure dip
; ,, S. 66° E. 27°-45°.

„ (100 yds. N. of last obs.) S. 60° E. 60°-70°
; „ S. 66° E. 40°.

„ (eastern shore) „ S. 68° E. 25°
; „ S. 66° E. 62°.

The bedding of the slates is distinctly denned both by lines of

colour and by the intercalation of seams of hard blue sandy mud-
stone, nodules of which also occur in the slate. The cleavage is most

perfect where the slate is finest in grain ; some of the sandy beds are

only rudely cleaved, and others show no cleavage at all. The sur-

faces of the cleavage-planes are finely waved or foliated, and contain

numerous cubes of iron-pyrites.

Eastern Shores of Linnhe Loch.—The slates of Seil and Easdale

are soon lost in their northward prolongation under the sheets of

greenstone and underlying reddish sandstones * that form so large a

tract in Lorn. North of Oban, however, we find the quartz-rock or

quartzose flagstones rising in terraces along the east coast of Loch

Linnhe, especially in the neighbourhood of Port Appin. They are

covered by the upper limestones and schists as in Islay, and are

clearly underlain by the thick limestone of Lismore. The section

at this place therefore forms the counterpart of that of Islay to tho

south, and that of Ross and Sutherland to the north.

Glen Spean.—The same order of succession continues up the Great

Glen, which, as we have already shown, coincides with the line of an

anticlinal axis. The quartzose strata which have been described as

occurring at the head of Loch Eil, and thence eastwards to Banavie,

roll over to the south-east, and are followed by schistose beds con-

taining several seams of limestone. The stream in Glen Spean, on
the north side of Ben Nevis, shows the succession well. At the

Bridge of Spean, quartzose and schistose strata dip S. 55° E. at a

high angle. Quarter of a mile to the eastward, quartzose flagstones,

much altered, with intercalations of bluish-grey micaceous and talcose

schist, dip S. 62° E. at 65° to §b°. This same quartzose series con-

* The thick-bedded, very hard, greenish, siliceous sandstone on Loch Eeoehan,
south of Oban, is undistinguishable from many portions of the Old Red Sand-
stone, but may be of later age.

VOL. XVII.—PART I. Q
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tinues up the glen for about a mile in nearly vertical beds, striking

N. 16°-24° E., with a slight inclination to the south of east. The
beds are flaggy and micaceous, and sometimes so pulverulent that

they might be called sandstones. They are succeeded by a set of

flaggy, very micaceous schists, nearly vertical, sometimes quite so,

striking N. 44° E. Here a series of bands of grey crystalline lime-

stone occurs, with the lines of stratification well marked, especially

where layers of schist 1 to 4 feet broad are intercalated with them.

A little higher up the river some dykes of felspathic and hornblendic

greenstone occur, striking with the strata N. 34° E.

The same schists continue up the valley, though greatly obscured

by deep drift. They are sometimes talcose, sometimes strongly

quartzose, but usually micaceous. At the Bridge of Roy they strike

N. 45° E. with a south-easterly dip of from 60°-80°.

Here again therefore we are presented, along another line of sec-

tion, with the same order of superposition. Quartzose strata, cor-

responding to the upper quartzose flaggy series of Sutherland and

Ross and the upper quartz-rock of Islay, pass up into a set of schists

which in their lower part contain calcareous seams, exactly as in

Sutherland, Ross, and Islay.

Loch Leven.—Between the section just described and that of Port

Appin above alluded to, there is an excellent transverse exposure of

the rocks along the shores of the maritime Loch Leven. In skirting

the east side of Loch Eil from Port "William southward, the passage-

beds, so to speak, between the quartzose and the schistose series are

seen on the road-side much contorted and broken, but with a

general northerly strike and easterly dip. As we approach Loch
Leven, thick bands of white quartz-rock are seen to occur in the

series ; and on reaching the margin of that loch we find the whole

plunging sharply to the south-east. A bed of limestone is quarried

here, above which lies a thick band of white quartz-rock, and then

come the true slates of Ballahulish, which lie on the same horizon

with those of Easdale.

The intercalation of white quartz-rock above the limestone and

the general interlacing of the quartzose and the schistose series are

facts of great importance.

On the south side of Loch Leven the same slates are well exposed.

In spite of the granite and porphyry masses which here occur, they

have a marked north-easterly strike, and where first seen, though

nearly vertical, incline towards the south-east. Gradually they be-

come vertical; and then, among the great slate- quarries, they take a

high westerly dip. They are traversed by a cleavage very inferior

to that of Easdale, and apparently in the quarries coincident with

the lines of bedding. A little eastward, however, on the side of

the high road, beyond an archway, there is a good section of the

slates, which dip *6°-10° S. of W.'at 45°. They are traversed by

cleavage-planes which dip in nearly the same direction at 75°. These

planes cut through alternate beds, the coarser sandy layers being

uncleaved. Immediately under the slates comes a thick band of

hard blue and grey compact and flinty limestone, with lighter bands
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interstratified through its mass. In its upper part it dips 12° S. of

W. at about 75° with a rude oblique cleavage. Eastwards the dip

changes to nearly S.W., and the angle varies from 50° to 70°. The
limestone, with slaty interstratifications, continues to occupy the

shore for at least half a mile, when it is underlain by another

series of slates and schistose beds towards the entrance into Glen Coe.

Glen Coe.—As we ascend this glen the slates are succeeded by
quartzose rocks, and the whole valley is traversed by a network of

bands of porphyry. The, quartzose strata, however, appear to have a

decided westerly or north-westerly dip, which towards the entrance

of the Pass of Glen Coe becomes very gentle and then undulates

to the S.E. The amount of alteration now becomes very great.

Dykes and masses of felspathic porphyry abound, and it becomes
difficult to detect the actual bedding of the strata, which are split

vertically by a kind of jointing or rude cleavage. Towards the head
of the Pass the schists or slates are again met with, but in an in-

tensely altered condition, having passed into lydian-stone or jasper.

In spite of this metamorphism, however, we believed that they

showed a S.E. dip. Towards King's House masses of granite occur;

and the whole of this region, extending eastwards over the wild

moor of Pannoch and southwards among the mountains of Cruachan
Ben, is eminently metamorphic.

The Breadalbane Forest.—The metamorphic region just alluded

to forms part of the great deer-forest of the Marquis of Breadal-

bane, and is a good centre from which to explore the geology of this

part of the Scottish Highlands. A reference to previous geological

maps will show that this extensive tract has been coloured as

" gneiss" with large areas of granite. In truth, however, the region,

is not one of true gneiss
;
nor, so far as we observed, does the gra-

nite occur in the large, well-defined areas which have been assigned

to it. On the contrary, the same lower quartzose series and upper
schistose series form the groundwork here, as in such vast areas of

other parts of the Highlands, granite and porphyry occurring abun-
dantly in veins, knobs, hillocks, hills—in short, in every variety of

form and size, across the belt of country from Ben Cruachan to Loch
Pannoch. North-west of that belt, that is, along the Loch Leven
shores and towards Glen Coe, the order of succession is plain ;

—

south-eastward through Glen Orchy and the surrounding country,

as we shall immediately see, the order is equally clear ; and even
in the granitified tract itself we are at no loss to determine along

what part of the great Lower Silurian series it lies. There is no
trace of any protrusion of the lower or Laurentian gneiss. The
stratified rocks indeed, as was pointed out to us on the spot by
the noble proprietor, are occasionally hornblendic ; but they cannot

properly be called gneiss, nor can they for an instant be mistaken

for the older gneiss of the North-western Highlands and Islands.

The Moor of Pannoch* may be regarded as an undulating dome

* Macculloch (Trans. G-eol. Soc, old ser., vol. iii. p. 129) describes the Moor
of Rannoch as a rugged plateau of granite, which extends to the head of Loch
Rannoch, or for twenty-four miles, and as "one of the most complicated and

q2
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of the quartzose rocks, with here and there perhaps, where the un-
dulations are broader and deeper, an outlier or basin of the schistose

series. At the Bridge of Bah, between King's House and Inverouran,

the quartzose flagstones have a N.W. dip, and rise from under the

highly altered schists of Glen Coe already referred to. The dip va-

ries greatly even at short distances, but from this point towards the

south-east the north-westerly direction is on the whole maintained.

It is well seen at Loch Tulla, near the Marquis of Breadalbane's

Shooting Lodge of the Black Mount, and on the opposite mountains

of Ben Or, Ben Doran, Ben Do, Ben-na-chalader, and Ben Chreehan.

The south-easterly dip is resumed at the watershed, and eventually

towards Tyndrum we return again upon the schists.

Before entering into the details of the eastern side of this great

anticlinal arch, we here give the results of an excursion by Glen

Orchy to Dalmally, and thence to Cruachan, whereby one of us

denned the southward limit of the arch, whilst the other explored,

for the third time, from the hospitable centre of the Black Mount.
Black Mount by Glen Orchy to Loch Aive.—The quartzose flag-

stones of Loch Tulla are well seen in the channel of the stream

where the road crosses the Orchy. They dip N. 36° W. at 15°-25°.

They are micaceous, the mica being especially abundant along the

planes of bedding, wherelry a fissility is given to the rocks. About
a quarter of a mile below the bridge the same quartzose micaceous

strata turn round to due !N., but a short way down they resume their

dip to N. 26° W. at 20°-30°. Here they are well-marked flag-

stones, each flag being separated from its neighbours by plates of

silvery mica. As we descend the stream the character of the rock

continues the same for several miles, but the dip gradually veers

round to W., W. by S., and S.W., at the same gentle inclination : by
this change the series is slowly repeated ; and the beds eventually

becoming more and more micaceous, are, in fact, in many places true

mica-schist. At Achenafanich, near the bottom of Glen Orchy, a band
of white quartz-rock is seen descending obliquely the west side of

the valley with a south-westerly dip. It is clearly underlain by
some darker micaceous beds and covered by others of a similar

kind. At the bottom of the glen, where the two roads meat, schistose

micaceous strata dip W. by S. at 25° or 30°. They are traversed by
a dyke of augitic greenstone, which runs W. 10° N., rises along the

hillside to the north of the Orchy, and crosses the valley at the head
of Loch Awe near Stronmelch. In Professor Mcol's Map this dyke
is marked as having a N.ET.E. strike. A parallel ridgo to the south

may possibly mark the line of another dyke, but we did not examine
it. About a mile and a half before reaching Dalmally some flaggy

schistose beds are seen in a brook by the roadside, dipping S. by W.
In the streamlet close to the inn of Dalmally, fissile mica-schist

dips S. 16° W. at 55°; and a short way further west, in an old quarry,

interesting districts in the who'e range of Scottish geology." This granite extends

south-westwards into the shoulders of the mountains to the south of the King's
House, where it was pointed out to us by Lord Breadalbane in the old military

road of Marshal Wade, and where it is not marked in previous maps.
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the strata are highly argillaceous as well as micaceous, dipping S. 50°

W. at 42°. At the manse a seam of limestone Avas formerly quarried.

"Where the road crosses the Orchy, sandy micaceous schist dips S. 60°

"W. at 45° to 55°. The same south-westerly inclination continues

towards the head of Loch Awe. Beyond Stronmelch, the greenstone

dyke already described descends from the hillside and plunges below

a drift-covered peaty plain. The strata at the head of Loch Awe
seem to be greatly contorted, having in places even a north-westerly

dip. Another dyke of greenstone, possibly a prolongation of the second

ridge at the foot of Glen Orchy, which we conjectured to consist of

greenstone, crosses the road on the west side of the Loch Awe valley

a short way south of the point where the road crosses the Main
"Water. Quarter of a mile from the bridge a streamlet has laid open
a good section of some quartzose flagstones, micaceous and chloritic,

dipping S. 52° "W. at 35° to 40°.

We made copious notes of the section along the western shore of

Loch Awe to the outlet of the river, but we need only cite here one

or two of the more important facts. The dip, sometimes reversed

and frequently varying, maintains on the whole a south-westerly

direction, and the strata become very schistose as we ascend in the

series. Mica, chlorite, and talc are the distinguishing minerals.

About seven miles from Dalmally a bed of hard siliceous limestone

occurs, with occasionally a green serpentine colour, and many thin

talcose seams. It also contains lenticular masses of white quartz,

and dips S. 54° "W. at 48°. Above this limestone come several

other bands of a similar rock, forming as a whole a thick limestone

series. Serpentine abounds, giving the beds a green colour. Felspar-

porphyry is also abundant, both in the form of beds parallel to the

planes of stratification, and also as veins cutting through the strata

irregularly. This porphyry deserves remark. "Where disposed in a

bedded form, it is traversed by lines of quartz corresponding exactly

to the lines of bedding of the adjacent limestones and schists. It

contains much talc, which, however, is invisible in the cross fracture,

but shows a silvery surface along lines parallel to the bedding-planes.

Otherwise the rock appears to consist mainly of pink felspar. The
aspect of these porphyries more than once suggested the idea that they

were only more highly mineralized portions of the stratified series

that had been metamorphosed in situ.

The schists with innumerable dykes and veins continue down the

Pass of Loch Awe. They appear eventually to be reversed to S.E»,

showing thus the commencement of the other side of the trough

which begins with the south-westerly dip of the strata in Glen
Orchy. The granitic region of Cruachan Ben intervenes between
the Awe and Loch Leven, rendering a careful examination necessary

before the geological lines at these places can be safely joined. In
the meantime, however, we regard the sj'nclinal trough of Balla-

hulish as a continuation of that of the Awe—an inference which
the general strike of the strata at both localities and over part of

the intermediate ground seems to render probable.

Dalmally to Tyndrum.—The section up the glen from Dalmally
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to Tyndrum is very instructive. The dyke which has been already

noticed as trending in a W.NYW. direction from the head of Loch

Awe to the foot of Glen Orchy, runs along the northern side of

this glen for about five miles from Dalmally, beyond which we
failed to trace it. The schistose rocks, seen where the two roads join,

are succeeded by inferior beds of quartzose flagstones, often highly

micaceous. These gradually change their dip from S.W. to S., and
to S. by E. and S.E. The angle of inclination is gentle (15°-20°),

so that the same beds which occur at the top of the hillside on one

side of the glen are seen at a lower level on the other, the S.E. side

being steeper, since it is the escarpment, and the north-west side

more shelving, the slope often nearly coinciding with the dip of the

strata. As we ascend, the oblique direction of the glen brings us

across the strata in a gradually ascending progression until we arrive

again at the micaceous schists. These are seen in the streams around

Tyndrum, where they have a marked S.E. dip.

From this section it is evident that the anticlinal arch of the

Breadalbane Forest sinks down towards the south below the schists,

which curve round the quartzose series in a wide semicircular sweep
that extends from the flanks of Cruachan by Dalmally to Tyndrum.

The Black Mount to Tyndrum.-—The quartzose flagstones of Loch
Tulla ascending into the Ben-Do range have there a marked north-

westerly dip, with a gentle inclination of 10° or 15°. Ascending by
the road from Orchy Bridge we find the flaggy beds well exposed in

ravines and cuttings by the wayside. The north-westerly dip and
gentle angle continue until towards the watershed, when the beds

begin to incline to the north, then gradually to the north-east and
east, until, when the summit of the road is reached, they take a de-

cided south-easterly dip, and a higher angle than on the north-

western side. By this means the flaggy beds are repeated, and we
speedily pass into the schists that overlie them.

The axis of the Ben-Do and Ben-na-chalader chain strikes to-

wards the north-east into the Brae Lyon mountains. It is, however,

only a minor anticlinal fold along the great arch of quartzose rocks,

which we have defined as ranging through the Breadalbane Forest

from Ben Cruachan to Glen Bannoch, beyond which it stretches

away into Atholl Forest and the heart of the Grampian Mountains.

It remains now to describe the disposition of the schists as they

fold round the south-eastern side of this great arch.

Tyndrum to Loch Tay.—From Tyndrum down Glen Dochart the

schists have a south-easterly dip at from 10° to 15°. They occa-

sionally become highly altered, however, with a more rapid dip.

About a mile N.W. from Crianlarich, limestone is quarried. It is a

hard, blue, ciystalline and fissile limestone with numerous green ser-

pentinous and talcose interlaminations, as at Loch Awe*.
At Loch Dochart the schistose or gneissose strata are much gnarled

and tw isted, dipping in various directions from X.E. to S.E. The
whole of the valley of the Dochart is more or less obscured by drift,

* See this limestone described by David Forbes, Quart. Journ. Gteol. Soc.

Tol. xi. p. 166.
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and the rocks are consequently for long distances obscured. As we
approach Luib the dip appears on the whole north-easterly. There

the beds seem undulating along an E.JST.E. axis ; but they may pos-

sibly be reversed to N.W. Near Luib we saw no rock decidedly in

place ; but some exposed ledges appeared to have a N.W. dip.

To the north-east of Luib, limestone has been worked on both

sides of the glen. The seam appears to run along the north-west

side, and is at present quarried on the declivity a short way west of

Killin. Below the limestone in the bed of the river, flagstones are

seen nearly horizontal, evidently the beginning of the quartzose series.

Thus from Tyndrum to TCillin we cross obliquely a synclinal

trough of the schists with limestone at either side, below which lie

the quartzose flagstones. This trough extends north-eastward by
Ben Lawers and Strath Tummel to the head of Glenshee, whence it

appears to enter the Grampians. To the south-east it is prolonged

by the head of Loch Eyne to the Atlantic at Loch Swene.

Loch Tay*.—This magnificent sheet of water occupies the line

of another anticlinal arch. The limestone just referred to as occur-

ring to the west of Killin, sweeps along the north-west side of the

lake, and plunges below Ben Lawers. In reality there are several

limestones here, as there are at Loch Awe ; but we did not stay

to note the details, being satisfied that the whole formed a calca-

reous group above the flagstones and below the schists. On the

south-east side of Loch Tay the limestones also occur, having a

south-easterly dip, and passing under the schists, which here, as at

Tyndrum, contain the well-known metalliferous veins worked by the

Marquis of Breadalbanef.

"We are not aware -how far the limestones stretch towards the

south-west. Those of Loch-Earn-Head appear to belong to another

arch. Towards the north-east of Loch Tay they are soon lost, but

reappear in the valley of the Tummel at Pitlochrie.

The numerous sections along the side of Loch Tay afford ample

scope for working out the details of this region. There is no more
beautiful district in Scotland, nor, at the same time, one where the

geologist might better acquaint himself with the order of super-

position, lithological characters, and mineralogieal riches of the

younger portion of the crystalline rocks of the Highlands.

Loch Tay to Glen Lyon.—This traverse of the mountain-ridge of

Ben Lawers need not be detailed. It shows the limestones of Loch
Tay plunging below the schists of the ridge, which are often crumpled

and contorted. On the north-west side the dip changes to south-

* It gives us great satisfaction to state that before entering upon our labours

of the last summer, Professor Harkness had the kindness to furnish us with
coloured sections made by him during an earlier part of the same year, of part

of the country to the south-east of the line of the Caledonian Canal. His re-

searches were, we found, in complete harmony with our own ; and his section of

Ben Lawers especially was of great use to us. He has since further extended
his observations into the North of Ireland, and found there the same order of

succession among the crystalline rocks, as will shortly appear in a paper com-
municated by him to the Society.

t See Quart. Journ. Geol. Soc. vol. xvi. p. 421, &c.
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east, and the crumpled schists are repeated, until at Glen Lyon the

limestone emerges from below them, followed in its turn, as usual,

by the quartz-rock. Thus the enormous mass of Ben Lawers, like

many other mountains in Scotland, as well as elsewhere, actually

occupies a synclinal trough, while the deep valley of Loch Tay, like

that of the Great Glen, runs along an anticlinal arch.

Loch Tay to Loch JRannoch.—The mountainous road from Ken-
more, by the north-east flank of Sekiehallien to Loch Eannoch,

affords a cross section of the upper schistose beds in their prolonga-

tion along the synclinal axis of Leu Lawers, with the limestone

below them and the underlying quartz-rock, to perhaps a greater

depth than any other locality in the Central Highlands. The north-

west dip of the schists continues for some miles beyond Kenmore.
At the waterfall close to the road, north of where it crosses the River

Lyon, the dip is N. 16° to 30° W. About a mile south of the White-
bridge toll-gate the dip changes again to S.E., forming thus the

north-western side of the trough. As we proceed, we find the lime-

stone rising again in great force from under the schists. It is quar-

ried at the end of Loch Kinardochy, where it resembles the Loch
Tay limestones, but is greatly contorted. We believe that from this

point it ranges across Strath Tummel, and joins the great limestone

series of Blair-Atholl, with which it is undoubtedly identical.

Following that branch of the road which strikes to the left towards

Eannoch, we come to grey micaceous flagstones dipping S. 26° E. at

from 55° to nearly 90°. Yeins of a red felspar-porphyry are not

unfrequent. About four miles from Loch Eannoch, after passing

over a great thickness of quartzo-micaceous flagstones, the road

enters a thick zone of limestone, which when first seen is covered

by dark silky schists, and has a S.E. dip. It soon rolls over, how-
ever, and appears to undulate, often in sharp folds, for a long way,
after which the ground becomes obscured by drift until Kinloch

Eannoch is reached.

The section along the north side of the valley eastward from
Kinloch Eannoch shows that quartz-rock, sometimes as thick-

bedded and brilliantly white as that of Sutherland or of Jura, some-
times flaggy and micaceous, underlies the limestone. jSear the inn,

the flagstones dip E. at 55°, and are probably intermingled with
syenite, large blocks of which strew the hillside. At Drumihastle
the limestone occurs again, having crossed the valley of the Eannoch,
and it here dips E. 8° N. at 65°. It is flaggy and finely laminated,

and is associated with dark schists, as on the south side. Above the

limestone, white quartz-rock and flaggy beds supervene.

The subjoined figure represents the section from Loch Kinar-
dochy to Loch Eannoch. It will be seen that the limestone at the

former locality lies below schists, and, as we have seen, represents

the calcareous bands between the schists and the qiiartzose series on
Loch Tay. and indeed throughout the whole Highland region. Be-
low this limestone come the usual quartzose strata. These form
the higher part of the giant Peak of Schiehallien. But they are here

underlain by a thick limestone, and that by another quartz-rock
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group—a much more complete series than appears to occur any-
where else east of the line of the Caledonian Canal.

Fig. 22.

—

Section of ScJiiehdllien, Perthshire.

N.W. Scliiehallien. S.E.

Quartz-rock with some schist and a bed of limestone. Schists and a bed
of limestone.

At the time when our observations were made, we believed that

in this second limestone we had found tbe prolongation of the great

lower calcareous zone which in Sutherland and Boss, as well as far

to the southward, in Islay, subdivides the quartzose group into an
upper and an under series. The extension of our survey to the

north and to the east served to confirm this inference. We found

the limestone as it stretched northward become thinner, until, not

far beyond Glen Erochie Inn (above which, on the north side of the

valley, it has been worked), it appears to die away altogether; and
it does not occur in the consecutive section along the channel of the

Eiver Garry.

Here, then, along the great anticlinal axis of the Breadalbane

Forest already described, there is a lower part of the series brought

up than at any other locality throughout this tract. It is important

to remark, too, that the greater extent of the curve only serves to

bring up strata already known in other districts, and which could

have been confidently predicted to exist here, as soon as it had been

ascertained that there occurred a lower set of beds than the flag-

stones of the Black Mount. Thus confirmatory evidence is obtained

of the correctness of the present explication of the order of succession

throughout the Central Highlands.

Dednaecerdoch to Blear*.—As the road winds over the hills from

Glen Erochie to Dalnaeardoch, a marked dyke of porpbyritic felstone

with hornblende strikes through the limestone and the micaceous

flagstones in a nearly north and south direction, and runs for a long

way northward. It occurs again in the bed of the Garry, at Dalna-

cardoch Inn, and on the hill above the road, with a breadth of 15 or

20 feet and a strike from S.S.W. to N.N.E. How much further

north it extends we did not ascertain.

There is an admirable section of the quartzose series along the bed

* This tract, according to Macculloch (Trans. Geol. Soc. 1st series, vol. iii.

p. 297), is wholly, or in great measure, composed of bard argillaceous schist, gra-

duating into argillaceous quartz-rock, and more rarely into mica-schist, with

granite-veins here and there dispersed through it.
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of the River Garry, both above and below Dalnacardoch. Above the

inn, the quartz-rock, in well-bedded fissile flagstones, dips to the S.E.

at an average angle of 30° to 35°. Several small dykes of felspar-

porphyry, running along the strike of the beds, occur about three-

quarters of a mile to the north-west of Dalnacardoch. The south-

easterly dip continues for three miles up the Garry, though towards

the end of that distance it becomes subject to undulations, showing
that the strata are on the eve of turning over in an opposite direc-

tion. This reversed or N.~W. dip is well seen in the channel of a

torrent on the right-hand side of the glen, about three miles north

of Dalnacardoch. There, grey flaggy quartz-rock dips N. 42° "W.

at about 30°. The stream has brought down an immense quantity

of shingle from the hillsides, chiefly of grey quartz-rock, with not a

few fragments of reddish felspar-porphyry. Above this, the bottom
of the valley is drifty and alluvial; but the colour and form of

the bounding mountains left us in no doubt that the same quartzose

series extends northward beyond the Pass of Drummuchter.
The descent of the Garry from Dalnacardoch exhibits a clear

ascending section of quartzose flagstones, occasionally schistose and
micaceous. The dip is as nearly as may be S.E., and the angle

ranges from 25° to 60° or 70°. Even allowing for some reduplica-

tions, the thickness of this series must be very great. Here and
there, as at 5|, 4|, and 4^ miles respectively from Blair, dykes and
masses of felspar-porphyry occur, with a general strike from N. by E.

to S. byW. Two miles and a half from Blair the series is terminated

by the superposition of a very thick limestone series.

Blair-Atholl and Glen Tilt.—In following out the curvatures and
breaks of the rock-masses and their reappearances in a regular se-

quence as we proceeded from the north-west to the south-east, it was
evident, from proofs of superposition only, that when we came to the

south-western flank of the Grampians we had once more reached the

upper crystalline series. On a former occasion a similar ascending

succession to the younger stratified crystalline schists, whether mi-
caceous, quartzose, or chloritic, with bands of gneissic character and
argillaceous slates, had been traced from the heart of Ross and Inver-

ness to the northern, eastern, and south-eastern flanks of the Gram-
pians, as seen in the counties of Moray, Banff, Aberdeen, Kincardine,

and Forfar*. To the last of these tracts we shall presently advert.

In examining the south-western flanks of the Grampian chain

near Blair-Atholl, it was indeed quite manifest, judging even from

the flaggy and schistose characters of the rocks, that we were already

among strata superior at all events to the lower quartz-rock and
limestones of the north-west. Glossy shillat with micaceous schists,

resting upon granular quartz-rocks and limestones, and even alter-

nating with them, presented to the eye a mineral development un-
known in the lower members of the altered Silurian rocks of the

North-west, and wholly unlike anything in the Cambrian rocks and
fundamental gneiss of the outer Hebrides and the west coast of

Sutherland.

* Quart. Journ. Geol. Soc. vol. xv. p. 389 et seq., and vol. xvi. p. 237, &c.
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We were now upon the ground rendered classic by the researches

of Hutton, Playfair, and "Webb Seymour, in which, with the memoir
of the last-mentioned of these eminent men in hand, we had only to

admire the truthfulness of their descriptions *, which show, even
down to the minutest details, the infinite ruptures of such strata,

their divergent directions, and their varied phases of metamorphism,
when in contact with or in the proximity of the syenites and green-

stones of the region.

In fact, Playfair and his associate Lord Webb Seymour had here

collected specimens which in one and the same escarpment on the

left bank of the Tilt (not exceeding 600 feet in height) offered proofs

that granular limestone and quartz-rock were surmounted by mica-

slate and gneiss, the latter again alternating with thin quartzose

bands. The great variety of compound rocks detected by these close-

searching explorers, from a small area on the banks of the Tilt and
its affluents, at once demonstrated to us that along the flanks of the

Grampians there exists a richness and variety of mineral develop-

ment which is unknown in the oldest members of the series to the

north-west. Thus, Lord "Webb Seymour cites many compounds of

quartz, mica, felspar, hornblende, actinolite, compact dolomitet, talc,

steatite, and serpentine, mixed in a great variety of combinations

and in different proportions J.

In the same tract of Glen Tilt we saw cause and effect admirably

displayed, as pointed out by Hutton, Playfair, and Seymour. "With

bosses of granite, syenite, and porphyry at hand (mere spurs, however,

of the gigantic granitic and porphyritic masses of the Grampians) we
at once understood how some of these younger crystalline strata

had been converted into the gneiss of the above-mentioned authors,

and had become associated here and there with granular quartz-

rock and limestone, in which the signs of their having been ori-

ginally sandstones and calcareous mudstones could not be doubted.

The numerous disruptions in the tract east of Blair-Atholl have

thrown the strata into a multitude of fragments, as will be best

understood by referring to Lord "Webb Seymour's diagrams, and
particularly to plate 20 of his Memoir, in which upwards of forty

cases of the strike § and dip of the beds are given. "Whilst most

* Not having with us the memoir of Lord Webb Seymour, we were indebted

to the Duchess of Atholl for the loan of it ; whilst the Duke laid open to us the

recesses of Glen Tilt by giving us as our guide his head-forester.

t Lord Webb Seymour notes that compact dolomite is found in Glenelg and
Kintail. We also found there so much actinolite as to form, in fact, actinolite-

schist, with much talcose schist as well as granular limestone. It will therefore

be seen that the superior position we have assigned to the rocks of Kintail,

Loch-alsh, and Glenelg is borne out by their mineral characters also and their

similarity to the rocks of Glen Tilt.

{ Trans. Roy. Soc. Edinburgh, vol. vii. p. 317.

§ The word ' stretch ' has been used by these eminent Scottish geologists to

signify the direction as at right angles to the dip of the strata ; and we almost

regret that, unmindful of the earlier employment of this appropriate term, one
of us, in unison with Professor Sedgwick, was the first to recommend the

adoption of the word strike, from the German " Streichen " of German geolo-

gists. See Trans. Geol. Soc, 2nd series, vol. iii. p. 377 (note).
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of these masses preserve the normal strike of N.E. and S.W., with

considerable deviations, however, to the N. and S. of E., there are

examples of east and west directions ; and we meet with others

(particnlarly high np the Tilt, between the Cloehan and the Tarn)
where the strata striking from S.E. to N.W. are there placed at

right angles to the direction of the normal masses. This takes place

where intervening syerritic and granitic rocks occur, the stratified

rocks being arranged with divergent strikes and dip around snch

amorphous bosses.

In fact, it is sufficient to ascend the Banavie Burn from the Castle

of Blair for half a mile to see every possible discordant break among
strata of limestones and schists which have been penetrated by
porphyritic and syenitic rocks.

We do not pretend to have succeeded in unraveling the geolo-

gical structure of this most difficult and intricate region. There
are probably some powerful faults, whereby parts of the series are

repeated, while other portions are concealed from view ; but we
could not satisfy ourselves as to the exact position of any one
dislocation. Besides faults, however, the district is greatly compli-

cated by the curvings and twistings of the beds, so carefully and
completely investigated by Playfair and Webb Seymour*, and by
Maccullocht.

We are unable to decide what relation the limestone of Loch Ban-
noch and Glen Erochie bears to that of Inverveck—the point where
limestone is first seen in descending the Garry. If we could suc-

ceed in identifying them, probably a great part of our difficulty

would be removed. The rock at Inverveck on the south-west side

of the Garry, 2| miles from Blair-Atholl, is a white, grey, or green-

ish crystalline rock, sometimes almost a steatite, with pale leek-

green, talcose laminas. The strata are much broken, but the dip is

on the whole south-easterly.

In the grounds of the Ditke of Atholl, espcciaUy along the

classic Glen Tilt, good sections are obtained of parts of this lime-

stone series, traversed by veins of granite and porphyry. There is

much local disturbance and great metamorphism at this locality.

Nowhere can this be better seen than in the deep wooded dell of

Glen Banavie, immediately behind Blair Castle. We first encounter

dark schists, greatly hardened and traversed by dykes of felspar-

porphyry, which have a N.N.E. strike. The strata have here no
determinate dip

;
indeed, the bedding is almost obliterated. Higher

up, however, the disturbance lessens ; and eventually the usual flag-

stones set in, with a steady south-easterly dip at 25° or 30°.

* Trans. Eoy. Soc. Edinburgh, vol. vii. p. 303.

t Trans. Geol. Soc. vol. iii. See especially Macculloch's admirable descrip-

tion of Glen Tilt (foe. cif. p. 297). He speaks of granite having a foliated

structure, and of that structure being especially observable in the vicinity of
quartz-rock. He dwells particularly on the distinction between quartz-rock'and
gneiss (p. 294), and shows that in Glen Tilt the general series consists of mica-
slate alternating in a very irregular manner with hard argillaceous schist and
quartz-rock, and with a few beds of limestone (p. 291). The syenite and green-

stone of Playfair and Webb Seymour are called by him granite.
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"We ascended Glen Tilt as far as the Forest Lodge, where one of

us climbed the precipitous hill that forms the eastern side of the

glen. The whole of this region has been so minutely described by
the fathers of Scottish geology that we shall not venture to offer any
details, further than that the section of the east side of the glen,

opposite the Forest Lodge, shows very clearly that the limestone,

after sundry intercalations of schist, is overlain by a thick, massive,

white quartz-rock. This rock ought to be found in the Garry, but

we could not detect it, unless the hard thick-bedded grey quartz-

rock at Ault Clune, two miles below Blair, be its representative.

In the valley of the Garry at Blair and below it, there are pro-

bably at least two zones of limestone, one underlying the quartz-

rock, as does the limestone of Loch Bannoch, as well as that of

Glen Tilt, the other overlying the quartz-rock, like that of Loch
Kinardochy ; but the whole of the sections in this part of the river

are very obscure*.

Blair to Dunkeld.—Passing over the obscured and doubtful ground
in the valley of the Garry below Blair-Atholl, we eventually meet
with quartzose and schistose strata, considerably contorted

;
they are

seen here and there in the bed of the stream, particularly at the

bridge above the romantic Pass of Killiecrankie. About three miles

and a half below Ault Clune, they change their dip from S.E. to

The series is then repeated ; and at Pitlochrie the lime-

stone comes up again. From this point the latter rock strikes

across the hills in a north-easterly direction across Strath Ardle to

Glenshee, and thence into Glen Isla. How far it extends to the

south-west we did not ascertain. At the Pitlochrie quarry, the dip

is 1ST. 10° E.

The valley south of Pitlochrie, judging from the scanty sections

to be seen by the wayside, appears to run for two or three miles

upon the flagstones that underlie the limestone ; two miles south

from that village a quarry has been opened in a micaceous quartzose

flagstone, which there dips N. 30° E. at 15°
; and similar strata are

occasionally seen in the channels of the smaller streams that descend

into the Tummel. These quartzose strata probably roll over again to

the south-east ; for we soon come upon the schists. But the valley

is much obscured by alluvium, especially after the junction of the

Tummel with the Tay ; and the time at our disposal did not allow of

excursions on either side of the Strath, to settle the relative boun-
dary-lines.

At Dunkeld the upper schistose series is displayed in force. The
great quarries south of Birnam have been opened in grey slate, the

beds of which dip N. 70° W. at 65°, and are traversed by a cleavage

(much less perfect than that of Easdale), the planes of which are

inclined in the same direction at 55°.

* Since our observations were made, we have communicated with Prof. Hark-
ne33, and have found that he has detected the upper limestone skirting the flanks

of the Ben-y-Grloe Mountains, not far above Blair. His observations on this

district will form part of the paper already alluded to. As shown in the test,

we also met with the upper limestone at the Spittal of GHenshee ; but this is at a
considerable distance from the Garry valley.
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/The cuttings of the Dunkeld Railway have shown the junction of

these slates with the overlying Old Red conglomerates. The slates

are there considerably twisted, and their edges are covered by a con-

glomerate, which consists mainly of felspathic matter, the pebbles

being for the most part rounded and subangular pieces of various

amygdaloidal and porphyritic felstones. It was evident at a glance

that these pebbles of igneous rock were not derived from the Gram-
pians, since they differed lithologically in a marked degree from
the felspathic rocks of the crystalline region. Another fact readily

observable was the great scarcity, in places the entire absence, of

any fragments of the metamorpbic rocks of the neighbouring moun-
tains, or even of the slates on which the beds of conglomerate rest.

The inference we formed was, that these conglomerates were derived

from volcanic ejections during part of the Lower Old Red Sand-
stone period ; and this was speedily confirmed by finding, inter-

stratified with the conglomerate, a band of dark compact amygdaloidal

felstone, above whicb the conglomerate became exceedingly coarse,

and contained large detached masses of this same felstone. The
strata become finer as they recede from the junction with the slates,

and to the south pass gradually upwards into sandstones.

Spittal of Glenshee to Blairgowrie.—The last traverse which we
made this summer was from the Spittal of Glenshee, clown that glen,

to Blairgowrie and Dunkeld. From the Spittal a glen called Glen
Beg branches off to Braemar in a N.N.E. direction. Its western

side is formed by a line of limestone which also ranges south-

east for nearly a mile. It resembles the limestone of Blair, and,

like it, is interstratified with talcose, chloritic, and micaceous

schists. Some of these schists are carbonaceous, losing 15 per cent,

of their weight after ignition*, and present a remarkable wavy bed-

ding, with foliated surfaces, and a kind of rude cleavage. The
number of different bands of limestone is great in this locality, and
their changes of dip and strike endless. AYith a tolerably persistent

N.N.E. strike, they overlie the Ben-y-Gloe quartz-rock, and range

up Glen Beg, crossing the watershed, and descending again to

Braemar. Syenite and porphyry abound, in the form of large amor-
phous masses or dykes and veins.

On the east side of Glen Beg, the beds at the watershed have a

marked S.E. dip, which continues also in the quarry about a mile

nearer the Spittal. But much careful work is needed in this highly

altered region before its geological details can be thoroughly under-

stood. Limestone, with a northerly dip, has been quarried two
miles south of the Spittal, the intermediate ground being occupied

by gnarled schists.

Much felspathic rock (syenite or porphyry) occurs on both sides of

the glen. The strata become very quartzose, in gentle undulations, as

we proceed southwards ; and at Lair, a small cottage about two miles

from Dalrelzian, they are micaceous flagstones, dipping S.E. at 8°.

* These schists will be referred to in a subsequent paper, in which we propose
to indicate the distinction between foliation and cleavage. The carbonaceous

schist was analysed by Mr. Tookey of the School of Mines.
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At Dalrelzian, limestone is again quarried. This band has a
westerly dip at the quarry; but its general range is from S.~W. to

N.E., as it occurs in Strath Ardle, south of Kirkmichael, and crosses

by the southern flank of Mount Blah- into Glen Isla. It is suc-

ceeded by gnarled schists, and these again at the Bridge of Cally

by slates, which have a decided S.E. dip at a high angle. In a short

distance, however, the slates take a north-west dip, as they do at

Birnam ; and at Kattray, a little north of Blairgowrie, they are

overlain by the conglomerate of the Old Bed Sandstone.

Eastern Flanks of the Grampians.—It was a special object of one
of us in a former year to re-examine the schistose rocks on the

eastern flanks of the Grampians in Kincardineshire and Forfarshire.

This was done in two traverses on different parallels in 1827 and in

1859 ; and in both of these the succession was found to be similar.

In fact, a perfect conformity between argillaceous schists with some
limestone, and certain micaceous schists lying nearest to the interior

of the chain, was found to prevail. Numerous bosses of porphyry,
not laid down on any map, were also observed ; and around these

granitic, syenitic, or other amorphous rocks, the highly broken strata

assumed a gneissic character.

Any one who is acquainted with those localities, i. e. the valleys

of the Bervie Glen, west of Laurence Kirk, of the Forth Esk, the

Prosser, and South Esk, and will now read our descriptions of the

superior schistose and slaty rocks with limestone in the south of

Islay, cannot doubt that on the east flank of the Grampians we have
a repetition of the upper portion of the same great series, the dif-

ferent members of which we have traced in vast undulations from
N.W. to S.E. In fact, the detailed and faithful description of the

transverse valley of the North Esk by Colonel Imrie, which was
read in the year 1804 *, may be still referred to, after so long an
interval, as being in itself a full and copious illustration of our

upper series
;
though, when that paper was written, the author, as

well as most of his contemporaries, believed that all such Grampian
primary schistose strata had been accumulated at a period long an-
terior to the existence of life upon the surface of the globe.

In this section we also meet with the valuable proof that all the

so-called slates were in truth layers of subaqueous deposit, inasmuch
as they alternate over and over with what Colonel Imrie called

his " aggregate rock," or, in other words, strata of broken mate-
rials accumulated in ancient seas. As this section was examined
on foot by one of us in company with Professor Sedgwick in 1827
and found to be quite correct, we now see how completely the facts

accord with all our subsequent observations on other flanks of the

Grampians.

"Whilst on this occasion we are unprepared to enter into a detailed

description of the Grampians, we feel assured, from examination of

the flanks of these mountains on many points of the compass, that

the strata which there exist belong, on the whole, to the upper
members of the crystalline stratified rocks of the Highlands, with

* Trans. Eoy. Soc. Edinburgh, vol. vi. p. 1.
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here and there an emergence of the quartz-rocks and limestones,

and that the granites, syenites, porphyries, and other igneous rocks,

which occupy so large a portion of the chain, are necessarily of

comparatively young age. "We have indeed completely satisfied

ourselves, by ascending to the heights of Braemar on the one side,

and by entering into the heart of the chain from Aberdeen to Bal-

moral on the other, that whilst there are no clear proofs of the

existence of any altered rocks of even the lowest Silurian age, there

are certainly not in these mountains any strata of the Cambrian date,

and still less any traces of the fundamental gneiss of the North-

western Highlands and Islands.

The old notion, therefore, that the Grampians contain the nucleus

of the most ancient rocks in Scotland, must now be abandoned.

Appendix. By Sir Roderick I. Murchison.—February 6, 1861.

A memoir by Professor Nicol having been read before the Geo-
logical Society on the 19th December last, in which the author

exhibited several sections illustrating the relations and succession

of the stratified crystalline rocks of Sutherland, which were
directly at variance with the sections of the same localities which
had been published by myself (and confirmed by the observations

of Professors Banisay and Harkness), I then explained, viva voce,

how I conceived that Professor !Nicol had been misled by assigning

much too great an importance to what I considered to be local

and partial disturbances only. I argued that local interferences

of eruptive rock in nowise set aside the broad data I had for several

years been accumulating, which prove the existence of a funda-

mental gneiss, as distinguished by infrajiosition, direction of the

strata, and mineral characters from all the crystalline schists which
overlie those quartz-rocks and limestones that rest upon such older

gneiss. Professor Nicol, on the contrary, adhering to the views of

the older Scottish geologists (as represented in former maps of Scot-

land, and his own), considers vast masses of the rocks which I

ranked as overlying, to be simply the older gneiss brought up to the

surface, and placed in apparently overlying positions by enormous
upcast-faults. As his memoir has been published in the Journal of

the Geological Society*, I am bound to place on record that I hold

distinctly to the general accuracy of those sections which I published

;

and, believing that the alterations in them proposed by Professor

Nicol are either erroneous or founded on deceptive local appearances,

I consider that all his reasoning as founded thereon must fall to the

ground.

I will here advert to those sections of Professor Nicol which are

most important.

First, let us examine the section from Loch Eriboll (p. 92, fig. 5),

which passes across the ridge to the east of Eriboll House ; since this

is the very traverse made by Professors Banisay and Harkness, as

well as by myself. In that diagram the author exhibits much which

* February 1801, vol. xvii. No. 65, p. 85, &c.
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is not to be seen between Eriboll House and the summit of the ridge.

The section is compiled from some disturbed beds which he observed
in a ravine at a certain distance on the strike of the formations, and
he thus introduces, beneath the real and visible section, in which all

the strata of the escarpment of the ridge are seen to dip to the E.S.E.,
an ideal subterranean complication. In doing this he commingles
the existence of a great fault with a stupendous underground twist

of the fundamental gneiss, which rock is not seen nearer to this spot

than five or six miles, and which at that distance has a strike en-
tirely discordant to the quartz-rocks there lying upon it. Yet this

deep-seated granitic and hornblendic gneiss has, it is suggested, not
only changed its direction, and been thrown up conformably on the
quartz-rock and limestone with a south-easterly dip, but has also

been transformed into a micaceous and chloritic schist, wholly
unlike any portion of the old gneiss !

My conviction therefore remains unaltered, that, excepting local

and partial disturbances, and the irregular intrusion of igneous rocks,

the order above Eriboll House is absolutely that which has been
published by myself and witnessed by my associates*. It demon-
strates, in short, a true ascending order and transition from quartz-

rocks and limestone below, into superior micaceous and chloritic

schists (upper gneiss), as first indeed observed thirty-three years ago
by Professor Sedgwick and myself at this very spot.

Secondly, Professor jSTicol has brought forward sections across

the strata at points where they are much broken and affected by
local intrusion of igneous rocks (notably figs. 3, 4, and 6, pp. 88,

89, 93), in order to show that the intrusive rocks occupy such a place

as to indicate a line of great dislocation along which the older gneiss

has been heaved up to the surface. But this view has been shown,
in former memoirs as well as in the present communication, to be
unfounded, inasmuch as similar igneous rocks (felspar-rocks, por-

phyries, and syenites) re-occur at various horizons in the series of

crystalline rocks, and do not invalidate the general ascending order,

or change the general conformity of the strata.

Thirdly, at Assynt (see fig. 8, p. 96), the ascending section

from the Loch, as given by Professor Nicol, is made to terminate

with a limestone above the quartz-rocks ; it being held by him that

there is no quartz-rock above the limestone, except such as is brought
into that position from beneatli by upcast-faults. Now, in my own
section of the same localityt, an upper quartz-rock is shown to lie

conformably upon, and to succeed regularly to, the limestone ; and
in confirmation of the accuracy of this fact, and of the clear proofs

of a passage upwards from that limestone into a superior quartz-rock,

I have not only the testimony of Professors Ramsay and Harkness,

as previously cited, but that of Mr. Geikie, who, unaccompanied by
me, visited the same spot last summer, and saw unmistakeably clear

* In fact, if Prof. Nicol's section be viewed as respects the portion of the strata

which can alone be seen, it is almost identical with my own. (See Prof. Hark-
ness's section, Quart. Journ. Geol. Soc. Aug. 1859, to1

, xvi. p. 231, fig. 9.)

t Quart. Journ. Geol. Soc. Aug. 1859, vol, xvi. p. 217, fig. 3.

VOL. XVII.—PART I. E
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evidence of the existence of an upper quartz-rock, under which the

limestone passed without any break*.

Fourthly, I simply repeat the statement I previously made, that

there are the most essential distinctions between the old and funda-

mental gneiss of Loch Stack and Loch More on which tbe quartz-

rock and limestone repose, and the earthy and slightly micaceous

flagstones which overlie such rocks on Loch More, and specimens of

which to compare with the older gneiss are exhibited. See Professor

Nicol's section, fig. 6, and my section, vol. xvi. p. 226, fig. 6. Here
again the strike of the old or Laurentian gneiss (a) is nearly at right

angles to that of the overlying flag-like schists {cV) with which
Professor Isicol unites it.

Fifthly, I am compelled to point out, in defending the correct-

ness of my own views as regards the relations of the rocks in Durness,

that the second of the sections of Professor Mcol (p. 87) is, on the

face of it, very inaccurate. The author gives this line of section as

proceeding from Far-out Head on the west to Kean-na-binn on the

east. Now the fact is, that this line is really from N". by "W. to

S. by E. (see Map of Sutherland and Admiralty Charts). Owing to

this error, the strata are necessarily placed in false positions ; for

those of the Far-out Head, and the promontories extending to the

Bishop's Castle, and which dip away to the east, are, as I have shown,

the overlying thinly laminated schists with white sandy micaceous

flagstones f, and are quite distinct, by position as well as structure,

from the nearest old granitic and hornblendic gneiss, which, striking

from N.N.W. to S.S.E., clips to the S.S.W.

Sixthly, I would observe, that the section fig. 9, p. 100, from

Cnoc Chaorinie to Alt Ellag, as given by Professor Nicol, seems

essentially to sustain the proofs of the order of succession which I

have pointed out ; for in it we see a lower quartz-rock and limestone

followed conformably by overlying quartz-rocks and limestones,

whilst these are succeeded, also conformably, by chloritic schists.

The only difference between this section and my own view of the

succession in that tract is, that neither my companions nor myself J
could observe tbe fault or dislocation § which Professor Mcol has

* See also Prof. Harkness' s sections in my memoir, Quart. Journ. Geol. Soc.

Aug. 1859, vol. xTi. p. 221, fig. 4, and p. 223, fig. 5.

t Specimens of these thin flag-like sandy schists from this promontory were
exhibited at the Meeting to show their entire dissimilarity to the old gneiss of

Kean-na-binn and the ridge S. of Durine Inn, with which Prof. Isicol connects

them.

J Professor Ramsay sedulously explored tliis locality by himself.

§ In a letter recently addressed to me by Professor Harkness, in which he
points out other errors in the sections of Professor Nicol, which I do not here

mention, he thus alludes to the introduction by Professor Nicol of the fault near

Alt Ellag between the quartz-rocks and the overlying chloritic, micaceous, and
gneissose rocks:—"Of this fault suffice it to say, that there is not the slightest

evidence of any crack here." It has naturally given me great satisfaction to have
the support of such an able and. independent observer as Professor Harkness,

who, when he visited the west of Sutherland, after a discussion wliich had taken

place on those very points at the Aberdeen meeting of the British Association,

had, as he himself writes, " a stronger feeling towards Xicol than yourself, so

that I may be said to have to some extent prejudged the case
;
when, however,



1861.] MTJRCHISON:—HIGHLANDS. 231

placed between the quartz-rocks and limestones and the overlying

chloritic and somewhat gneissic schists.

In referring to the conclnding pages of Professor Mcol's last

memoir, I must remind him, that, when he calls for more proofs of

the continuance of the ascending order through the central and more
easterly parts of Sutherland and Eoss than have as yet appeared, he
ignores what I have published on those very points. In 1858 I gave
a section from Loch Eriboll across the Moin to the Kyles of Tongue,
and in the following year I traced the ascending order with Professor

Bamsay from the inferior quartz-rock and limestone through over-

lying micaceous schist into gneissic rocks, the latter being invariably

most prevalent when in the neighbourhood of eruptive masses of

granite and syenite. It was on that occasion that we first ascertained

that Ben Stomino (which in Professor NieoFs map is represented as

Old Ked Sandstone) was a granite. We had therefore already

answered Professor Nicol's present query, and had shown that " the

huge syenitic domes of Ben Loaghal and Ben Stomino do not break
the series, and bring it under the lower and older gneiss*." Again,
Professor Nicol writes as if Strath Oikel had not been examined,
though that tract was specially cited by myself as proving an as-

cending order; and when he says that no one has been in the

fastnesses of Pannich Porest, I may refer him to my own descrip-

tion of a great north-westerly fold of the overlying strata on Loch
Pannich f . In fact, if geologists will only take the trouble to read

my memoirs of 1858 and 1859, as published in the Journal of the

Geological Society, they will find many other proofs of the conti-

nuity of the ascending series to the eastern parts of Eoss-shire,

and of their intense metamorphism and gneissic characters when in

contact with granitic rocks.

As Professor Nicol has endeavoured to show that my sections are

inaccurate, I may be permitted to point to the great discrepancy

between his earlier sections, published the year after he accompanied
me (his first visit to Sutherland), and those on which he now
relies. Denying as I do the accuracy of the last, I affirm that some
of his first or original sections are quite correct ; indeed they entirely

agree with my own if. Pirst, in the west of Sutherland, he shows,

as I have done, a fundamental gneiss (a), a red sandstone (5),

quartz-rocks and limestones, and a conformably overlying "upper
gneiss" [sic] (/) above the House of Eriboll. Yet now he has
composed the very different diagram for the same spot, and on that

I saw evidence so clear, I at once adopted your conclusions." Professor Harkness
thus concludes his letter:—"The observations which I have since made, both in

other parts of the Scotch Highlands, and in the north of Ireland, have still

further corroborated your conclusions
;
and, with reference to the hypothetical

views you expressed, I am convinced that the whole arrangement of rocks from
the fundamental gneiss to the upper gneissic rocks, &c, as recorded in your
memoirs, is the true sequence of the strata which make up the older sedimentary
series of the Highlands of Scotland."

* See Prof. Nicol's Memoir, Quart. Journ. Geol. Soc. vol. xvii. pp. 112, 113.

t Quart. Journ. Geol. Soc. vol. xv. p. 387.

| See Quart. Journ. Geol. Soc. vol. xiii. pp. 22, 23.

E 2
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diagram I have already dilated. Next, in his old sections on Loch
Broom, his order of the quartz-rock and limestone, conformably

overlain by his " upper gneiss," is equally clear, and is entirely in

Unison with the section made by my companion last summer and

with my old observations. In short, his " older gneiss " lying be-

neath all the other rocks is a, and his " upper gneiss " (6) is high in

the ascending series.

I say, therefore, in citing his own observations and sections, that

there is an " upper gneiss ;
" and to whatever " old, long-established

principles of Scottish geology" Professor Nicol may appeal, I main-
tain that the researches of my contemporaries and myself have neces-

sarily led to the establishment of the new classification.

In conclusion, I may say, that our labours during the last

summer, as detailed in the preceding memoir, seem to me to have

determined the question at issue, by an appeal to the order exhibited

over other and very extensive Highland regions. Thus, Mr. Geikie,

taking up the survey of the mainland, whilst I was exploring the

Laurentian gneiss of the Lewis, has followed the disputed line of

junction from Sutherland through mountainous tracts of Ross-shire

for more than sixty miles, and, by observing closely a number of

transverse sections, has completely established the proofs of a regular

and unbroken ascending order from the inferior quartz-rock and
limestone into overlying quartzose and micaceous strata (occasionally

assuming gneiss-like characters), which, graduating up into chloritic

schists and clay-slates, occupy such vast breadths of the north of

Scotland. On my own part, I have, during last summer's survey

with my associate, so satisfied myself of the existence of the same
ascending order, not only in many parts of my native county of

Ross, but also by researches in the Southern Highlands, and notably

in Islay, as explained in the preceding memoir, that, being now
convinced that the principle of classification I suggested is esta-

blished on a sound basis, I take my leave of the subject, trusting to

Mr. Geikie and my other able colleagues of the Geological Survey,

as well as to Professor Harkness and younger geologists than myself,

to discover new truths, which may improve or modify my con-

clusions.

On the Coincidence between Stratification and Foliation in

the Crystalline Rocks of the Scottish Highlands. By Sir

Roderick I. Merchison, " D.C.L., V.P.G.S., F.R.S., &c, and
Archibald Geikie, Esq., F.R.S.E., F.G.S.

[Bead February 20, 1861, but, by permission, printed here in association with
the foregoing paper, which has reference to the same country.]

~No memoir on the crystalline rocks of the Highlands of Scotland

can be regarded as complete if it contain no reference to the ques-

tion of the " foliation " in that region, as fii'st raised in the year

1S52 by the late Mr. D. Sharpe. In our paper which was laid

before the Society at the last Meeting, we avoided entering upon
this subject, reserving such remarks as we have to offer for a sepa-
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rate communication. At the same time we must specially refer to

our preceding memoirs on the structure of the Highland crystalline

stratified rocks, in which we have shown that the different mineral
formations which succeed to each other offer distinct proofs of

original deposit under water, some of them even containing organic

remains. Our conviction of the truth of this view has been arrived

at, not by any theoretical hypothesis, but by repeated and long-

continued observations of the succession and nature of the stratified

Highland rocks ; and hence we are under the necessity of recording

our dissent from the opinions of a distinguished geologist now no
more, who, in a memoir published in the ' Philosophical Trans-
actions,' and illustrated by a map and sections, has endeavoured to

prove that the very lines which we refer to deposit are lines of a
foliation which is the ultimate stage of the action of cleavage. We,
on the contrary, referring to our former memoirs for our proofs of

sedimentary deposit, will now point out that wherever cleavage

does exist in these Highland rocks it is transverse to those laminae

which have been referred to foliation by Mr. Sharpe, and which
we consider to be simply crystallized stratification.

In the early days of Scottish geology, it was shown by the illus-

trious Hutton and his contemporaries, that the gneiss and schists

of the Highlands were truly sedimentary formations, and that their

present crystalline structure arose from the action of heat at a

period posterior to their deposition. Subsequently the same views

were entertained and promulgated on all occasions by Macculloch,

during and after his numerous explorations of the Highlands.

Those eminent geologists and their successors, during many years,

never doubted that the planes or lamina? of the schistose rocks

represented former lines of stratification, and they wrote of the dip

and " stretch " or strike of these altered rocks precisely as they

would have done had they been treating of unaltered sandstones,

shales, and limestones. But, after the publication, in 1846, of Mr.
Darwin's observations on the metamorphic rocks of South America,

attention was drawn more pointedly to the structure and origin of this

class of rocks. That distinguished naturalist believed that, in the re-

gions of Chili and Tierra del Fuego, the planes along which the sepa-

ration of the crystalhne particles had proceeded did not coincide with
the original planes of bedding, but with the planes of cleavage. He
proposed to apply the term " foliation " to the laminar arrangement
of gneiss and schist—a term to which, if used merely to express

this arrangement, without reference to its origin, we have no objec-

tion. But Mr. Darwin considered that his observations bore out

the general inference, that foliation and cleavage are parts of the

same process,—" in cleavage, there being only an incipient sepa-

ration of the constituent minerals ; in foliation, a much more com-
plete separation and crystallization*:" and he applied this theory

to the elucidation of large tracts of South America.

Kow, however this doctrine may be borne out in regions which
we have not seen, we hold that it is utterly inapplicable to the

* Darwin, Q-eol. Obs. South America, pp. 156-16u.
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Highlands of Scotland, or to any mountain-tracts in Europe which
we have explored. In fact, all our contemporaries, with whom or

with whose works we are acquainted, have treated such larninse

as marking, on the whole, the lines of original stratification. Thus,

in 1827, when one of us explored the Highlands with Professor

Sedgwick, that distinguished man clearly pointed out, in situ, the

absolute independence of such foliation and cleavage ; and thence-

forward, and after repeated surveys of the same region during suc-

cessive years, we have, on various occasions *, expressed our entire

dissent from the doctrine and opinions of the lamented Mr. Daniel

Sharpe, recorded in a memoir entitled " On the Arrangement of

the Foliation and Cleavage of the Eocks of the North of Scotlandf

As early indeed as the year 1835, and consequently eleven years

before Mr. Darwin wrote, and seventeen years before the publica-

tion of Mr. Sharpe, Professor Sedgwick, in his remarkable " Me-
moir on the Structure of large Mineral Masses," actually enunciated

the distinctions on which we insist in this memoir. In speaking

of those ciystalline schists of parts of England and Wales, and of

the Highlands of Scotland, which are " finely foliated," he goes on
to say :—" In general, however, the foliated uneven layers of these

older formations belong, I believe, to beds, and not to cleavage-

planes; and the oldest and most crystalline rocks, designated by
the general term of schists, have no true slaty cleavage in the sense

in which I have used the term +."

Professor Sedgwick thus defines these distinctions :
— " Bed is

always applied as the English synonym of stratum ; and the words
thick-bedded, thin-bedded, thick-flaggy, thin-flaggy, and laminated,

are words in common use, and express well enough different modi-
fications of stratified structure. The term foliated, again, expresses

very well the peculiar structure of mica-schist, and the fine, glossy,

undulating layers of greywacke." After enumerating the essential

difference between slaty and flaggy structure, he adds :
—" In this

way, foliated as distinct from laminated, and slaty as distinct from

flaggy, become terms of a definite meaning §."

It should be further remembered, that in the year 1840, and also

before Mr. Darwin's observations were published, the Local Di-
rector of the Geological Survey, Professor Ramsay, devoted himself

specially to a careful survey of Arran, and in the early part of the

following year published a descriptive account of the geology of

that island. In speculating upon the origin of the quartz -layers

that are interbedded in its schists, he remarks that these quartz-

layers " he in regular lamina?, very numerous, and parallel to the

plane of stratification. Sometimes these alternations are almost

as minute as the leaves of a closed volume." He thus clearly

* Report Brit. Assoc. Glasgow, 1855, Trans, of Sections, p. 86. Siluria, 2nd
edit. pp. 179. 195. Quart. Journ. Greol. Soc. vol. vii. p. 168 ; and vol. xv. p. 391.

t See Philosophical Transactions, vol. cxlii. p. 445 (1852) ; with a coloured
map of Scotland and sections.

I Trans. Geol. Soc, new series, vol. iii. p. 479.

§ Ibid. p. 480.
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recognizes the existence of stratification-planes, and the parallelism

of these as a whole with the interlaminations of quartz *.

The late Mr. Daniel Sharpe, in his memoir, endeavoured to prove

that the foliation-laminse of the gneiss were arranged in great arches,

ranging in a JST.E. and S.W. direction. But true slatj cleavage, as we
have already remarked in our preceding memoir, is rarely met with

in the Highlands, and where it does occur, it is nearly always

more or less transverse to the planes of stratification. Again, whilst

Mr. Sharpe does advert to rare examples of cleavage-planes tra-

versing those laminas which he refers to foliation (Phil. Trans. 1852,

vol. cxlii. p. 449, and pi. 23, figs. 1, 3, 4), he maintains throughout

his memoir, and illustrates the view in his general sections, that all

those bands of different mineral matter which we have shown in

preceding memoirs to be successive deposits, are due to foliation only.

He altogether loses sight of the great intercalations of limestone, some

of which, as we have formerly shown, contain organic remains. Let

us now give some illustrations of our views.

At Dunkeld in Perthshire, at Easdale in Argyllshire, or at Bally-

hulish, where true cleavage exists, it is seen to cut through those

lines of colour, by which, in finely levigated clay-slates of a homo-
geneous composition, the original laminae of deposit are recognized.

In the argillaceous schists on the flanks of the Grampians, and
notably near the Spittal of Gflenshee, where the strata are often

violently contorted, as seen in the specimen we now exhibit f, the

cleavage-planes are rudely parallel to each other, and cut right

across the undulating layers of black carbonaceous schist. This

specimen is indeed a good example of the view now adopted, that

the parallel planes of cleavage are due to lateral pressure ; for here

we have a proof that the original beds of carbonaceous shale have

been so intensely squeezed up as to produce the contortions exhi-

bited, whilst the cleavage-planes traverse them. We have also at

hand in this locality the explanation of these contortions in the exist-

ence of numerous points or bosses of syenite, porphyry, and other

similar rocks, which protrude to the surface around the Spittal of

G-lenshee. The compressed schist to which we allude is so highly

carbonaceous in the little burn to the west of the inn at the Spittal,

* Professor Ramsay, in a paper read before the Geological Society (Quart.

Journ. Geol. Soc. vol. ix. p. 172), discusses the metamorphism of Anglesea, and
refers it to a period anterior to that of the cleavage of the Welsh slates. He
adds, that " if the rocks be uncleared when metamorphism takes place, the folia-

tion-planes will be apt to coincide with those of bedding ; but if intense cleavage

has occurred, then we may expect that the planes of foliation will lie in the planes

of cleavage." And in the letter-press explanation of Sheet 40 of the Horizontal
Sections of the Geological Survey, he unhesitatingly declares his belief, that the

metamorphic rocks of Anglesea are the prolongation of the green and purple

grits and slaty rocks of Bangor ; and that, moreover, they are disposed along an
anticlinal axis, the S.E. side of which consists of the higher part of the Cambrian
series, overlaid by the Lower Silurian, while the N.W. side brings down the

same succession, though broken by a line of fault, " thus comjjleting the series,

and adding to the probability of the Cambrian age of most of the metamorphic
rocks of Anglesea."

X This specimen is deposited in the Museum of Practical Geology.
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that some of the points of rock blacken paper like a black-lead,

pencil, and we therefore supposed it might be graphite ; but a che-

mical examination of it at the Government School of Mines by Mr.

C. Tookey has shown that it is simply highly carbonaceous black

schist, Avith some mica, the rock yielding on combustion nearly 16

per cent, of carbon.

In arriving at the belief which we entertain, that all the " foli-

ation" of the crystalline rocks of the Highlands which we have

examined is nothing more than the original laminpe of deposit under

water, of sand, clay, lime, mica, &c, which have been so altered as

often to segregate in one layer more mica, and more sand or clay

in the others, thus evolving felspathic, quartzose, and micaceous

crystalline laminae, we are sustained in our inference by an appeal

to the whole succession of the mineral deposits of the north of

Scotland. For we have shown that these successive deposits are so

knit together by transition and conformable superposition, that it is

quite impossible to exclude from the series those of its members
which still exhibit not only a mechanical origin, but also contain

organic remains. From our old acquaintance with the late Mr. D.

Sharpe, we are convinced, that if, instead of making one rapid survey

only, in whicb, full of a new theory, he naturally applied it, with

his well-known energy, he had year after year examined these

Highland rocks, he would have seen the impossibility of excluding

(as he did) the greater part of the quartz-rock of Scotland from

the crystalline series, merely, as he says, because it is " an altered

sandstone of which the mineral character has been changed by plu-

tonic action." He would, we doubt not, on a more careful survey,

have seen that this very rock and its associated limestones are in-

tegral and even lower parts of a large portion of that same crystalline

sei'ies ; and then he would have admitted, that, as these pure quartz-

rocks (evidently nothing but altered sandstones, and in which Anne-
lides and an Orthoccratite have been found) graduate into micaceous

quartz-rocks, mica-schists, and gneissose rocks, they could not be

divided geologically into two separate classes, but form truly one

great series, varying in its mineralogical characters as well as in the

extent and form of its metarnorphism.

The views which we entertain have been indeed, to a great extent,

sanctioned by the examination of the older rocks of the Highland
border by a very close and accurate observer of structure. Di-

stinctly objecting to the general application of the term foliation, Mr.
Sorby has shown that one of the structures of metamorpbie rocks
" has every character that would be the result of stratification, even

in some cases including the current structures *."

Again, the same author, in his notice of the microscopical nature

of mica-schist, has demonstrated, that in one class of these rocks the

flakes of mica lie in the plane of the alternating layers of different

mineral composition, whilst in the other class the flakes of mica

traverse the original Hues of bedding like slaty cleavage. He there-

fore proposes the tonus " stratification-foliation " and " cleavage

-

* Kepprt Brit. Assoc. Adv. of Science, 1855, Trans, of Sections, p. 96.
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foliation." The latter structure is partially to be seen in the schistose

rocks on the coast to the south of Aberdeen, which are highly meta-

morphosed, and have never been examined by us ; but we have to

thank Mr. Sorby for the pertinent induction respecting them, " that

the peculiarities in the rocks having £ cleavage-foliation ' cannot be

explained except by supposing that they have been metamorphosed

stratified rocks," adding " that the cleavage-foliation is the effect of

previously existing cleavage, and not that slaty cleavage is a partially

developed foliation*."

In dissenting from the views of Mr. Sharpe on this one essential

point, we must add, that there are many passages in his memoir
with which we entirely coincide. Thus, nothing is more true than

his declaration, that the geographical separation between gneiss and

mica-schist and chloritic schist throughout the north of Scotland, as

laid down by Macculloch, has been drawn too arbitrarily. "We fully

admit, and have shown, that many of the strata so defined by that

author have " the same geological relations." But when Mr. Sharpe

applied to their internal divisions the term "foliation," and, separating

it entirely from stratification, contended that such foliation is the

ultimate term of the same action which produced slaty cleavage, we
are completely at issue with him.

Whether we admit, with Phillips f, Sharpe j, Sorby §, Tyndall||,

and others, that the parallel cleavage of rocks Avas produced by
mechanical lateral pressure of the strata, or, following the original

speculation of Sedgwick, conceive that it was the result of crystalline

and polar forces, it is quite obvious throughout the Highlands of

Scotland, that this action was not the same as the modus operandi,

whatever it was, which changed the original layers of sand, mud,
and lime into crystalline laminae.

In short, as the one set of planes traverses the other, and as the

straight lines of parallel slaty cleavage (wherever they occur) are

strikingly distinguished from the convoluted and twisted layers of

different colour and composition, we are at a loss to imagine how
these two results could ever have been referred to different degrees

of intensity of one and the same cause.

As we have already dilated on the true cleavage as affecting the

slaty rocks of May, Easdale, and the adjacent tracts of Argyll and
Ballyhulish, &c, it will be remembered that in rare instances only

does this feature coincide with the layers of deposit, any more than
in Wales and other slaty tracts. Even along the Highland border,

where Mr. Sharpe says that the foliation of the mica-schist and the

cleavage of the slate " are both vertical along lines so closely corre-

sponding that they may be considered continuous," we found in

the slate-quarries of Dunkeld that there was a clear and manifest

* Report Brit. Assoc. Adv. of Science, 1850, Trans, of Sections, p. 78.

f See Report Brit. Assoc. Adv. of Science, 1843, Trans. Sect. p. 60 ; and 1857,

p. 386, &c.

\ Quart. Joum. Geol. Soc. vol. iii. p. 74; vol. v. p. 111.

§ Edinb. New Phil. Joum. 1853, vol. lv. p. 137 ; Phil. Mag. 1856, xii. p. 127.

| Notices Royal Institution, June 6, 1856.
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distinction between tbe planes of cleavage and the lines of deposit*

as marked by tbe colour of tbe slates. But tbe parallelism of tbe

mica-scbist (a sandy quartzose micaceous rock) to the clay-slate

which succeeds, and to which Mr. Sharpe applies bis remarks, is

indeed one of the phenomena on which we have been all along in-

sisting,—viz. that these different mineral masses of the Highlands
succeed to each other regularly, and are fairty linked together, so as

to form one great series.

In truth, if the observer follows any one mineral stratified mass
Upon the strike of the beds, he will often find that what at one ex-

tremity of it was highly crystalline is at the other much more earthy

and unaltered. Again, if he examines many of tbe quartzose, schistose,

and calcareous masses, he cannot fail to observe the essential cha-

racters of ordinary stratified sediments, such as way-boards dividing

different mineral substances, wavy surfaces, joints, and all the con-

comitant appearances, including occasional gritty and even pebbly
layers.

In Mr. Sharpe's mapt there is one dominant feature which agrees

with our observations. He gives to the gneiss of the Lewis and
the western coasts of Sutherland and Ross a true north-westerly

and south-easterly strike, and thus exhibits it at right angles to the

strike of nearly all the other crystalbne rocks of tbe mainland. But,

never having observed tbe true order of superposition of the different

mineral masses in the north-west, which is the foundation of all our

induction, be follows Maccullocb and unites all these crystalbne rocks

in one gneissose and micaceous series, and treats all our lines of

stratification (and as such they were viewed by Hutton and also by
Maccullocb) as lines of " foliation." In fact, these so-called lines of

fobation, and the transverse sections of them which Mr. Sharpe exhi-

bits, may serve in a broad sense to represent our lines of stratification.

In his generalized and theoretical diagrams also, bis arches corre-

spond in a general way with the bnes of anticlinal axes ; with this

difference, however, that he does not insert, as the complement of

anticbnes, lines of syncbnal troughs J, which, as we have shown in the

previous memoir, do really exist. He has, moreover, omitted alto-

gether the bands of limestone, which are of such importance in demon-
strating the coincidence of stratification-planes and bnes of fobation,

and in working out tbe geological structure of the Scottish Highlands.

No better illustration, indeed, of our own "views can be given than

by referring to Mr. Sharpe's own sections. First let us take bis

general sections, figs. 1 and 2, which in a traverse of ninety miles

across Scotland exhibit at least five great anticlinals, and all his lines

of fobation would be our bnes of deposit. Next, in fig. 3, the mica-

schist of Ben Lomond (chloritic schist, by tbe by, in great part) is

represented as a " fobated" rock dipping to tbe S.S.E., whilst we

* Mr. Sharpe's sections indeed prove this ; for the lines of cleavage in his fig. 1

traverse the lines of foliation, which latter are, according to our views, indications

of the layers of deposition.

t Phil. Trans. 1852. plate 24.

J Unless his "fan-shaped" foliation represents the synclinals.
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affirm that it is most clearly a depositary rock, the lines of original

bedding of which coincide with the lines of ruetamorphism, since,

besides the alternation of variously coloured schistose layers, there

is really an intercalated bed of white quartzose and rounded pebbles,

thus clearly proving the whole to have been originally a mechanically

formed deposit. And, again, this one section in itself demonstrates

the utter disconnexion between such true stratification-planes and
cleavage ; for in advancing to the S.E. into the overlying deposit of

clay-slate, its layers {folia of Sharpe) are found to be traversed by a

real slaty cleavage of which there is not a trace in Ben Lomond.
In fig. 4, where the section crosses Loch Tay, and where the dark

schists have no cleavage, Mr. Sharpe omits the great feature of the

case, the presence of those regularly bedded limestones which dip

under Ben Lawers : and, if he had taken time to examine the internal

structure of the country further to the he would have found

other limestones reappearing together Avith the inferior quartz-rock

beyond Glen Lyon, in the Loch and Moor of Rannoch, thus forming

the other side of a great trough.

His section across Glen Shee (fig. 5) is another indication of those

undulations of the upper schistose strata which we have observed.

In that tract we have already demonstrated that the contortions of

the original strata of black carbonaceous schist are traversed by lines

of parallel slaty cleavage*, thus showing even in a hand-specimen
the complete independence of cleavage from those lines in the cry-

stalline rocks which are true lines of bedding and are wholly uncon-
nected with slaty cleavage.

When Mr. Sharpe affirms that the contortions of gneiss and mica-
schist " are far more complex than are ever found in the most dis-

turbed strata, and are such as could only be produced in matter in

at least a state of semi-fluidity," we refer the reader to the intensely

curved Carboniferous strata in Bride Bay, Devonshire, or to the num-
berless contortions of the Devonian rocks of the Rhine. In the

Silurian schists of the Lammermiiir Hills, and numberless " grau-

wacke" rocks in other tracts, both abroad and at home, multitudes

of similar rapid foliations have also been effected after the strata had
been accumulated, and probably before they underwent that change

by which they have passed into a highly crystalline state.

Again, in tracing the folds of the different mineral masses through
the north of Scotland and in laying them down on maps, we have
convinced ourselves that the strata so reappear on various parallels

and so exhibit repetitions of the same geological relations to each

other, i. e. the quartz-rock and limestone occupying one zone, and
the mica-schists, the quasi-gneiss, and clay-slates another, that the

effort made by Mr. Sharpe to unite them in one crystalline mass,

which had been thrown into arches through the process of " foliation,"

is, we conceive, antagonistic to the true principles of geological in-

ductive reasoning.

Looking at these different mineral masses, whether as they succeed

to each other, or as they often gradually change their lithological

* Indicated also in Mr. Sharpe's fig. 5.
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character in their lateral extension, as well as in their succession

from quartz-rocks into mica-slates and vice versa, and seeing that in

some of their members they contain Silurian fossils, Ave have natu-

rally come to the conclusion, that on the whole the crystalline strati-

fied rocks of the Highlands are simply the metamorphosed equivalents

of the Silurian grauwacke of the Southern Scottish counties, in which
there is quite a large enough area of varied mineral matter to account

for the greater part of such stratified crystalline rocks, particularly

when we reflect on the enormous masses of granite, porphyry, and
syenite which prevail in the North.

In conclusion, we express our belief that the so-called " foliation
"

of the Highland rocks is, on the whole, nothing more than such an
alteration of the original deposits as caused the siliceous, felspathic,

and micaceous ingredients to form separate layers, as seen in some
instances, though in others they are intermixed in the same layer,

and in some parts are simply altered sandstones and limestones with

organic remains. In certain cases, like those pointed out by Mr. Sorby,

there may doubtless be cleavage-foliations in the mica-schist, but

these are clearly exceptions to the general rule.

Although we cannot here enter upon the great problem of how
such changes in the character of the strata have been brought about,

yet, looking to those researches in this line which have already been

made (by M. Bischoff, M. Daubree, M. Delesse, M. Deville, Mr. Sterry

Hunt, and others), we confidently anticipate that the experiments of

the chemical geologist will ere long solve the mystery, and in doing

so we trust that they will confirm the conclusions at which we have

arrived by a survey of the phenomena in the field.
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. Nouveaux Memoires de la Societe Imperiale des Naturalistes

de Moscou. Vol. xi. 1859. Vol. xii. 1860.

. . Vol. xiii. Livr. 1. 1860.

J. Auerbacb imd H. Trautscbold.—Ueber die Koblen von Central-

Russland, 1 (map and 2 plates).

Munich. Gelehrte Anzeigen. Vol. xlix.

A. Wagner.—Monograpbie der fossilen Fiscbe des litbograpbiscben

Scbiefers, 9, 17.

Scberer.—Massanalvtische Bestinrmung von Eisenoxyd durch unter-

sclrwefligsaures Natron, u. s. w., 193.

A. Vogel.—Der Torf, seine Natur imd Bedeutung, noticed, 257.

O. Bucbner.—Die Feuermeteore, noticed, 361.

A. Wagner.—Ueber einige im lithograph. Schiefer neu aufgefundene

Schildki'oten und Saiu-ier, 5u3.

. . Vol. 50.

A. Wagner.—Die Griffelziihner (Stylodontes), 81.

. Ueber das Vorkommen eines fossilen Fisches, im Juradolo-

mite, 102.

. Zur Cbarakteristik der Gattungen Sawopsis und Pachycormm
nebst ihren Verwandten, 209.

Von Kobell.—Ueber eine eigenthiimlicbe Saure, Diansame, in der

Gruppe der Tantal- imd Niobverbindungen, 377.

A. Wagner.—Vergleichimg der mwelthcben Fauna des litbogra-

pbiscben Scbiefers von Cirin mit den gleicbnamigen Ablagerun-

gen im Frankiscben Jura, 390.

. Ueber die Verschiedenheit der Arten von Ichthyosaurus,

412.
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Munich. Sitzungsberichte d. k. bayer. Akad. d. Wissensch. zu Miin-

chen. 1860. Hefte i. ii. iii.

A. Wagner.—Ueber die Arten von Fiscben und Sauriern, welche im
untera wie im obern Lias zugleicb vorkomnien sollen, 36.

. Ueber fossile Fiscbe aus einem neuentdeckten Lager in den

siidbayerischen Tertiargebilden, 52.

C. von Martins.—Denkrede auf J. F. L. Hausmann, 57.

A. Wagner.—Ueber fossile Saugtkierknochen am Cbimborasso,

330.

. Abhandlungen d. matb.-phys. Classe d. k. bayer. Akad. d.

Wissensch. Vol. viii. Part 3. 1860.

A. Vogel.—Ueber die Zusammensetzimg eines Gletscber-scblammes

vom Dachsteine am Hallstadter See, 627.

A. Wagner.—Die fossilen Ueberreste von nackten Dintenfiscben

ans dem litbograpbischen Scbiefer und dem Lias des siiddeutscben

Juragebirges, 749 (plate).

Paris. Bulletin de la Societe Geologique de France. Deux. Ser.

Vol. xvii. Feuil. 13-44. Janvier-Mai 1860.

F. Hochstetter.—Recberches geologiques faites a, Tapaipoumamoa,
lie moyenne de la Nouvelle-Zelande, 193.

C. Puggaard.—Sur les calcaires plutonises des Alpes Apuennes et dvi

Monte Pisano, 199.

J. Guillemin.—Explorations mineralogiques dans la Russie d'Europe,

232 (plate).

E. Dumortier.—Sur quelques fossiles recueillis pres de Dax (Landes),

241.

R. Tbomassy.—Hydrologie du Mississippi, 242.

Marcel de Serres.—Des especes perdues, et des races qui out disparu

des lieux qu'elles babitaient primitivement, depuis ou avant notre

existence, 262.

A. Passy.— Sur la carte geologique de l'Oise, 269.

Ebray et J. Fournet.—Sur la production de Cristaux dans les rocbes

a l'etat subsolide, 275, 277.

Ed. Hebert.—Du terrain jurassique superieur sur les cotes de la

Mancbe, 300.

A. Laugel.—Sur la Geologie du Departement d'Eure-et-Loir, 316.

De Verneuil, Collomb, Triger, et Cotteau.—Sur une partie du pays
Basque Espagnol, suivie d'une description de quelques Ecbino-
dernies, 333 (plate).

G. Cotteau.—Sur le genre Heterociclaris, 378 (plate).

Ad. Cbatin.—Sur l'eau minerale et la rocbe de Saxon en Valais,

381.

Em. Benoit.—Sur les terrains tertiaires entre le Jura et les Alpes,
387 (plate).

De Vibraye.—Sur la decouverte d'un nouveau gisement de vertebres
a, Cbitenay (Loir-et-Cber), 413.

A. Boue.—Statistique metbodique des Societes savantes, &c, 421.
Tb. Ebray.—Sur les depots a oolithes ferrugineuses du Departement

de la Nievre, 422.

Cornuel.—Sur l'etage neocomien du Departement de la Haute-Marne,
425.

s 2
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Paris. Bulletin de la Societe Geologique de France (continued).

Ponzi.—Sur des ossements fossiles trouves dans les travertins pres

de Tivoli et de Monticelli, 431.

G. Bergeron.—Sur la phosphorescence d'une variete de Lapis-Lazuli,

432.

A . Boue\—Sur la symmetric de la surface du globe, et sur l'epaisseur

de la croute terrestre a, differentes epoques geologiques, 433.

De Binkhorst.—Sur les couches cretacees du Limbourg, 459.

Marquis de Vibraye.—Sur les ossements fossiles et une machoire
huniaine trouves dans les grottes d'Arcy-sur-Yonne, 462.

W. Swarsood.—Du Cerium oxyde, 478.

Ch. Lory.—Sui1 un gisement de Nummulites en Maurienne, 481.

J. Beaudouin.—Sur des silex tailles trouves aux environs de Chatillon-

sur-Seine, 488.

Lartet.—Sur des os fossiles portant des empreintes attributes a la

main de l'homme, 492.

J. Gosselet.—Sur des fossiles siluriens trouves dans le Brabant
(Belgique), 495.

Marquis de Raincourt.—Siu' un gisement de la partie superieure des

sables moyens, 499.

V. Baidin.—Sur les Alnryros de la Crete, 504.

Th. Ebray.—Sur la composition geologique du sol des environs de
Macon, 507.

C. de Prado, de Verneuil, et J. Barrande.—Sur l'existence de la

faune primordiale clans la chaine Cantabrique, 516 (3 plates).

E. de Verneuil et Caux.—Sur des ossements fossiles et des silex

tailles trouves dans la sabliere de Precy (Oise), 555.

A. Delesse.—Sur les psendomorphoses, 556.

H. C. Soriy.—De Taction prolongee de la chaleur et de l'eau sur

differentes substances, 568.

H. C. Sorby.—Sui' Tapplication du microscope a 1'etude de la Geologie
physique, 571.

J. Barrande.—Troncature normale ou periodique de la coquille dans
certains Cephalopodes paleozoiques, 573 (plate).

E. Goubert.—Deux echantillons de mame blanche avec Cerites,

trouves a Romainville (Seine), 600.

J. Barrande.—Colonies dans le bassin silurien de la Boheme, 602.

R. Thomassy.—Sur Thydrologie maritime et sur les lignes d'equisa-

lure de l'ocdan Atlantique, 666.

Anca.—Sur la deeouverte en Sicile de deux nouvelles grottes a osse-

ments fossiles, 680, 684 (2 plates).

Th. Ebrav.—Sur le mode de formation des poudingues de Nemours,
693.

. Sur la consequence du principe de surdissolution, 697.

Michel.—Coupe du terrain silurien aux environs de Domfront (Orae).

698.

. Comptes Rendus hebdom. des Seances de l'Acad. des Sciences.

Vol. li. Xos. 5-17. 1860.

. . Tables. Prem. Sem. 1860. Vol. 50.

Voizot.—Considerations sur l'origine de l'univers, tirees de laKote
vii. et derniere de FExposition du ' Systeme du Monde ' de Laplace,

1033.

Sorby.—De Taction prolongee de la chaleur et de Teau sur diverges

substances, 990.
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Paris. Comptes Renclus. Tables. Vol. 50 (continued).

Aulagmer.—Action dissolvante des eaux sur les calculs, 149.

Caillat.—Sur un procede particulier d'application des eaux minerales
usite aux bains d'Hercide en Hongrie, 684.

Jackson.—Decouverte d'un bloc de fer meteorique dans l'Oregon

(Etats-Unis d'Amerique), 105.

R. I. Murchison.—Nouvelle classification des anciennes rocbes du
nord de l'Ecosse, 713.

Fouvnet.—Sur un faille s'etendant de Tile de la Galite a la mine de

Kef-Oum-Tbeboul en Algerie, 902.

. Sur la diffusion d'une matiere organico-minerale, et sur son

role de principe colorant des pierres et des rocbes, 1175.

Elie de Beaumont.—Sur une recrudescence des pbenomenes volca-

niques et des tremblements de terre
;
eruption du volcan de l'ile

de la Reunion ; tremblement de terre a Saint-Domingue, 899.

Pabnieri.—Sur l'etat actuel du Vesuve, 726.

Liais.—Inclinaison des coucbes de rocbes arenacees modernes des

cotes du Bresil, 762.

Beautemps et Miliner.—Fragment de rocbe detacbee du grand banc
de Terre-Neuve, 824.

Anca.—Decouverte en Sicile de deux nouvelles grottes a ossements
fossiles, 1139, 1203.

Guiet.—Sur les dernieres revolutions du globe, 448.

Delesse.—Recbercbes sur les pseudomorpboses, 944.

Marignac.—Sur la fomiule de la zircone, 952.

Cappa.—Analyse cbimique de deux varietes de Cotunnite recueillies

apres 1eruption du Vesuve de 1858, 955.

Damour.—Examen mineralogique et analyse cbimique d'un petrosilex

glanduleux recueilli par M. Elie de Beaumont sur la pente des

Coevrons (Sartbe), 989.

Lartet.—Sur l'anciennete geologique de l'espece bumaine dans
FEurope occidentale, 599, 790.

Gosse.—Sur des silex failles trouves a Paris, 812.

Gaudry.—Sur les plantes fossiles de l'Eubee, 1093.

A. Sismonda.—Sur un nouveau gisement de fossiles jurassiques des

Alpes, 1190.

Seccbi.—Sur le tremblement de terre qui le 22 aout a detruit la ville

de Norcia, 377.

Prost.—Sur les trepidations du sol dans une partie de la ville de
Nice, 596.

Durocber.—Sur l'orographie et la geologie de l'Amerique centrale,

1170.

A. Vezian.—Sur les systemes de la Margeride et des Vosges, re-

spectivement perpendiculaires a, ceux du Hundsruck et des
Ballons, 89.

. Sur les mouvements generaux de l'ecorce terrestre, 814.

Omboni.—Sur les terrains sedimentaires de la Lombardie,
Lorry et Pillet.—Sur la presence de Nummulites dans certains gres

de la Maurienne et des Hautes-Alpes, 187.
Mene.—Sur certains scbistes calcaires des montagnes du Bugey,

445.

Simonin.—Sur les gisements auriferes de la Californie, 389.
Scipion Gras.—Sur l'opposition que l'on observe souvent dans les

Alpes entre l'ordre stratigrapbique des coucbes et leurs caracteres
paleontologiques, 754.

Marcel de Serres.—Sur les depots recents des cotes du Bresil, 907.
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Paris. Comptes Rendus. Tables. Vol. 50 (continued).

Marcel de Serres.—Coprolites des terrains tertiaires Eocenes des en-

virons d'Issel (Aude), 1086.

•. Sur la classification des metanx d'Hauy, 167.

. Nouvel ordre a, etablir parmi les substances metalliques, 324.

. Comptes Rendus hebdom. des Seances de l'Acad. des Sciences.

Vol. xli. Nos. 18-22. 1860.

. Memoires de l'Acad. des Sciences de l'lnstitnt Imperial de

France. Vol. xxx. 1860.

Photographic Society. Journal. Nos. 103, 104.

Rio de Janeiro. Revista Brazileira. Jornal de Sciencias, Lettras

e Artes, dirigido por Candido Baptista de Oliveira. Numero 4.

Jan. 1859. From Sir O. Lycll, V.P.O.S.

C. B. de Oliveira.—Memoria sobre as condicoes geologicas do porto

do Rio de Janeiro, 57 (map).

F. L. C. Burlarnaque.—Noticia acerca de alguns mineraes e roclias

de varias provincias do Brazil, recebidos in Museo Nacional du-
rante o anno de 1855, 73 (plate).

. . No. 6. Setemb. 1859.

Boussingault.—Da terra vegetal considerada em sens effeitos, 369.

Royal Institution of Great Britain. List of Fellows, &c. 1860.

. Additions to the Library. From July 1859 to July 1860.

. Notices of the Proceedings. Part 10. Nov. 1858-July

1860.

F. Field.—The Mineral Treasures of the Andes, 190.

T. EL Huxley.—Species and Races, 195.

N. S. Maskelyne.—Diamonds, 229.

W. Pengelly.—Devonian Fossils, 263.

Royal Geographical Society. Proceedings. Vol. iv. No. 5.

Royal Society. Proceedings. Vol. x. No. 41.

J. H. Pratt.—Curvature of the Indian Arc, 648.

St. Petersburg. Bulletin de 1' Acad. Imp. des Sc. de St.-Petersbourg.

Vol. ii. Nos. 1-3. 1S60.

K. E. Bauer.—Sur une loi generale de la formation du lit des rivieres,

1, 218.

A. de Middendorft.—L'ile d'Anikief dans la mer Glaciale, pres de
Kola, 152.

C. Claus.—Sur les metanx qui accompagnent le platine, 158.

J. F. Brandt.—Sur un squelette de Mastodon, trouve* pies de Niko-
lai^ 193.
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St. Petersburg. Mem. de l'Acad. Imp. des Sc. de St.-Petersbourg.

6rae Serie. Sc. Math., Phys. et Nat., Vol. ix. Prem. Part. Sc. Math,
et Phys., Vol. vii. 1859.

H. Abich.—Vergleichende chemische Untersuchungen der Wasser
des Caspischen Meeres, Urmia- und Van-See's, 1 (2 plates).

. Ueber das Steinsalz und seine geologische Stellung im rus-

siscben Armenien, 59 (11 plates).

A. v. Koksckarow.—Ueber den russiscben Phenakit, 175.

G. v. Helmersen.—Geognostiche Bemerkungen auf einer Reise in

Scbweden und Norwegen, 293 (3 plates).

H. Abick.—Vergleichende Grundziige der Geologie des Kaukasus,
wie der armeniscken und nordpersiscken Gebirge, 359 (8 plates).

. Beitrage zur Palaontologie des asiatischen Russlands, 535

(8 plates).

-—-. . Vol. x. Sec. Part. Sc. Nat., Vol. viii. 1859.

. . 7me Serie. Vol. ii. Nos. 4-7. 1860.

N. v. Koksckarow.—Anbang zu der Abbandlung u iiber die russi-

scben Topase."
M. v. Griinewaldt.—Beitrage zur Kenntniss der sedimentaren Ge-

birgsforrnationen in den Berghauptmannschaffcen Jekatherinburg,

Slatoust und Kuschwa (6 plates).

Society of Arts. Journal. Vol. viii. Nos. 415-423.

G. R. Bumell.—Preservation of Stone, 830.

Consular Information, 77, 90.

Stockholm. Kongl. Svenska Vet.-Akad. Maj 1860. Beskyddare
hans maj. t konungeu. Forste heders-ledamoter, &c.

. Kong. Svenska Vet.-Akad. Handlingar. Ny Foljcl. Andra
Bandet. Andra Haftet. 1858.

. Ofversigt af Kongl. Vetenskaps-Akad. Porhandlingar. Sex-

tonde Argangen. 1859.

Hultmark.—Cbrysotil och Serpentin fran Sala, 282.

Igelstrom.—Stilpnomelan och Pektolit i Sverige, 399.

Liljeborg.—Fynd af fossilt Hvalskelett, 327.

Nordenskiold.—Gadolinitens kristallform, 287.

Nylander.—Qvicksilfer-cjranid-dubbelsalter, 281.

Turin. Memorie della Reale Accademia delle Scienze di Torino.

Serie Seconda. Vol. xviii. 1859.

M. Levi.—Sopra ima nuova lega cristallizzata di Nicbelio e Ferro,

lviii.

E. Sismonda.—Prodrome d'une Flore tertiaire du Piemont, 519.
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II. PERIODICALS PURCHASED EOR THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Vol. vi.

Nos. 35 and 36. Nov. and Dec. 1860.

W. K. Parker and T. R. Jones.—Nomenclature of the Foraniinifera

Denys de Montfort's Species, 337.

A. Gray.—The Origin of Species, 373.

R. Damon's 'Handbook to the Geology ofWeymouth and Portland/
noticed, 436.

G. C. Wallich.—Deep-sea Soundings in the North Atlantic, 457.

Leonhard unci Bronn's Neues Jahrbuch fur Min., Geol. u. s. w.
'

Jahrgang 1860. Fiinftes Heft.

Schlonbach.—Das Bone-bed imd seine Lage gegen den sogen. obern
Keupersandstein im Hannoverschen, 513 (plate).

F. Scharff.—Ueber die milchige Triibung auf der Endflache des

sauligen Kalkspaths, 535 (2 plates).

Letters : Notices of Books, Minerals, Geology, and Fossils.

Archiac, A. d'. Notice sur la vie et les travaux de P.-A. Dufrenoy.

From Sir R. I. Murchison, V.P.G.S. 1860.

Berger, H. A. C. Die Yersteinerangen der Fische und Pflanzen im
Sandsteine der Coburger Gegend. 1832. From Sir C. LyelJ,

v.p.g.s.

. Die Versteinerungen des Schaumkalks am Thiiringer Wald.
1860. From Sir G. Lyell, V.P.G.S.

. Die Versteinerungen im Roth von Hildburghausen. 1859.

From Sir G. Lyell, V.P.G.S.

Bland, T. Remarks on certain species of North American Helicidce,

with descriptions of new species. 1860.

Boucpiet. Nouvelle analyse de l'eau de la source de Saint-Yorre,

Bassin de Tichy. 1860.

Brandt, J. F., und G. v. Hehnersen. Yorschlag zur Anstellung

palaontologischer Nachgrabungen im sudliehen Russland. 1860.

Carpenter, W. B. Researches on the Foraniinifera. Part III.

On the Genera Peneroplis, Opercidina , and Amphistegina. 1858.

III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.
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Clarke, W. B. Researches in the Southern Gold-fields of New
South "Wales. 1860.

Cooke, J. P. Crystalline Form not necessarily an indication of

definite chemical composition ; or on the possible variation of con-

stitution in a mineral species independent of the phenomena of

Isomorphism. 1860. From Sir C. Lyell, V.P.G.S.

Daubree, A. Etudes et experiences synthetiques sur le Metamor-
phisme et sur la Formation des roches cristallines. 1860.

Dawson, J. W. Notes on the Earthquake of October 1860. 1860.

. Supplementary Chapter to " Acadian Geology." 1860.

Deville, C. Ste.-C. Lettre a M. Dumas sur quelques produits d'ema-

nations de la Sicile. 1855. From Sir G. Lyell, V.P.G.S.

. Lettres a M. E. de Beaumont sur 1'eruption du Vesuve du
_1« Mai 1855. 1855. From Sir G. Lyell, V.P.G.S.

—— . Lettres a M. E. de Beaumont sur les phenomenes eruptifs du
Vesuve et de PXtalie meridionale. 1856. From Sir C. Lyell,

V.P.G.S.

et E. Leblanc. Memoire sur la composition chimique des

Gaz rejetes par les events volcaniques de l'ltalie meridionale.

1859. From Sir G. Lyell, V.P.G.S.

Evans, J. On the Flint flakes and implements from Eeigate. 1860.

Falconer, H., and H. "Walker. Descriptive Catalogue of the Fossil

Remains of Yertebrata from the Sewalik Hills, the Nerbudda,

Perim Island, &c, in the Museum of the Asiatic Society of Bengal.

1860. From the Asiatic Society of Bengal.

Geinitz, H. B. Der Gebirgsbau Sachsens und sein Einfluss auf das

Studium der Naturwissenschaften in Dresden. 1860.

Geological Survey of Canada. Eeport of Progress for the year 1858.

1859. From the Geological Survey of Canada.

Halloy, J. J. d'O. cl\ Notice biographique sur Alexandre Bron-

gniart. 1860. From Sir R. I. Murchison, V.P.G.S.

Helmersen, G. v. Beschreibung einiger Massen gediegenen Kupfers,

die aus russischen Bergwerken herstammen, unci in dem Museum
des Berginstituts zu St. Petersburg aufbewahrt werden. 1859.

Jeffreys, J. G. Sni Testacei Marini delle Coste del Piemonte. Tra-

duzione, con note ed un catalogo speeiale per il Golfo della Spezia,

del Prof. G. Capellini. 1860. From Sir G. Lyell, V.P.G.S.

Jones, T.R., and W.K.Parker. On some Fossil Foraminifera from

ChellaBton, near Derby. 1860.
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Koettig, R. F. Geschichtliche, teehnische und statistisehe Notizen

iiber den Steinkohleii-Bergbau Sachsens. 1861. From Prof. Dr.

Geinitz, For.M.G.S.

Kongliga Svenska fregatten Eugenies Resa omkring Jorden, under

Befal af C. A. Virgin, aren 1851-53. Zoologi, IY. 1859. From
the Royal Academy of Stockholm.

Lane, G. B. Railway-communication in London, and the Thames
Embankment. 1860.

Lieber, 0. M. Report on the Survey of South Carolina
;
being the

Fourth Annual Report, &c. 1860*. From Sir G. Lyell, V.F.G.S.

Martins, G.F.P. v. Denkrede auf Alexander von Humboldt. 1860.

Mi'dler, M. J. Einleitende Worte zur Feier des Allerhochsten Ge-
burtsfestes Sr. Majestat des Konigs Maximilian II. 1859.

Nisser, P. On the Elementary Substances originating and promoting
Civilization through the World. 1860. From Sir C. Lyell, V.P.G.S.

Parker, W. K., and T. R. Jones. On the Nomenclature of the Fora-

minifera. Part 5. The Species enumerated by De Montfort. I860.

Passy, A. Notice biographique sur M. Louis Graves. I860! From
Sir R. I. Murchison, V.P.G.S.

Phillies, John. Life on the Earth, its Origin and Succession. 1860.

Puggaard, C. Memoire sur les calcaires plutonises des Alpes Apu-
ennes et du Monte Pisano. 1860. From Sir R. I. Murchison,

V.P.G.S.

. Notice sur les calcaires plutonises de la peninsule de Sorrento.

1859. From Sir R. I. Murchison, V.P.G.S.

Reeve, L. Elements of Conchology. Parts 15 & 16 (in one). 1859.

Rentzseh. Die Pechsteine des Meissner Porphyr-Districts. Einla-

dungsprogramm zu den offentlichen Priifungen an der I. Realsehule

zu Neustadt-Dresden. 1860.

Scharff,F. Leber die milchige Triibung auf derEndflache des sau-

ligen Kalkspaths. 1860.

. Werner imd R. Delisle in Zusammenstellung mitHaiiy. 1859.

Sorby, H. C. De Taction prolongee de la chaleur et de l'eau .sur

differentes substances. 1860.

Wallich, G. C. Notes on the presence of Animal Life at vast depths

in the Sea, with observations on the nature of the sea-bed, as

hearing upon Submarine Telegraphy. 1860.
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J. Frederick Davis, Esq., "Walker Iron-works, Newcastle-upon-
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Henry Porter, M.D.,
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The following communications were read :

—
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I. Murchison, V.P.G.S., F.R.S., &c, and A. Geikie, F.G.S.,

F.R.S.E., &c.

[See above, page 232.]
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On the Bocks of Portions of the Highlands of Scotland South

of the Caledonian Canal ; and on their Equivalents in the North

of Ireland. By B. Harkness, P.B.S., F.G.S., Professor of

Geology in Queen's College, Cork.

Contents.

§ 1. Introduction.

§ 2. Section from Callender to Loch
Earn.

§ 3. Section from Loch Earn to Loch
Tay.

§ 4. Section from Loch Tay to Glen
Lyon.

§ 5. Section from Dunkeld to Blair

Athol.

§ 6. Sections from the south side of

Ben-y-Gloe Mountains and
Strath Ardle.

| 7. Sections N.W. of the great zone
of quartz-rocks and limestones.

Section from Glen Lyon to Loch
Treig.

§ 8. Section from King's House
through Glencoe to Baliahu-
lish.

§ 9. Section across the peninsula of

Ardsheal from Benivair.

§ 10. Metamorphic rocks of the County
of Donegal, and section of the

east side of Lough Foyle.

§ 1. Introduction.—The recent labours of Sir Boderick Murchison

in the N.W. Highlands of Scotland have so greatly increased our

knowledge of this portion of Great Britain, as to place the age and
arrangement of the rocks in this country in an entirely new aspect.

The result of these investigations has been made known so lately *

that it must be visibly impressed on the mind of every geologist,

and consequently will require no special reference to be made
thereto. In the memoirs in which these labotu's have been de-

tailed, there is a " hypothetical view " expressed concerning the

mass of metamorphic rocks which constitute the great bulk of the

Scottish Highlands ; and in this hypothetical view these rocks are

looked upon as the equivalents of the " upper gneiss " found re-

posing upon the quartz-rocks and limestones of Assynt and Dur-
ness, and which occupies so large a portion of the north of Scot-

land.

Having had an opportunity of examining the deposits of Suther-

land so amply described by Sir Boderick Murchison, and cor-

roborating the results of his labours in the N.W. Highlands, I have

felt myself in a position which has enabled me to extend to a more
southern parallel investigations concerning the great area of Scot-

tish metamorphic rocks, and, as will be seen in the sequel, from

observations made last summer in many parts of the Highlands,

and also in the north of Ireland, have arrived at the same con-

clusions as are expressed in the hypothetical views already re-

ferred to.

Before proceeding to detail the results of these observations, it is

necessary to say something concerning the nature of the rocky

masses which abound in the more southern part of the Highlands,

more especially as these are laid down in the geological maps of

this district. Certain rocks, to which the term metamorphic is

usually applied, have had assigned to them somewhat definite areas

* See Quart. Journ. Geol. Soc, vol. xvii. p. 232 &c. as well as other previously

published memoirs.
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in the Highlands ; and these rocks, generally designated gneiss,

mica-slate, chlorite-slate, and clay-slate, have been looked upon as

possessing a distinct arrangement as to superposition to each other.

From what I have seen in the several areas which have been under

my examination, it appears to me that these rocks, with names ex-

pressing lithological nature, have no definite relation as concerns

geological position, although in some small areas this seems to be

the case. Looking at these metamorphic rocks with -reference to

general results, I have arrived at the conclusion that, in whatever

mineral condition they present themselves, this mineral condition

is a purely local character, and that, in the same geological zone,

in one spot we have clay-slate, in another chlorite-slate, in a

third mica-slate, and in a fourth gneiss. These several rocks are

altered deposits of varying shales and sandstones which were de-

posited during the same period in different portions of the older

Silurian seas. These metamorphic rocks, to which I apply the

general term " gneissose," although the word is in many instances a

bad one, are spread over too great an extent in the geological maps
of Scotland ; and they are frequently represented as occupying large

areas, over which granite or some other form of plutonic rock

really prevails. And, although rocks of the latter nature seem to

be so amply developed in the Highlands, great injustice is in many
instances done to ix>cks of this description in the geological maps of

Scotland.

With reference to the mode of arrangement of the other strata

which are associated with the gneissose rocks (viz. the quartz-rocks

and limestones), it has generally been assumed that these latter

occupy a higher position than the former. This inference I have
reason to conclude is not the result of observation, but has ori-

ginated from the Wernerian theory and classification of rocks,—the

more crystalline gneissose rocks having been looked upon as primi-
tive, while the less crystalline and more distinctly stratified quai'tz-

rocks and limestones were regarded as transition. This idea appears

to have prevailed in the mind of Macculloch ; and this order, in the

arrangement of the stratified masses of the Highlands propounded
by him, has been to a great extent adopted by geologists without
inquiring into the basis on which it rests.

The principles which actuated Macculloch in his classification of

the Highland rocks may be ascertained by referring to his memoir
" on Quartz-rock," where, after quoting Playfair with reference to

the structure of Schihallien, he goes on to say, " If this ridge is

connected by any system of alternation with the sandstone of Glen
Lyon, mica-slate will appear to be a rock formed posteriorly to, or

alternately with, a rock of recomposed structure. Thus a primitive

will be found to alternate with a transition one,—an anomaly which
either renders this distinction as useless as it is artificial, or compels

us to modify the definition of transition rocks or to form that total

change of arrangement which I have more than once suggested with
regard to primitive and transition classes*."

* Geol. Trans., vol. ii. p. 470.

T 2.
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Again, in the same memoir, with reference to Jura, alluding to

the gheissose rocks, he states that these are " apparently super-

imposed on the quartz-rock* ;" and yet, after using the word appa-
rently as though this was not the true position, he goes on (at p. 456)
to quote Prof. Jamieson, who says that " quartz-rock rises at an
angle of 45° from under micaceous schists."

The same idea as to primitive and transition seems to have been
the leading feature in his mind with relation to arrangement when
he visited Glen Tilt ; and yet, when he comes to describe definitely

the sequence of rocks here, we generally find that his statements

are hostile to his preconceived ideas.

These general observations will serve as a prelude to what I

have to add to the geology of portions of the Highlands lying south

of the Caledonian Canal ; and, as these observations have reference

to purely physical geology, I shall proceed to describe the several

sections, and afterwards the general results obtained therefrom.

Fig. 1.

—

Section from Callender to Loch Earn. Distance 9 miles.

'' Callender. Woodhead. Anneehaugh. Ardchullarie. Kuskin Burn.

e a oc d d d c . d

e. Old Red Sandstone. d. Gneiss. c. Limestone. b. Shale.

a. Quartz-rock. # Trap-rocks.

§ 2. Section from CaUender to Loch Earn (fig. 1).—In the imme-
diate neighbourhood of Callender, deposits belonging to the Old Ked
Sandstone series are extensively developed. At the distance of

about a mile and a half to the N.W. of the village, the great

line of fracture separating the rocks of this age from the meta-

morphic strata of the Grampians is seen. In Leny Glen the point of

contact between the rocks appertaining to these different series is ex-

hibited, the rocks of the Old Red series appearing in the form of

conglomerates
;
immediately on the N.*W. of them, above the line

of fault, quartz -rocks, referable to the older deposits, occur; and

upon the small development of the quartz-rocks here seen, black

shales are found reposing conformably. These quartz-rocks and

black shales dip towards the N.N.W. On leaving this glen and

continuing the section on its rise, we have, at Leny lime-quarry,

the same black shales manifested, dipping N.N.W. at 35°, and

possessing an anthracitic aspect, which allies them in lithological

nature with the anthracitic shales of the Lower Silurians of the

South of Scotland. In these black shales, which from their nature

might have afforded abundance of Graptolites, no fossils were ob-

tained. Resting conformably on these shales, a thin layer of lime-

stone is seen, of a dark grey colour, regularly bedded, but contorted,

and abounding in white veins of carbonate of lime. This limestone,

which also afforded no fossils, and which has a thickness of about

eight feet, is succeeded by grey clay-slate, in some instances wear
* Geol. Trans., vol. ii. p. 454.
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thering t'o a purple colour, and with gneissose layers intercalated

in it. This latter mass is conformable to the limestone
;
and, pass-

ing upwards into regular mica-slate, it forms the hills which lie

N.W. of Leny lime-quarry. On the road from Callender to Loch
Lubnaig, at Woodend, about half a mile from Kilmahog toll-bar,

quartz-rocka, similar to those of Leny Glen and having the same
inclinations, appear. The succeeding black shales and limestones

are not seen, being masked by debris, but the overlying purple

shales occur, passing into gneissose rocks ; and these are intersected

by a trap-dyke, termed locally " Blue Whin," at Woodhead Quarry.

The arrangement of the rocks forming a portion of the southern

boundary of the metamorphic masses of the Highlands, as seen in

the neighbourhood of Callender, is exhibited in fig. 1, and is as fol-

lows :—First and lowest, quartz-rock, a small portion only of which
is exhibited

;
second, black shales

;
third, thin grey limestones

;

and fourth, clay-slates (shales) passing into gneissose rocks.

Beyond the Woodhead whin-quarry we have a considerable

development of that form of metamorphic rock to which the name
chloritic schist has been applied, but of which the term " chloritic

gneiss of a fine grain " more fully expresses its nature ; and this

rock continues with the same N.W. dip to Anneehaugh, about three

miles from Callender, where it is intersected by another trap-dyke

containing red nodules. North of this dyke the same chloritic gneiss

is seen dipping in the same direction, but at angles varying from
40° and upwards, until we reach Ardchullarie, where another trap-

dyke makes its appearance ; and to this the name " Black Whin " is

applied. These trap-dykes produce very little effect on the dip of

the metamorphic rocks. After leaving Ardchullarie, we find that

northward the strata become much disturbed, and show a dispo-

sition to assume S.E. dips. At Creggan, about half a mile north of

Strathire village, this S.E. dip is very apparent. At Buskin Burn
another trap-dyke occurs, and also a vein-like mass of limestone

very thinly overlain by gneiss, the latter dipping N.E. There is a

considerable amount of disturbance in the strata here, and northwards
this disturbance also prevails. This mass of gneissose rocks occur-

ring in the area between the hills of Leny and Loch Earn, and
which possesses a great thickness, overlies the limestones of the

southern margin of the Grampians
;
and, notwithstanding its flexures

and contortions, clearly arranges itself as a synclinal axis in the

neighbourhood of Strathire village, from underneath which we have
limestones making their appearance at Leny on the S.S.E., and at

Buskin Burn on the N.N.W. The mode of arrangement of the

rocks in this interval is shown in fig. 1.

§ 3. Section from Loch Earn to Loch Tay (fig. 2).—At the N.W.
end of Loch Earn, at Dall, a considerable mass of limestone, having
somewhat of a gneissose aspect, and exhibiting itself in great thick-

ness, is seen. This limestone at this locality is nearly horizontal

;

but at the east side of the quarry, where it has been wrought, it

inclines at a low angle towards the E.S.E., and is succeeded by
chloritic gneiss. Near the seventh milestone from Iullin, at Loch
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Earn head, this same gneiss also makes its appearance, dipping in

the same direction at an angle of 20° ; and at the bridge, about a

mile north of Loch Earn head, a hard trap occurs, from which the

Eig. 2.

—

Section from Loch Earn to Loch Tay. Distance 6 miles,
s. N.

Dall. Glen Ogle. Larigellie Loch. Dochart River.

Limestone * Trap-rocks.

metamorphic strata seem to derive the E.S.E. inclination. On the

north side of this mass of trap, which is much intersected by quartz-

veins, a reversed dip is seen and N.W. inclinations obtain.

Along Glen Ogle, the gneiss, which is micaceous, is only slightly

inclined, and has quartz-veins running along the lines of stratifi-

cation. At Larigellie Loch, a small lake near the water-shed of

Glen Ogle, the E.S.E. dips become most prevalent; and these con-

tinue to the shepherd's cottage, where limestone again occurs,

dipping at an angle of about 40° E.S.E. This limestone is seen along

the course of the Larigellie Burn, where it becomes flattened ; and

at the bridge, where the high road crosses this stream, about a mile

and a half from Killin, another mass of trap makes its appearance.

In the arrangement of the strata in the section between Loch Earn
and Loch Tay, we have a mass of limestone near Loch Earn which

underlies the gneissose rocks, and near Loch Tay gneissose rocks

are seen, superimposed also in limestone. This limestone, as seen

in the Larigellie Burn, seems to form a rounded anticlinal; for,

immediately on its north side, we have gneissose rocks amply deve-

loped in the Biver Dochart, and these dip N.W. at an angle of 20°.

§ 4. Sections from Loch Tay to Glen Lyon (fig. 3).—The rocks just

referred to, as seen in the Dochart, also appear on the road from

Fig. 3.

—

Section from Loch Tay to Glen Lyon. Distance 9 miles,

s. n.
Loch Tay. Loch-a-Larich. Glen Lyon.

d. Gneiss. c. Limestone. a. Quartz-rock.

' a f
f. Fault.

d

Killin to Lochie Bridge, and for a short distance along the road to

the eastward, having the same N.W. inclination. About half a

mile east of Lochie Bridge strata of limestone occur, having thin

bands of rotten gneiss interstratified ; the limestone is also thin-

bedded. These limestones dip N.N.W. at 60°. At Mornish,

about two miles east from Killin, similar limestones also occur.

They have, however, a gneissose aspect, and are greatly con-

torted ; but still the prevailing dip (N.N.W.) of this portion of
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the Loch Tay rocks obtains. To the south of these contorted lime-

stones at Mornish, a flaggy trap is seen. These limestones of the

north side of Loch Tay are well exhibited for a considerable di-

stance along their strike, on the road leading from Killin to Ken-
more. They are well seen on their dip in traversing the mountain-

road from Loch Tay to Inverwick in Glen Lyon ; and also in the

streams which run nearly parallel to this mountain-road, which in-

tersect the valleys lying between Ben Lawers on the east, and Meal
Girdy on the west. The section which is shown in this traverse

between Loch Tay and Glen Lyon, is probably one of the most

instructive which can be seen in any part of the Grampians south

of the Caledonian Canal. Commencing near the north margin of

Loch Tay, we have the thin-bedded limestones with their N.N.W.
dips succeeded conformably by gneiss ; but this gneiss becomes

much contorted in the neighbourhood of Loch-a-Larich ; still the

prevailing aS";N.W. dip is seen. After passing the water-shed, a

reversed dip in this gneiss occurs; and these reversed S.S.E. dips

are well seen in the rocky course of the brook which has its origin

on the N.E. side of Meal Girdy. These gneissose rocks, which are

seen in almost constant succession for more than two miles and a

half along this stream, have a S.S.E. dip, which averages 45°.

Then, as we approach Glen Lyon, we find coming out conformably

beneath the gneiss limestones like those of the north side of Loch
Tay ; and after passing downwards through the limestones, we find

underneath them, and also conformable to them, the thick masses

of quartz-rocks which are so extensively developed along the south

side of Glen Lyon. After crossing this area in a northern direction

to Inverwick, we find the quartz-rocks suddenly disappear, and on
their N.W. side we have thin-bedded blackish gneissose rocks with
the same S.S.E. dips ; and rocks of this character are well seen in

the course of the burn leading from Inverwick to Dall, on the south

shores of Loch Rannoch. Reference will subsequently be made to

this gneiss when describing the sections which lie N.W. of the

zone marked in Sir Roderick Murchison's sketch-map* of the geology

of the north of Scotland, as occupied by " quartz-rock and lime-

stones."

§ 5. Section from Dunkeld to Blair Atlwl (fig. 4).—In portions of

the Grampians which lie N.E. of the areas already referred to, we
have sections which are very nearly allied to those already de-

scribed. In many instances, in these north-eastern areas, the rocks

are by no means so well exposed as in the districts which have
been under previous notice. In the neighbourhood of Dunkeld the

relations of the Old Red Sandstone deposits to the metamorphic
rocks of the Grampians are well seen,—the former being cut off

from the latter by masses of trap, and the metamorphic strata

marked by the N.W. dips which distinguish the southern margins
of this class of rocks. With reference to lithological character, we
have at Dunkeld schistose beds, possessing the nature of clay-slates,

as the lowest exposed rocks of the metamorphic series ; and these

* Quart. Journ. Geol. Soc, vol. xv. pi. 12.
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are succeeded by micaceous schists pass-

ing upwards into gneiss. This must, as

already mentioned, be regarded only as

a local circumstance. After leaving

Dunkeld for the N.W., the valley of the

Tay becomes so expanded that the ex-

hibitions of rocks are by no means fre-

quent. On approaching Houlinearn we
find indications of a reversed dip pre-

vailing among the gneissose strata ; but

on reaching Pitlochrie at the bridge over

the Tummel, a rT.N.W. dip obtains ; and
near this we have limestones very abun-
dantly developed, inclining at an angle

of 35°. The Pitlochrie limestone has a

somewhat gneissose appearance, and is

to a considerable extent made up of

layers of a grey and a white colour, the

latter resulting from the deposition of

more crystalline carbonate of lime in the

hollows produced by the opening of the

laminas consequent on flexures and con-

tortions.

This limestone at Pitlochrie in its na-

ture has great affinity to that on the

north side of Loch Tay ; and there is,

from its line of strike, strong reason to

regard it as an extension north-east-

ward of the Loch Tay beds.

At Craigeoch, about a mile N.W.
from Pitlochrie, we have gneissose rocks

coming on ; and these, dipping at 70°

represent the rocks of the same
character which have been described

as succeeding tbe limestones of Loch
Tay in the section from this loch to Glen

Lyon. Continuing the section north-

westwards, we have, in the neighbour-

hood of the Pass of Killiecrankie, re-

versed or S.E. inclinations among the

gneissose rocks ; and at Essangeal a

thick grey limestone, with imperfect

bedding, and seeming to dip under the

gneissose strata, appears. Between Es-

sangeal and Blair no rocks are exhibited

on the road ; but at the latter spot we
have the limestone again shown with a

S.E. dip. This limestone of Blair I re-

gard as the same as that seen at Essan-

geal, and that its appearance here is the
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result of one of those contortions, exceedingly common in the rocks of

more eastern parts of the Highlands, which have originated from the

influence of those great masses of plutonic rocks so abundant in these

portions of the Grampians.

§ 6. Sections from the South Side of Ben-y-Gloe Mountains and

Strath Ardle (fig. 5).—On leaving Blair and passing in the direction

of the southern flanks of the Ben-y-Gloe Mountains, a moory area is

Fig. 5.

—

Section from Ben-y-Gloe Southward. Distance 3 miles.

S. Gairnog. Ben-y-Gloe. N.

d c d c a

d. Gneiss. c. Limestone. a. Quartz-rock.

traversed, which affords at irregular intervals exposures of dark-

coloured gneiss, dipping S.E., or from the Ben-y-Gloe range. This

gneiss is well seen in the course of the Gairnog stream, which enters

the Gary near Killiecrankie. At the shepherd's house near this stream,

on the road over the hills from Blair into Strath Ardle, these gneissose

rocks dip S.E. at 45°, and are seen overlying limestone. To the

north of this parallel of limestone, black gneiss again occurs, having

the same inclination, and is found reposing on limestones which are

well seen in the escarpments which, lie between the small Loch
Vallean on the south and the Ben-y-Gloe Mountains on the north.

The relations which these limestones bear to the quartz-rocks of the

Ben-y-Gloe Mountains are not seen, as the sides of the latter moun-
tains afford only debris of quartz-rocks, and along the stream-

courses which drain their south flanks, no exposures of rock in situ

are visible. It is probable that the connexion between the lime-

stones and the quartz-rocks of Ben-y-Gloe is cut off by plutonic

masses ; for we find the water-shed which separates the Gairnog from
Alt-Clunie, a stream flowing into Strath Ardle, to be composed of

coarse-grained syenite ; and rocks of a plutonic character are exten-

sively developed along the southern margins of the great mass of

quartz- rocks which occur in this portion of the Highlands, although

no indications of such rocks are laid down in any geological map of

this portion of Scotland. From Alt-Clunie, below the syenitic area,

gneissose rocks occur, inclined at a very high angle towards S.S.E.

These soon become perpendicular, and then dip 1ST.W. On the west
they form the great mass of Ben Bhrackie ; and from their southern

slopes we have, at Clunie, the limestone band of Pitlochrie again

making its appearance.

This parallel of limestone, which has a N.W. dip, and which I

regard as a continuation of that seen on the north side of Loch Tay,

extends itself still further eastwards ; it has been worked at the

Market Muir, about half a mile N. of the village of Kirkmichael. It

is now wrought two miles E. of Kirkmichael, at Dunien, where it is
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well seen, dipping N.N.W. at 35°, and is of a uniform light-grey

colour, with very distinct bedding and lamina?, and possessing litho-

logical features which very nearly ally it to some of the carboni-

ferous limestones. No traces of fossils, however, occur in it. At
Dunien, on its south side, trap appears. From Dunien eastwards

its course is well seen. It has been quarried at Balchraggan and
Soilairzie (at the latter place it has white lenticular bands of pure
carbonate of lime along the laminae) ; and from hence it extends

across Glen Shee by Mount Blair into Glen Isla.

"With reference to Glen Shee, the valley being open and the

country on the hill- sides to a great extent clothed with heath, the

sections are not so satisfactory as in many other portions of the

Highlands. A dark-grey limestone was, however, formerly worked
at Balanzien, about two miles S. of the Spittal. The exposure here

is only imperfect, and the limestone apparently dips N. (?) On the

hill on the north side, a fine-grained grey syenite is seen. From
the Spittal, up Glen Beg, on the north side, great masses of red

porphyry manifest themselves ; but the same grey limestone of Bal-

anzien becomes again visible in the higher part of Glen Beg ; and,

from the verdant herbage on the S. side of the stream, this limestone

would appear well developed in this valley. At the spot on the

road-side where it has been wrought, its arrangement is irregular

and its dip indistinct. In the hill above this quarry on the N., con-

torted gneiss is seen with a N. inclination. From the section here

no definite conclusions can be arrived at concerning the relative

arrangement of the gneissose limestones and quartz-rocks. The
influence of the plutonic area, which commences on the S.W. of the

Ben-y-Gloe Mountains, and, extending eastward, unites with the

great granitic areas of Aberdeenshire, has so far broken up the several

mctamorphic rocks as to render their arrangement almost unintelli-

gible in the regions which lie immediately south of this plutonic

area. With reference to Glen Tilt, Macculloch alludes to the confused

arrangement which prevails in this valley among the strata. There

are, however, certain statements occiirring in his memoir (Geol.

Trans, vol. iii.) which lead to the inference that on the south side of

the Tilt the limestones " invariably " dip to the south at varying

angles (p. 305) ; and as regards the quartz-rocks of Ben-y-Gloe,

Macculloch remarks that these are seen alternating with limestones,

which are again succeeded by the mica-slate (p. 307). The follow-

ing statement also occurs :
—" We have seen that the great mass of

quartz-rock is followed by a small bed of limestone, and that this

again is succeeded by micaceous and clay-slate, terminating the

series of the bedded rocks in this direction " (alluding to the south)

(p. 312).
. . ,

From the sections which have already been described, and from

the observations of Macculloch, it is evident that the sequence of

rocks from the margin of the quartz-rock area towards the southern

limits of the Grampians is as follows :—First and lowest, quartz-

rocks
;
secondly, grey limestones, in some instances with lenticular

bands of white carbonate of lime. These limestones are of very
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varying thickness, and in some instances appear to thin out alto-

gether ; and are succeeded by, thirdly, the gneissose rocks, which
occupy so great an area in the Highlands of Scotland.

§ 7. Sections N. W. of the Great Zone of Quartz-
rocks and Limestones. Section from Glen Lyon
to Loch Treig (fig. 6).—Allusion has already

been made to the black gneiss which is seen
having a S.E. dip in the north side of the quartz-

rock zone at Inverwick. In Glen Lyon, rocks of

this nature, and with only slight modifications in

their dip, extend themselves to the western end
of Loch Rannoch, where an extensively deve-

loped area of syenite occurs; and from this syenite

the gneissose rocks usually incline south-eastward

in the neighbourhood of this lake.

The area occupied by this syenite, as shown in

geological maps, fails to afford anything like an
adequate idea concerning the extent of country

which this rock covers. Erom the head of Loch
Rannoch it extends along the mountain-road lead-

ing to Fort Wiliiam—at least as far as Loch Ou-
chan, and from this, westward, almost to Loch
Treig ; but its area was not definitely determined.

In the form of a flesh-coloured porphyry, this

plutonic rock occurs in all the streams which
drain the hills lying N. and S. of Uise-dhu, and
the lakes through which this stream flows in its

course to the Leven. This great plutonic area,

coloured as gneiss in geological maps, seems to

abut against the trap-rocks of Glen Coe.

At the head of Loch Treig we find it flanked by
gneiss, which dips N.W., or from its S. margin,

as at Loch Rannoch ; the same rock inclines S.E.

from its southern boundary.

§ 8. Section from King's House, through Glen

Coe, to Ballahulish (fig. 7).—The plutonic rocks

just referred to extend to King's House ; but on

passing westwards towards Glen Coe, the dark

porphyries and trap-rocks which exclusively fill

this gorge, soon make their appearance. They
occupy the whole of the glen to Claichig, where

we have stratified rocks coming abruptly against

the traps, as seen on the hill-slope immediately

opposite the small inn at Claichig.

These stratified rocks dip W.N.W. at 45°, and

they have somewhat of a gneissose aspect, but are

much more highly siliceous than ordinary gneiss.

Macculloch alludes to theirdifferingfronimica-slate,

and designates them schistose " quartz-rocks*."

* Geol. Trans, vol. ii. p. 475.
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They vary altogether from the rocks which occur to the west of

them ; and from their nature and position I look upon them as the

representatives of the true quartz-rocks. At Ballahulish they are

Fig. 7.

—

Section from Glen Coe to Ballahulish.

E.S.E.
Glen Coe. Claichig.

Distance 8 miles.

W.N.W.
Ballahulish.

Porphyry and Trap-rock. Quartz-rock. Limestone, Schist,

succeeded by the dark-grey limestone, above which occurs the slate

of this locality, having the same direction of inclination—viz.

§ 9. Section across the Peninsula of Ardsheal from Benivair (fig. 8).

—Immediately E. of the inn at Ballahulish syenite again makes its

appearance, and this mass of syenite extends S.W. along the coast

to near Ardsheal, where it becomes flanked on the coast by meta-

Fig. 8.

—

Section of the Ardsheal Peninsula. Distance 3 miles.
E. W.

Benivair. Lhinne Loch.

' 1
-OVW.

d. Schist. c. Limestone. a. Quartz-rock. * Syenite and trap-rocks.

morphic rocks, in the form of quartz-rocks and limestone. On the

east of the Ardsheal peninsula the syenite is seen forming the hill of

Benivair, against which, on the west, there occurs a mass of quartz-

rocks, which, when in proximity to the syenite, contains crystals of

felspar, and becomes almost a porphyry. This quartz-rock, more
remote from the syenite, is much intersected by joints, and has the

stratification very indistinct ; but the lamina? incline at a very high

angle, N.W. This quartz-rock at Ardsheal is worked for ceramic pur-

poses, and is know minder the name of " china-rock" On its N.W.
side it becomes more distinct in its stratification, and is succeeded by
a grey limestone, about twelve feet in thickness. Above this lime-

stone the dark-grey slates are seen dipping in the same direction

;

but on passing over the Ardsheal peninsula, the inclination of these

slates becomes reversed. On the western side the quartz-rocks

again make their appearance, dipping under the slates ; and these

quartz-rocks repose against another mass of syenite, which forms

the extreme west of the Ardsheal peninsula. In the west portion

of this section no limestone is seen ; and this may either result from
the thinning out of the narrow limestone-band, or the limestone may
exist, but not be visible, from the covering up of the junctions by soil.

The south-east side of the Ardsheal section exhibits the arrange-
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ment of the rocks seen between this locality and Appin. At Port

Appin thick masses of quartz-rocks are seen, which are greatly con-

torted, having a prevailing S.E. dip. These are succeeded con-

formably by dark slates ; and the arrangement here represents the

N.W. end of the Ardsheal section.

The limestone islands which occur in Loch Linnhe exhibit cal-

careous strata in great development. In Sheep's Island these lime-

stones are much contorted, and very nearly perpendicular, but with

a predominant S.E. dip. Judging from this, we might be induced to

infer that the strata here pass under the quartz-rocks of Port Appin
;

and if this be the case, they represent a zone of calcareous rocks

altogether different from that previously alluded to, and, under such

circumstances, they must be regarded as the equivalents of the thick

limestones of Assynt. But perhaps it may be premature to arrive at

this conclusion without more evidence than that at present afforded

by the sections on this coast.

The sections which the districts lying N.W. of the area of quartz-

rocks and limestones already referred to exhibit show, with probably

the exception of the islands in Loch Linnhe, a sequence of stratified

deposits very nearly allied to that which the region S. of this zone

manifests. Quartz-rocks at the base, succeeded conformably by
limestones, and these by gneissose or dark slaty rocks, make up the

stratified beds N.W- of the zone of " quartz-rocks and limestones
"

which extend from Jura to the K.E. coast of Scotland. The rocks

in the areas separated by this zone represent each other in arrange-

ment and almost in mineral nature,—the only difference being in the

character of the highest member, which occurs as a blackish slate

on the west coast, while toAvards the south-east its equivalent has a

gneissose aspect. This conclusion, as to similarity in age and position

among the deposits south of the Caledonian Canal, supposes the ex-

istence of a great line of fault traversing tbe Grampians in a S.W.
and N.E. direction ; and tbis line of fault—parallel to the great

S.W. and N.E. fault along the southern margin of this range of

mountains separating the metamorphic rocks on the N.W. from the

Old Eed Sandstone series on the S.E., extending from sea to sea—is

well seen in Glen Lyon along the northern edge of the quartz-rocks.

On the N. of this line of fault we have a great downthrow, the

higher beds of the series (the gneissose rocks) being again repeated
;

and as we approach the N.W. coast of Argyllshire, we have the

lower members (the limestones and quartz-rock) again brought to

the surface by the agency of plutonic masses.

With reference to the relations which these quartz-rocks, lime-

stones, and gneissose strata, constituting so much of the great mass
of the Grampians, bear to other rocks of a similar nature in the

N.W. and N. of Scotland, I cannot better illustrate this than by
referring to Sir Roderick Murchison's " Section across Locbs Eriboll

and Hope*." In this section the upper quartz-rocks, upper lime-

stone, micaceous and quartzose flagstones, and micaceous and gneissose

flagstones represent the series of strata which form the Grampians S.

* Quart. Journ. Greol. Soc, vol. xvi. p. 226.
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of the Caledonian Canal, as exhibited in the sections ; and the results

of my observations have induced me to conclude that on the main-
land the lower rocks of this section are not represented, and that we

have no metamorphic rock, either in na-
ture or arrangement, in this great area of

Scotland, that can be paralleled with the
" fundamental gneiss " of Sutherland and
Ross.

§ 10. The Arrangement of the Metamor-
phic Rocks of the County of Donegal, and
Section of the East Side of Lough Foyle

(fig. 9).—On that portion of the Irish

coast which is most nearly contiguous to

the south-western extension of the quartz-

rocks and limestones of the Grampians, we
have a great development of rocks of a me-
tamorphic character. Almost the whole of

the County of Donegal is made up of rocks

which appertain to this series ; and with

them are associated plutonic masses. Of
the deposits in this area the greater por-

tion consists of gneissose strata, nearly

allied in lithology to the chloritic schists

of the S.W. parts of the Grampians.

These chloritic schists, which in geolo-

gical maps of Ireland are generally termed
mica-slates, are subjected to great flexures.

They have prevailing N.E.-S.W. strikes
;

and, on the whole, S.E. dips are predo-

minant. Like rocks of a similar nature,

these gneissose rocks of the North of Ire-

land manifest themselves under such cir-

cumstances as to induce the conclusion that

they occupy the higher zone amongst the

deposits of this region. Beneath these

gneissose rocks of Donegal there is seen a

thick series of quartz-rocks, having the

same strike, and being subject to the same
flexures and dips as the overlying strata.

In many localities in the North of Ireland,

between the quartz-rocks below and the

gneissose strata above, there occurs a dark-

grey limestone ; and in some areas, where
the flexures become flattened, this lime-

stone covers a considerable surface. This

limestone, which is well seen at Culdaff,

on the N.E. side of the Inishowen penin-

sula, occurs in other localities between the

quartz-rocks and the gneissose beds, but

has hitherto yielded no fossils.

- »9
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In this arrangement of the metamorphic deposits of Donegal we
have an exact counterpart of the Highland series ; and this affinity

becomes still more apparent when we examine in detail the section

afforded by the N.E. coast of this country from Inishowen Head to

Malin Head, the extreme North of Ireland (fig. 9).

Commencing at the S.E. end of this section, we have exhibited

the usual chloritic schists of the North of Ireland with the prevailing

S.E. dips, frequently the result of reversed flexures, which are nu-
merous in this district. This chloritic schist forms the Mountain

of Craignamaddy. Rocks of this nature extend north-westward to

the neighbourhood of Tramore Bay, where the quartz-rocks begin to

show themselves, having the usual S.E. inclination. These quartz-

rocks occupy the coast between Tramore Bay and Dunmore Head

;

and at the latter spot the chloritic schists again make their appear-

ance, the result of an anticlinal curve in the quartz-rocks, pushing

over the latter towards the N.W., and bringing in the small patch of

schist which forms Dunmore Head.
Immediately north of Dunmore Head the limestones, dipping

under the chloritic schists, occur. These limestones of Culdaff are

not seen on the shore, owing to the district being low and covered

with sand. At a short distance inland they are very apparent, and
marked by flexures, which spread the beds over a considerable area.

The limestones here possess the prevalent S.E. dips.

North of Culdaff large masses of trap are seen extending inwards, in

a W.S.W. direction, to beyond the village of Malin. On the line

of the section N. of these traps, another exhibition of quartz-rocks

occurs, intersected by other traps ; and this area of quartz-rocks

extends for more than two miles, after which chloritic schists again

make their appearance. This second mass of quartz-rocks with the

prevailing S.E. inclination has had its origin from the same circum-

stances which gave rise to the area south of Dunmore Head, viz.

from an anticlinal pushed over towards the north. These two areas

of quartz-rocks, separated from each other by the chloritic schists of

Dunmore Head, are seen in the district south-west of Cardonagh, and
they form the quartzitic area which is well developed on the east

side of Lough Swilly ; from whence they extend south-westward to

Lough Muck, and terminate in a point flanked on the N.W. by the

granite of the Derryveagh Mountains, and on the S.E. by the great

area of gneissose rocks.

Continuing the section north-westwards, the chloritic rocks suc-

ceeding the quartz series are well seen at Glengad Head. They
also form the Mountain of Maheryard, and possess, as regards dip and
arrangement, like features to those of the masses of these rocks

which occupy the more southern area. A little to the north of Maher-
yard the quartz-rocks again appear, supporting the chloritic schists,

and have a continuous S.E. dip from the junction with the chloritic

rocks to a spot called Sandy Port.

This latter surface of quartz-rock is much intersected by traps ;

and at Sandy Port a well-marked axis is seen, from which reversed

dips occur. Near this axis the quartz-rocks put on an aspect dif-
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ferent from that which they generally assume. They have a pink
colour, are much broken up, are devoid of regular arrangement, and
exhibit features nearly akin to hornstone. At Sandy Port, traps are

seen ; but these have not produced the results above alluded to, and
such results do not accompany the other outbursts of trap, which are

so abundant along this coast.

These changes in the quartz-rocks have originated from plutonic

masses ; and although rocks of this character are not seen imme-
diately on the north-east coast of Donegal, yet at a short distance

inland such rocks occur.

The rock which has produced the hornstone aspect in the quartz-

rocks, and given rise to this well-marked axis, is a red syenite, very

manifest on the west side of Malin Head ; and this red syenite

occupies a considerable area in the north-west of the county of

Donegal.

From this axis at Sandy Port the quartz-rocks continue north-

westward to BaUyhillin, where they are succeeded by the overly-

ing gneissose series.

On the north side of this axis the higher members, which south-

ward consist of chloritic schist, are represented by aflaggy gneiss,

which is well seen in the precipitous rocks on the north-east side

of Malin Head ; and lithologically this gneiss is very much allied to

the- upper gneiss of Sutherland. Traps are very abundant among the

rocks which form the north-east extremity of Malin Head ; and thick

veins of white quartz are also prevalent in this locality.

With reference to the West of Ireland, where rocks consisting of

gneiss, limestone, and quartz-rocks are shown to occur, I have not

had an opportunity of comparing these as they are exhibited in the

County of Mayo with the North of Ireland and with the Highland
rocks. But, inferring from the strike and the arrangement of these

rocks as they are laid down on the geological map of Ireland, I feel

little doubt that they are referable to the same position and sequence

as the rocks of a similar nature in the North of Ireland and in the

Highlands of Scotland, and that the true position of these rocks is that

assigned to them by Sir Roderick Murchison in his " Hypothetical

View respecting the Gneissose Bocks of the Southern Highlands "

(Quart. Joimi. Geol. Soc, vol. xvi. page 238).

P.S. [April 6th.]—Since the above memoir was read, the author has

again visited the limestone which is worked at Leny, near Callender,

for the purpose of endeavouring to procure fossils from the associated

black shales. After a careful and diligent search, no specimens could

be detected, although the limestone is now being wrought to a con-

siderable extent. The face at present exposed shows a greater

extent of rock than that above referred to,—no less than twelve feet of

limestone with thin black shales being visible, and having well-de-

veloped black shales both above and below. A dyke of porphyritic

felstone, which cuts the limestone very obliquely to the west of the

quarry, is also seen on the north side of the limestone.
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Although, no fossils were seen, the phenomena of cleavage, which
are by no means well developed among the rocks constituting the

Grampians, are beautifully shown in the shales associated with the

limestone in this spot. These possess a cleaved structure to a great

extent, having, in some instances, lost all traces of their original

bedding. The thin limestones, however, are devoid of this structure,

—a circumstance which supports the inference that, although the

rocks of the Grampians have been subjected to the pressure which
results from great flexures and contortions, the lithological nature

of the strata was such, except in the case of the shale-beds, that no
rearrangement of particles could take place to give rise to cleavage-

planes.

March 6, 1861.

Francis George Shirecliff Parker, Lieut. H.M. 54th Eegiment,
Roorkee ; and J. Gwyn Jeffreys, Esq., 25 Devonshire Place, Port-

land Place, were elected Fellows.

The following communications were read :

—

1. On the Succession of Beds in the " Hastings Sand " in the

Northern Portion of the Wealden Area. By Frederic Drew,
Esq., F.G.S., of the Geological Survey of Great Britain.

Contents :

I. Introduction.

II. Wealden Formations in the Meridian and Neighbourhood of Tunbridge
Wells.

1. Weald Clay. 3. Wadhurst Clay.

2. Tunbridge Wells Sand. 4. Ashdown Sand.

A. Presence of the Ashdown Sand in the Railway-cutting between Tun-
bridge and Tunbridge Wells, and the Extent of the Tunbridge Wells
Sand to the Northward.

III. Eastward of the Meridian of Tunbridge Wells.

1. Weald Clay. 4. Ashdown Sand.
2. Tunbridge Wells Sand. 5. Hastings Sand around Hastings
3. Wadhurst Clay. and Battle.

IV. Westward of the Meridian of Tunbridge Wells.

1. Weald Clay. 2. Tunbridge Wells Sand. Upper
and Lower, with the intermediate " Grinstead Clay."

V. Nomenclature of the Hastings Sands.
1. Dr. Mantell's Nomenclature.
2. Reasons for using the Names now proposed.

VI. Weald Clay of the Neighbourhood of Horsham.
VII. Conclusion. Lithological Characters of the Hastings Sand.

I. Introduction.—Having for the last two years been engaged (in

the course of the progress of the Government Survey) in examining

part of that large tract in the south-east of England which is made
by the outcrop of the Wealden strata, and having now become ac-

voi. xvn.

—

part r. r
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quainted with many details concerning that formation, I wish to

bring before the Society an account of its lithological character and
of the order of succession that prevails in it.

As regards this part of England, the Wealden formation has long
been divided into three members, namely

—

The " Weald Clay," the " Hastings Sand," and the " Ashburnham
Beds."

The first, the " "Weald Clay," is much the same through all its

thickness ; where there is variety in it, it has been well described by
Dr. Pitton, Mr. Martin, and Dr. Mantell. The lowest member, the
" Ashburnham Beds," which may, perhaps, be classed with the Pur-
beck formation, does not appear in that district in which I have more
particularly been engaged. I shall therefore say little of these two,

and almost confine myself to the " Hastings Sand," and to the north-

ern part of the Hastings Sand country, a district, 50 miles long and
varying from 3 to 12 or more in width, lying between and in the

neighbourhood of the towns of Tenterden, Cranbrook, Tunbridge
"Wells, East Grinstead, and Horsham.

This " Hastings Sand," it is well known, has much clay and a

little of other substances interstratified with it ; and something has

been done towards finding out the order and character of its divi-

sions, especially in certain districts ; but these are small in extent

and are separated from one another, no good comparison of the beds

in each has been made, and some of the accounts given seem to be con-

tradicted by the facts which I have lately observed. I therefore think

it well to lay these before you, with my notions as to their bearing

on what was before known ; and I believe they will do a good deal

towards connecting together the various information you are already

in possession of, and clearing up some points on which doubt or con-

fusion has been felt.

It will be best first to repeat as shortly as possible the conclu-

sions arrived at by those who have written about these strata.

Dr. Mantell, who had paid more attention than any one else to the

Wealden formation, and who was particularly successful in the dis-

covery and the study of its organic remains, gives the following as

the succession of beds :

—

Weald Clay, stiff brown and blue clay ; then the Hastings Sand,

divided into

—

1. Horsted Sand : light-coloured sand and sandstone.

2. Tilgate Beds : sand and sandstone, gritstone (calcareous sand-

stone), and clay or shale.

3. Worth Sands : white and yellow sand and sandstone.

The name of No. 1 is taken from a place, which I have not visited,

not far from Lewes ; No. 2 is called " Tilgate Beds " from Tilgate

Porest, some miles east of Horsham ; No. 3 is named from its occur-

rence, according to Mantell, at Worth, near Crawley. In the neigh-

bourhood of Hastings, where the best sections are to be seen, Dr.

Mantell recognizes the same series of strata as he observed in the

more western parts whence he took their names ; and he describes



1861.] DEEW HASTINGS SAND. 273

Horsted, Tilgate, and Worth Beds as having just the same characters

in the two districts.

Dr. Fitton, in his valuable paper on the strata below the chalk,

gives some detailed sections of what was to be seen on the face of

the cliffs west of Hastings ; and these have come to be the more im-
portant from much of what was then visible being now obscured by
the buildings of the town of St. Leonards. Dr. Fitton did not at

that time connect what he observed into a system of strata ; but

subsequently, in a " Sketch of the Geology of Hastings," written by
him, he adopted provisionally the same division as Mantell did.

The information given in the older books and papers may be con-

sidered as merged in these conclusions of Dr. Mantell and Dr. Fit-

ton : so I need not speak further of them ; for I do not wish to give

here a history, but an account of the latest and best state of the

knowledge of this formation. More lately, however, than all this,

Mr. Morris and Mr. Prestwich described to the Society* the cuttings

that were being made for the Tunbridge Wells Railway • and, though
they were not quite sure that they understood the succession of the

beds exposed in them, they gave their idea of what it might be. As
the part examined by them is included in that which I intend to

speak of somewhat minutely, I will leave the discussion of their views

for the present, and pass on to my own description of the rocks.

In giving this, I will first speak of them as they occur in the

neighbourhood of Tunbridge Wells—for many reasons a convenient

part to begin with ; I will then give a short account of what they

are on the east of that place ; and lastly, we will trace them in the

other direction as far westward as where the Hastings Sand dips

beneath the Weald Clay.

II. In the Meridian and Neighbourhood of Tunbridge Wells.

1. Weald Clay.—In the meridian of Tunbridge Wells I find the

Weald Clay to consist nearly all of clay and shale of different colours,

blue, brown, yellow, &c. It has one or two thin bands of Paludina-

limestone, and some calcareous grit and clay-ironstone ; the thick-

ness I believe, from what I hear of borings into it at Maidstone, and
from what I see of the fall of ground between where its upper beds

occur and the outcrop of its base, to be not less than 600 feet f.

* Quart. Journ. Geol. Soc, vol. ii. p. 397. 1846.

t The following are the grounds for this estimate. A boring at Brenchley's

Brewery, at the bottom of Gabriel's Hill, Maidstone, which began about at the

top of the Weald Clay, went through 500 ft. of clay (passing a water-bearing

sand at 100 ft.), and did not reach the bottom. Another boring, at Allnutt's

Paper-mill, Tovil, near Maidstone, began at the top of the Weald Clay, passed

a water-bearing sand at 115 ft., and went through, on the whole, 600 ft. of clay

down to a hard rock, which they did not pierce, and which very likely was the

top of the Hastings Sand. Again, the top of the Weald Clay at River Hill, on
the Greensand escarpment, is 500 ft. above the sea-level ; at Leigh (which bears

from River Hill in a direction at right angles to the strike of the beds) the base

of it is 80 ft. above the sea-level. Therefore, if the beds were flat between those

two places, there would be a thickness of 420 ft. ; but it is very likely that there

xj 2
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The boundary between it and the first stratum of the Hastings Sand
is sharply defined : in many places, as at the river-bank below Ram-
hurst Farm near Tunbridge, at Capel on the east of that town, and
at Culverden Quarry and Rusthall Common, both near Tunbridge

Wells, the clay is seen to rest immediately on good sand or sandstone.

At a certain height, however—perhaps thirty feet—above the junc-

tion there is a layer of loam with a little sandstone, which may vary

from twenty to a very few feet in thickness. This is within what I call

" Weald Clay." Between this layer and the stratum-level that I

take for the boundary, is stiff clay or shale, sometimes containing

lenses of calcareous grit *.

2. Tunbridge Wells Sand.—The first layer of the Hastings Sand
I call " Tunbridge Wells Sand" ; and in using this and other names
of my adoption I have been guided by reasons which will best be

given towards the end of this paper.

The top of the Tunbridge Wells Sand is hardly seen on the first

outcrop of it from beneath the Weald Clay, though at these points

—

namely, on the left bank of the Medway on the west, and by Sandlin

and Capel-bank on the east of Tunbridge—there are moderately good

sections ; but it is well shown in several parts of that great spread

of this subdivision which occurs all around Tunbridge Wells. The
top bed is in many places a fine, hard, white sand, with few or no

partings or distinction of beds in it, similar in composition to that

thick bed of sand underneath the Castle and in the East Cliff at

Hastings, though this belongs to another horizon. It is stuff that is

difficult to work out, and sometimes requires even blasting; but

when separated into fragments, a touch will break it into loose sand.

In other places the bed is a soft, generally buff-coloured, or else

light-brown building-stone in a massive bed. The gradual change

from the first kind of substance (which may conveniently be called

" rock-sand ") to the other is well seen along two or three different

lines—namely, from Tunbridge Wells by Rusthall Common to Lang-
ton t, from the High Rocks to the summit of Groombridge Hill, and
from Eridge Rocks to Alksford and Sherlock's. I have measured at

different places 25, 35, and even 48 feet of the rock-sand, and of the

equivalent bed when sandstone 10, 12, or 16 feet, generally in one
thick, pretty hard layer. Beneath this well-marked top bed come
still sandy beds, but not massive ones like the first ; for the greater

part of the Tunbridge Wells Sand may be described as soft, buff or

light-brown sandstone in beds of half a foot, 1, 2, 3, or more feet

thick, interstratified with beds of loam, thin beds of clay, and now
and then some rather loose sand. The whole thickness of the subdivi-

sion seems to be 160 or 180 feet. I judge it to be as much as this

is a general dip to the north (in one or two places I have seen the beds dipping
in that direction) ; if it were only half or three-quarters of a degree, the thickness

would be GOO feet, I am indebted to Mr. Bensted, of Maidstone, for the infor-

mation about the borings.
* In the following localities :—River-bank nearly a mile east of Leigh ; rail-

way-cutting north of Penshurst Park ; near Fordcombe, &c.

t Marked Lengthington Green on the Ordnance Map.
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at Tunbridge "Wells, from the great descent there is between the out-

lier of Weald Clay at the top of the Common, by the corner of Bishops-

down, and the valley of the Wells ; and even in this the base of the

sand is not reached, while the dip is in that direction which would
make out the thickness more than the fall of the ground. At Groom-
bridge Hill too, where the strata are about flat, there is 180 feet of

vertical height from the top to the bottom of the sand. At Eridge

Rocks, however, and at some other places, there can hardly be so

great a thickness.

I should here mention those natural sections so well known to

every one who has been in the neighbourhood of Tunbridge Wells

:

they are lines of projecting rock sometimes showing a quite perpen-

dicular face. From their having a grey weathered surface, and from-

the way in which the vegetation is combined with them, clothing

and hanging over the summits, they form, in several places, exceed-

ingly pretty groups. All of these (namely those on Tunbridge Wells

and Rusthall Commons, Eridge Rocks, Harrison's, Penn's Rocks, &c.)

belong to one stratum, namely the top bed of the sands that I have
before described; and it is to be remarked that these bare rocks

occur where the bed is not in its hardest form (namely a good
sandstone), but they are almost in every case composed of rock-sand,

which would seem to resist the degrading action of the weather by
the solid mass it presents without planes of division. It will gene-
rally be found that the rocks are capped with an outlier of clay, which
is of course the Weald Clay. There is one more circumstance about

the Tunbridge Wells Sand which I would have borne in mind, be-

cause it bears on a question we shall come to discuss ; it is that some-
times at a level quite low down in this subdivision another bed of

rock-sand occurs ; it does not, however, form any natural rocks. It

may be seen by Groombridge, Speldhurst, rTashes near Penshurst,.

and at other places.

3. Wadhurst Clay.—We now come down to a clay stratum, which
I call "Wadhurst Clay." The bottom of the sand is generally loamy,

this being the passage (not a very gradual one) to the clay that suc-

ceeds. This last is, both in the upper part and through all its thick-

ness, stiffbrown clay, or brown or blue shale ; it ends sharply against

the next sandy stratum, good clay or else shale resting on sand or

sandstone. The thickness was proved by a well-sinking at Pellet

Gate, Pembury, to be 160 feet; but I do not think it is everywhere

quite so much ; I should say that in the neighbourhood of Tunbridge
Wells it varied between that and 120 feet. There occurs a little of

three different kinds of stone in this clay,—first, a calcareous grit,

or a fine, hard, calcareous sandstone, which is seen in thin beds every

here and there ; but just in the neighbourhood of Beech Green,

Withyham, it forms beds of two or three feet, much worked for

roadstone. Secondly, a shelly limestone, containing Cyrena chiefly,

of which I only saw a few two- or three-inch layers. Thirdly, a

smooth grey clay-ironstone, generally in small nodules or layers

of nodules. It was this kind of ironstone, and chiefly stone from
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this very stratum, that was dug to supply the furnaces that once

abounded in this part of the country. The shallow round pits by
which it was extracted can yet be seen in many of the woods

;
they

must not be confounded with the large openings, now partly filled

up and much overgrown, or else forming ponds, that were made,

also many years back, to get shale, or " marl " as they call it

here, with which it was the custom to dress the land. It may be

that in digging this out they put aside and carried to the furnace

whatever ironstone was met with : all tradition, however, points to

the small shallow holes as the source of the ore, which went (and

still goes) by the name of "iron-mine" or "mine-stone," while the pits

are called " mine-pits," and the large places are everywhere recog-

nized as "marl-pits." I should mention that on the south of Wad-,
hurst Tunnel, in the railway-cutting, I saw a thickness of 15 feet of

sandstone and loam in this clay, and once or twice besides I have
seen traces of a similar bed. It is likely enough that the same sort

of thing occurs in other places, where it escapes notice (for in a clay

country deep sections are always scarce) ; yet I have seen enough
to be convinced that this bed is very nearly all of clay.

4. Ashdown Sand.—The "Ashdown Sand" comes next ; it has no
character to distinguish it from the Tunbridge Wells Sand ; the

two can only be separated by regarding their positions with respect

to the Wadhurst Clay, or, if this fails on account of faults being

present, by slight and quite local differences. It is a similar collec-

tion of layers of sandstone and loam with an occasional bed of rock-

sand ; and it has this further resemblance, that the top is in many
places a good thick bed of rock-sand : this is well seen in four or

five of the valleys lying on the north of the road from Wadhurst to

Mark Cross, which reach through the clay to the Ashdown Sand. I

do not think I have found this bed making natural rocks like the one

at the top of the other sands.

Clay-ironstone occurs occasionally in the upper sandy subdivision;

but yet more is found in the Ashdown Sand. A good deal may be

seen in the heaps brought up from the Wadhurst Tunnel and thrown
out above it ; and in the railway-cutting, a mile and a half further

down the line, it has lately been worked to see if it would answer to

transport it to the North. On Ashdown Forest, too, it occurs fre-

quently, generally with a coating of brown iron-ore ; there are two
or three pits where it is now being dug for roadstone ; and I have
heard that about here like stone used to be extracted from the sand

for smelting.

A bed of clay and shale occurs in these sands ; it is seen at several

points south of Frant and along the north of Ashdown Forest ; at

the latter part it appears to be 30 feet or more in thickness.

These sands have a great spread about Ashdown Forest ; it is in-

deed the central district of the Hastings Sand, where these low beds

rise and make the highest ground of any in the whole formation.

The deep valleys that cut across Ashdown Forest reach clown to

such a depth as to expose, I should think, 250 feet in thickness of
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the sand's, without reaching to their base ; for the lowest beds seen

(those at Crowborough Mills seem to be so) are of just the same
sort of sandstone and loam. Some miles north and north-east of this

there are other tracts of this sand, of very irregular forms
;
they are

brought to the surface by one or more anticlinals that run somewhat
east and west. There are two inliers* of it quite near to the

country of the Weald Clay itself; namely, one a few miles to the

south-east of Edenbridge, and another that stretches from Penshurst

to beyond the line of railway between Tunbridge and Tunbridge

Wells.

A. Presence of the Ashdown Sand in the Railway-section from
Tunbridge to Tunbridge Wells, and the Extent of the Tunbridge Wells

Sand to the northward.—It is just at this part that the beds were
examined by Mr. Morris and Mr. Prestwich, whose description of

them is printed in the Society's Journal f. In making a comparison

of this with the results of my own observations, I must refer you
to the transverse section, fig. 2, p. 276. Mr. Morris and Mr.
Prestwich began their observations by the Tunbridge Tunnel ; and
just on the south of it they saw sandstone beds coming from under-

neath a great thickness of clay and shale. Passing on through seve-

ral cuttings, and rightly interpreting a fault (the throw of which,

however, they somewhat overrated), they came to shale again, this

time overlain by sandstone. This, however, they take to be a lower

bed of shale (partly from its differing from the other in being unfos-

siliferous), and they consider this sandstone, which continues on to

Tunbridge Wells, to be in the same part of the series with that they

first saw, accounting for the position of the shale by supposing a

second fault, concealed in the valley. I am, however, convinced

(and I have no doubt that Mr. Prestwich and Mr. Morris would have

come to the same conclusion if they had been able to extend their

observations for a few miles to the east and west of the railway) that

these last shales, coming from underneath the Tunbridge Wells Sand,

are the upper part of the bed of which the shales at the Powder-mill

and Tunbridge cuttings are the lower (namely the Wadhurst Clay),

and that the sandstone underneath them at the lat ter places is the top

of the Ashdown Sand. This I have proved by tracing the shale around

this inlier of sand which I observe to come from underneath it ; while

the shale, in its turn, is covered by the mass of sand from Bidborough

to Tunbridge Wells, as well as by like sand on the other side of the

valley, and is capped by two or three outliers of sand nearer to Tun-
bridge. The difficulty in the way of this explanation, which they

* I doubt if this word inlier is enough in use to be allowed to pass without

explanation ; for I have never seen it in print. It means a space occupied by one

formation which is completely surrounded by another that rests upon it. It is

useful to have a word that will express this ; and " inlier " is a very appropriate

one ; for the circumstance to be named is the exact converse of " outlier," which

is an isolated mass surrounded by a formation that underlies it ; and the advan-

tages of '• inlier" are manifest over such a phrase as was used in the same sense

by the late Mr. P. J. Martin, namely, "outlier by protrusion."
'

t Quart. Journ. Geol. Soc, No. 8, vol. ii. p. 397.
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rejected on that account, is that there are few signs of such a thick-

ness of sand as that of all the Tunhridge Wells beds on the north of

the Tunbridge Tunnel ; I have, however, seen sand resting on the

clay close there, and not far off are one or two sections showing no

inconsiderable thickness of it. The greater part of the space between

that and the Weald Clay is flattish ground, covered either by a loamy

alluvium or by gravel
;
and, of course, sections through this are

scarce ; but I have seen some sand as far away as a quarter of a mile

to the N.W. of Tunbridge Town. The Tunbridge Wells Sand, then,

must have its first outcrop along here, though there is no great feature

of ground such as one would expect ; for along this part, where there

is a special line of elevation, the ground has been denuded to quite

a low level.

III. Eastward of the Meridian of Tunbridge Wells.

1. Weald Clay.—The foregoing, then, are the beds that are found

in the neighbourhood of Tunbridge Wells—using the word " neigh-

bourhood " in a somewhat wide sense : we will now look at them in

the more easterly part of their outcrop (for I have traced them for

fifteen or twenty miles in that direction), taking them in the same
order as before. The outcrop of the lower part of the Weald Clay

is in flat ground, where there are few sections of any depth
;
and,

besides, it is hidden in many parts by some thickness of gravel ; I

therefore cannot speak as to its exact character, but I find a pretty

well-marked line between the clay and the Tunbridge Wells Sand.

East of Tunbridge Town I quite lose sight of that loamy and sandy

bed which I said there was, on the other side, some forty feet up in

the clay.

2. Tunbridge Wells Sand.—The top of the Tunbridge Wells Sand
loses its rocky character a little before we get as far east as Brench-

ley, and becomes sandstone and loam not different from the rest of

the division, which itself is so much the same as I have before de-

scribed that I need hardly speak of it more. It may be mentioned,

however, that at a level that seems to be somewhat below the mid-
dle there is seen in some places a thin bed of clay and loamy clay,

partly red in colour, and underneath it a bed of rock-sand or else

thick-bedded sandstone. I cannot say for certain, but I think that

the clay-bed is not always present, but lies in patches, while the

rocky character of what is underneath it is more persistent. The two
beds can be traced as far east as the town of Tenterden. See fig. 1,

p. 276. Hardly any evidence could be obtained about the thickness

of the division ; but it seems, from the space it occupies, to be much
the same as at Tunbridge Wells.

3. The WadJiurst Clay.—The Wadhurst Clay is also like what it

is at Tunbridge Wells. I have but one thing new to remark on it

:

the very top of it (the few feet below the junction with the sand) is,

in some places, especially near Cranbrook, of a rather red clay. The
thickness seems to be as much as 160 or 170 feet at Goudhurst, and
rather less in other places.
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4. Ashclown Sand.—The Ashdown Sand, too, is the same as be-

fore. It still is rocky at or near the top ; that is to say, thick-bedded

sandstone or rock-sand is found not many feet below the base of the

Wadhurst Clay ; for the rest, it is such that one cannot distinguish

it from the Tunbridge "Wells Sand. I have not seen any great thick-

ness of it. The bottom has not been reached.

5. Hastings Sand around Hastings and Battle.—These three beds,

then—two of sand with one of clay between them—spread over a

considerable area, without undergoing any great change ; and beyond
this part, where I have myself examined them, Mr. Charles Gould,

who was then on the Geological Survey, made out at the same time

their succession about Hastings and Battle and further to the north-

west ; and he has described them in his notes in much the same terms

that I have used for them, though it would seem that the clay in

the middle (the Wadhurst Clay) is there of a less thickness, and has

a greater admixture of loam and sand, than in the more northerly

part. Mr. Gould and myself, though the districts we were upon
were quite separated, worked up to and identified a section in an

intermediate spot, so as to be sure of the true relation of the beds in

the two districts. Quite lately I have been in the very easterly

part, at Eye and thereabouts, and have found similar strata with the

same general character, and which may therefore be considered to

belong to all the Hastings Sand that is east of Tunbridge Wells.

IV. Westward of the Meridian of Tunbridge Wells.

1. Weald Clay.—Next in course we will follow the strata west-

ward from our first starting-point. The Weald Clay, as a whole,

continues the same. A sandy bed of no great thickness occurs near

the bottom, which appears to be a continuation of the one I men-
tioned before : it may be traced pretty distinctly as far as Ling-

field ; and so may the horizon below it, which I fix on for the top of

the Hastings Sand ; but west of Lingfield, for a length of about eight

miles, neither line is so definite. There is a good deal of loam in

the bottom part of the Weald Clay, and what clay there is is mostly

sandy clay : the fine I have taken for the boundary is where this

doubtful stuff ends and the purer sand begins. It must be remem-
bered that it is within quite narrow limits that its right position is

doubtful. Beyond Three Bridges Station the change from clay to

sand becomes more marked again, and keeps so till near Horsham,
where there is some difficulty in pointing out the exact boundary.

It is clear, though, that the sand does not extend more than a mile

beyond that town, but, dipping gently westward, disappears beneath

the Weald Clay, the boundary-line changing its direction and trend-

ing to the south-east.

'2. Tunbridge Wells Sand, Upper and Lower, with the intermediate

Grinstead Clay.—Of the Tunbridge Wells Sand, we will first speak

of the upper half. The bed of rock-sand at the top of it continues

for some miles ; it forms a fine line of rocks at Bedleaf, Penshurst,
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and is again exposed in Chiddingstone Park. West of this, for a few

miles, the ontcrop of this part of the series is interrupted hy some

faults. At Stamford End, Edenbridge, rock-sand is again seen at

the horizon that I am speaking of : but this is about its last point

;

for further west the top of the Wells Sand is thin-bedded sandstone,

with some loam interstratified ; and of this same description is all

the upper half of this division. Taking the Tunbridge Wells Sand

as a whole, near the place it is named from, I find, on tracing it west,

that a bed of good stiff clay appears in it, and gets thicker and thicker

the further one goes in that direction. This clay, which I call

" Grinstead Clay," is first seen distinctly in Penshurst Park and in

the road-cutting that runs along the west side of it. Here I mea-

sured a thickness of 17 feet of clay, and I saw below it a bed of white

rock-sand ; while the Wadhurst Clay is not far beneath. Near

Tunbridge Wells itself there is here and there some red, rather loamy

clay, with thick-bedded sandstone beneath it ; and this I take to be

the same Grinstead Clay thinning out and occurring only in patches,

while I refer the lower bed of rock-sand that I, some way back,

said there was in the lower part of these sands, to the horizon of that

which underlies the "Grinstead Clay" at Penshurst. It will be.

remembered too that I mentioned a thin varying bed of clay, some of
it red, resting on a bed of rock-sand or thick sandstone, as occur-

ring about Cranbrook ; this is probably the equivalent of it too.

Following the same bed westward for some miles, I see little of it

on the north, on account of the faults ; but more to the south a suc-

cession of outliers enables us to get a good idea of it. North of

Hartfield it may be 20 ft. thick ; at the most easterly of some out-

liers that occur north of Forest Row it is 30 ft. ; at the next some-
what more than that is seen, though the top has been denuded

;

while at East Grinstead the thickness is probably 40 ft. ; and here

it is worth while to look more closely into its character. At the

very top of it there is red clay, which is a veiy useful mark by which
to recognize this stratum ; lower down it is brown clay, or brown
shale, or blue shale ; it everywhere makes very stiff ground, and it

ends sharply against the sand that is below. This sand, as at Red-
leaf, is either rock-sand or thick-bedded sandstone, in a mass of 30
feet or so thick. Sections of it may be seen in most of the lanes about

East Grinstead ; but it is also shown in natural sections at Ashurst
Wood Common, where it forms lines of rocks. In other places, too,

it juts out from the side of the hill, and a few miles to the south, at

a place near West Hoathly that bears the name of " The Rocks," it

makes two long lines of them—the edges of a projecting angle of

ground between two deep valleys, that rival in beauty those of Tun-
bridge Wells ; and indeed there is such a resemblance between this

and the groups at the last place, that almost every one would at first

say that they belonged to the same stratum—an error that would
probably be confirmed on the finding of a capping of clay to each set.

I have, however, no hesitation in saying that the two beds or their

equivalents are separated by a thickness of strata of more than 100
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feet. This is the conclusion to which I have come after a very
detailed mapping of the ground between the two localities ; and
the Geological Survey Map, which will before long be published,

will show that the course of the beds, though much interrupted by
faults, is consistent only with this theory,—the mass of the Wadhurst
Clay being not far below the rock-bed, and a great thickness of sand

above the clay that rests upon it. There is about 30 feet of sand

that is not rocky, and making only a gentle slope, below the harder

bed ; and then comes the Wadhurst Clay. These changes of the strata

can be best understood by a glance at the vertical section, fig. 1,

p. 276, in which each of the rock-beds is represented by broken lines

:

their appearance and dying out, and the relationship of the clays

above them, will be at once comprehended.

About the lower beds in this part I have not much to say
;
they

have changed so little from what they are at Tunbridge Wells. The
"Wadhurst Clay is just the same mass of clay and shale with clay-

ironstone in it (which stone has been dug a good deal near East
Grinstead), and with a little calcareous grit and shelly limestone,

—

the whole being from 100 to 130 feet thick. The Ashdown Sand
does not come much west of Ashdown Forest, where I have before

described it : the top of it around some inliers there are on the

north-east of Grinstead is not rocky, but of the ordinary thin-bedded

stone or else of looser sand ; there is, however, a rock-bed lower in the

sands, as well as a subordinate bed of clay ; in general character it is

just as before.

There is a gradual dip of the beds from Ashdown Forest both to

the north and to the west, so that the lower beds disappear as we go

in either direction ; the Wadhurst Clay skirts round the forest and dips

down at about West Hoathly ; while the course of the Grinstead Clay

is three miles or so to the west. This bed, however, is again reached

by a deep valley, along which the Brighton Railway has been made,

exposing the best section of it I have seen. At the cuttings at each

end of Balcombe Tunnel the Upper Tunbridge Wells Sand is seen

underlain by purple clay which passes downwards into blue shale.

More than 40 ft. of this Grinstead Clay can be measured on the north

side ; and there is probably about 50 ft. of it on the whole ; for in

this cutting the bottom of it is not reached : in the southern one,

however, the rock is seen coming from underneath.

V. Nomenclature of the Hastings Sand.

1. Dr. ManteWs Nomenclature.—We are now in a position to com-

pare what I have related with the accounts of Dr. Mantell, and to

discuss the question of what names may be proper for these strata.

As I have before said, Dr. Mantell makes out two sands separated

by " Tilgate Beds," which he describes as sand, calc-grit, and blue

clay, in this descending order. I was at first puzzled to know
whether the strata he met with hereabouts were the Tunbridge Wells

Sand with the Grinstead Clay in it, or the two thick sands with the
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Wadhurst Clay between them. Tilgate Forest, which he speaks of as

the great locality for the fossiliferous gritstone of his " Tilgate Beds,"

is upon the uppermost sand of all, even if we take the name to mean,

as indeed it does, a greater space than is so marked on the Ordnance

map ; and the neighbouring forest, St. Leonards, is on the same

strata, except that some of the valleys may just reach down to the

Grinstead Clay. I am told that most of the fossils he collected came
from near Cuckfield ; and Mr. Hay of the Geological Survey, who has

been engaged upon that part of the country, informs me that they

were got from two distinct beds—one of them the Grinstead Clay,

the other much higher up in the series.

The sands which he named from the village of "Worth, near here,

and placed next below the " Tilgate Beds," belong to what I have

called " Lower Tunbridge Wells Sand ;
" while the beds about

Hastings, which were called " Tilgate " and " Worth " by Dr. Man-
tell, are much lower down, and do not come to the surface within

some miles of these places. This misconception (which could hardly

have been avoided without mapping the country step by step between

the two parts, on account of there being no important break in the

series, and almost no lithological difference between the several sands

and clays) renders it, I think, necessary to disuse the names of " Til-

gate" and "Worth" Beds; and with them must go that of " Horsted,"

taken from quite another part, and perhaps accurate in itself; since

these, even if they were applicable to this particular neighbourhood,

could not be used for the beds further east without leading to great

mistakes. I will now shortly say why I adopted the names that

I have been using.

2. Reasons for using the Names nowproposed.—Taking the eastern

part first : about Tunbridge Wells the upper sands occupy a great

space ;
they form nearly all the hills near ; and their top bed makes

those conspicuous rocks that I have spoken of. I think, therefore,

their name is well taken from that place. The clay beneath them
is chiefly found in the valleys about there; but near the large

village of Wadhurst, about seven miles to the south-south-east,

it spreads over some tolerably high ground, which is indented by
a series of valleys that expose a great thickness of it, and at last

reach down to the sands below; and its position with regard to

these can also be well seen in the cuttings at the ends of the Wad-
hurst Tunnel. I have on these accounts thought it well to take the

name of Wadhurst Clay for the second stratum. The lower sands

make very high ground, are spread over a large area, and show
a very great thickness on Ashdown Forest, which is the central

part of all the Hastings Sand country : no name, I think, can
be better for these than Ashdown Sands. The bed of clay that

appears in the Tunbridge Wells Sand, and thickens to 50 ft. to

the westward, may well be called Grinstead Clay, from its oc-

curring on the north side of the town of East Grinstead, and
making as large a spread near there as anywhere else, and from
its relation to the lower beds being well seen in that neighbour-

t
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hood. This clay of course divides the sand into Upper and Lower
Tunbridge Wells Sand.

VI. Weald Clay of the Neighbourhood of Horsham.

I have said that the Hastings Sand occupies the surface hardly-

further west than Horsham, dipping beneath the "Weald Clay about

a mile beyond that town ; in most maps, I believe, it is made to go
some miles further on, and the hills about Horsham are put down
for Hastings Sand. This difference is due to a slight misunder-
standing of the nature of the strata there. The flat on which the

town is built is on the uppermost beds of sandstone, which lie very

flat, but yet dip gently to the north, and west, and south. The hills

around, the most conspicuous of which is that of Den Park, are

chiefly of clay; there is 120 feet in thickness of it; but they are

capped with a hard stratum, which is no doubt the cause of their

standing out as hills. The beds that compose this are not more,

taken together, than 10 feet in thickness. They are clay with two
or three layers of sandstone, which contain large flat masses of cal-

careous grit, just like what occurs in the "Wadhurst Clay. Many
quarries are dug in this ; and the ripples and other appearances the

hard stone shows, have been described by Mantell, Lyell, and others.

This set of beds occupies a great space in the form of a table-land

slightly sloping from the edge of the escarpment above Horsham in

the same direction as the dip, the width being in one place as much
as two miles, and varying from that down to 100 yards. I should have

some hesitation in thinking that all this ground was occupied by a

stratum no thicker than what I have said, but that Mr* Hay (who was
the first to perceive its true position) and myself have traced its

upper and lower boundaries for many miles, and have examined every

section of it without finding any evidence of, or any necessity for

supposing, a greater thickness than I have named. If, therefore, a

division is made into Weald Clay and Hastings Sand, this Horsham
stone must, at least for the north side of the Weald, be included in

the former; for here it is only a 10 ft. bed 120 feet up in the clay,

and further east there is nothing but clay at the same horizon
;

for,

as we go away from Horsham in that direction, the feature it makes
becomes less important, and the stone is little worked, and evi-

dently thins away : the last signs of it are at Crawley. Behind (on

the north of) the course of this bed from near Horsham to Crawley,

there is another bine of hill which might easily be mistaken for the

feature of the Horsham stone ; it is in fact, although of greater alti-

tude tban any made by this stratum, entirely of clay, which is yet

higher in the series, the Horsham stone making a step projecting

from beneath it. The thickness of Weald Clay above the level of

the stone-bed is very great indeed ; I reckon it to be about 500 feet,

which will give altogether 600 feet or so for the Wreald Clay here,

the same as its thickness was found to be in Kent.
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VII. Conclusion. Liihological Characters of the Hastings Sand.

To conclude : I should like to give a short summary of the gene-

ral character of the formation, and to call attention to those points

by a study of which we may get a fuller knowledge than we now
have of the sources of the material of which it is composed, and the

conditions of its deposit.

Plainly divided (as the Wealden formation is, in spite of the ad-

mixture of the two substances to some extent through all its parts)

into clayey beds and sandy beds, we shall find in each of these certain

details that are worthy of notice. The clay is generally shaly,

not hard, but in soft fine laminae ; these are sometimes, though not

generally, separated by an accumulation of the cases of Cyprides

:

the thinness of the flakes made Prof. E. Forbes give the substance

the very expressive name of " paper-shales." At some parts, how-
ever, there is a mere mass of clay without any stratification seen.

I believe it is always so when the clay is of that crimson-red colour,

ranging from that to purple, which occurs at some definite horizons

;

the origin of which, whether existing so in the rocks from which the

clay was derived, or acquired more lately, I should much like to hear

accounted for. The clay strata, as before said, are varied with oc-

casional bands of calcareous matter, either pure, as shelly limestone,

or mixed with a large proportion of sand, and making a calcareous

sandstone. Lastly, it contains irony matter, sometimes in the form

of concentrically flaking nodules of brown iron-ore, but more often

as layers of nodules of clay-ironstone.

Of the sandy beds there is more to be said. The sand itself is

nearly always extremely fine, almost an impalpable sand. On this

account it bears itself somewhat in the same way that clay does as

regards the presence ofwater : instead of absorbing it like an ordinary

sand, it becomes a pasty mass that can be moulded like a very light

clay, and this though it contains no alumina. In appearance, as

well as to the touch, it a good deal resembles the "Loess" of the

Rhine. The roads that are made with the soft sandstone are in dry
weather thick in dust, but after a good deal of rain in a complete

slush of mud. A small proportion of clay mixed with this, as it is

in many of the loams that are met with in this formation, makes one
think the compound to be much more clayey than it really is.

Sometimes a coarser sand occurs, and this is found more useful for

building-purposes, from its having the quality of sharpness ; and less

frequently there are layers of pebbles in the sand, usually about the

size of a pea, but now and then as large as a walnut. I have found
this coarse deposit and the less than usually fine sand generally in

one of the beds of rock-sand. And here I would remark (but I do
not know if the fact is of any import) that these rock-beds in almost

every case of their occurrence underlie one of the beds of clay.

Hydrous peroxide of iron occurs in small quantities in the sand-
stone, generally in thin wavy flakes, sometimes more diffused, so as
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to make a ferruginous sandstone ; and occasionally clay-ironstone is

seen. Lignite is found in the sandy beds, either in small fragments
scattered through a sandstone or loam, or in a bed, from a fraction

of an inch to a foot or more thick, which does not continue for very
many yards

;
and, again, there may be carbonaceous matter diffused

through a layer of loam or of clay. Loam occurs in large quantities

in the sandy beds ; it is in beds some feet thick, interstratified with
the sandstone ; the two substances interchange along the same stra-

tum-level, the beds varying very much within short distances. I

think that few continue for long of the same character, so as to be
recognized. Figs. 3 and 4 are two sketches of sections which show
plainly how the changes take place, either by the thinning off of a bed

Fig. 3.

—

Section in the Tunbridge Wells Sand, near Strawberry Hill,

Tunbridge Wells.

a, a. Sand in lamince. b. White Sandstone, 3£ feet. c, c. Sandstone,

fig. 4.

—

Section in the Ashdown Sand, at Biverhall, near Frant.

a. Kock-sand. b. Loam in lamina;. c. Sandstone. d. Shaly Sandstone.

and the wedging in of a new one, or by the overlying beds lapping

over its edge and occupying what would be its place if it were con-

tinued.

Lastly, the sand often shows oblique lamination in different di-

rections ; and it probably was accumulated in that way in other

cases where there are no signs of it from the deposit being homo-

geneous. Ripples, too, are frequent, often well-marked, and striking

in various ways.

But notwithstanding these changes, it holds good that the beds

which, on the whole, are sandy, and the beds that are chiefly of clay,

lie in the order which 1 have described, as represented in the section,

fig. 1, p. 276.
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2. On the Permian Rocks of South Yorkshire ; and on their

Pal^eontological Relations. By James W. Kirkhy, Esq.

(Communicated by Thomas Davidson, Esq., F.R.S., F.Gr.S.)

[Plate VII.]

Contents.

§ I. Introduction.

§ II. Permian District in South Yorkshire.

Sections near Doncaster.

1 . Bunter Schiefer. 3. Small-grained Dolomite.

2. Upper Limestone or Bro- 4. Lower Limestone.

therton Beds and Lower 5. Rothliegendes or Lower Red Sand-

Red Marl. stone.

§ III. Comparison of the Permian Strata of South Yorkshire with those of

Durham.
§ IV. Remarks on the Permian Fossils of Yorkshire.

1. Cephalopoda. 5. Polyzoa.

2. Gasteropoda. 6. Entomostraca.
3. Conchifera. 7. Foraminifera.

4. Brachiopoda. 8. Alg£e.

§ V. Distribution of the Fossils.

A. Fossils of the Lower Limestone.
1. Fossils at Moorhouse.

J

3. Fossils near Broadsworth.

2. Fossils at Hampole.
|

4. Fossils near Pickburn.

B. Fossils of the Brotherton Beds.

§ VI. Permian Fossils of South Yorkshire compared with those of Dui'ham.

§ VII. Permian Fossils of South Yorkshire compared with those of Lancashire.

§ VIII. Permian Fossils of Ireland.

§ IX. The Zechstein.

§ X. Distribution of the Permian Fauna in Time.

§ I. Introduction.—In the present communication I propose to

speak of the geology and palaeontology of the Permian strata that lie

between the towns of Pontefract and Knottingley, on the one hand,

and Tickhill and the village of Maltby, on the other. In doing so

my chief objects are, first, to endeavour to determine the equivalency

of the subdivisional groups of these strata with those of the adjoin-

ing county of Durham ; and second, to throw some additional light,

if possible, upon the distribution of Permian species south of the

Durham area. Towards the accomplishment of these objects I have

made two visits to the district in question—one in 1854, and the other

during the summer of 1859.

Prof. Sedgwick has already described the geology of this region in

his admirable memoir " On the Geological Relations and Internal

Structure of the Magnesian Limestone*." Prof. Phillips has also

noticed some of its features in a short paper " On the Geology of

Ferry Bridge and its Vicinity," published about the same period as

the precedingf. And since the publication of these papers, Mr. H.
Clifton Sorby and Mr. Edward W. Binney appear to have pursued

investigations in the same district, though the results have not been

published %. Sir Roderick Murchison bas also alluded to certain points

of its geology in the last edition of ' Siluria§.'

* Trans. Greol. Soc, 2nd ser. vol. iii. pp. 37-124.
t Philosophical Magazine, vol. iv. 1828.

\ See Prof. King's remarks on Mytilus squamosus, Bakevcllia antiqua, and
Dentalium Sorbyi, Mon. Perm. Foss. pp. 1G0, 170, 218.

§ Siluria (1859), pp. 348, 349.
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The continued researches that have been pursued of late years in

the Permian strata of Durham have carried our knowledge of their

palaeontology and geology much in advance of that of the Permian
formation of Britain generally ; and nowhere is the contrast greater

than with the Yorkshire portion of that formation, more particularly

in regard to its palaeontology : and it is with a desire to add
something to what we already know of the Permian strata of the

district specified that I make the following observations. The ex-

haustive investigations of Prof. Sedgwick, however, have left little to

add to the full account of the lithology of this district given in his

memoir ; so that I am obliged to confine my attention chiefly to its

palseontology. It is a delicate, and certainly a difficult, matter to

notice its geology at all after Prof. Sedgwick ; and I only clo so some-
what briefly in order to show how it would seem best to co-ordinate

the subdivisions of strata with those of the Durham series, and for

the sake of more fully explaining some of the facts relating to the

fossils.

§ II. Permian District in South Yorkshire.—Before proceeding

further, it may be remarked that, in examining a geological map, the

Permian strata of Yorkshire are seen to traverse the centre of the

county in a long narrow stripe, running about N.N.W. and S.S.E.,

apparently almost wearing out in the former direction, and gradually

increasing in width towards the south until a maximum of about five

miles is attained, at which width they continue into Nottinghamshire.

Their western boundary—most abty described by Sedgwick—usually

forms a well-marked escarpment, often of comparatively great eleva-

tion above the low-lying plain of the coal-measures to the west*.

Their eastern boundary, where they dip beneath the Triassic strata,

is more difficult of determination, being often masked by alluvium or

marsh-land. As the general dip of the strata is easterly, their order

of succession can easily be examined by passing transversely across

their outcrop. This I did repeatedly during my peregrinations in

this region, and always found the same sequence of beds.

Sections near Doncaster.—In going west from the town of Don-
caster, which stands on the alluvium-covered western edge of the

New Bed Sandstone, the first rocks we meet with arc some thin flaggy

beds of Limestone, with occasional bands of red and green marls,

which, as a group, we readily recognize as the " Brotherton Beds "

of early geologists. After passing extensive quarries of this lime-

stone (which, by the sinking of wells and other artificial excavations,

is known to have a deposit of marl and gypsum at its base) we come
to an extensive series of thick and irregular beds of limestone of a

whitish or yellowish colour and a subcrystalline texture. These beds

form a group of much greater thickness than the preceding member,
and are described by Prof. Sedgwick under the name of the " Small-

grained Dolomite." Still further west we meet with a series of piso-

litie, cellular, arenaceous, and compact limestones, some of which are

fossiliferous. The lower beds of this latter group rest immediately

* As at Bamborough Cliff, Ilooten Pagnell, and several other places, where
the prospect westward is most magnificent.



1861.] KIRKBY PERMIAN, SOUTH YORKSHIRE. 289

upon a deposit of false-bedded, incoherent sandstone, which it is not

difficult to identify as the Lower Red Sandstone or Kothliegendcs.

Beyond this are the Coal-measures.

There are several routes- across the outcrop of the beds, with Don-
caster for the starting-point, that show this succession of strata. It

is well shown on the south side of the Don on the road leading by

Hexthorpe, Warmsworth, and Conisborough to Hooten Roberts, and

on the north bank of the same river along the road by Newton
and Sprotborough to Cadeby,—the numerous quarries on each route

affording a good general section. A magnificent section is to be ob-

tained by traversing the valley of the Don from Doncaster to a little

beyond Conisborough ; and yet another, and one of the best, which
Sir Roderick Murchison has already noticed'*, on the South Yorkshire

Railway between the points last-named. In all these lines of section

the same superposition occurs,—and not only here in the valley and
on the banks of the Don, but north as far as Pontefract, and south

to Roche Abbey, which are the limits of the district I have examined.

North of the Don an excellent section is to be obtained in the Vale
of Went, from east of Little Smeaton to Wentbridge ; and to the

south there is one almost equally instructive from Tickhill to Maltby.

From the investigations of Sir Roderick Murchison and the officers

of the Geological Survey, it would appear that there are some beds of

red sandstone and marl overlying the Brotherton Limestone of this

district, which also belong to the Permian formationf . And, though I

have not been able to identify these beds myself, I include them in the

following list of subdivisions as the uppermost member of the Permian
series of South Yorkshire on the authority of these observers.

To recapitulate, then, the Permian series of South|Yorkshire seems
capable of being naturally divided, in the descending order, as fol-

lows (see fig. 1) :

—

1. Bunter Schiefer.

2. Upper Limestone—including the Brotherton Beds
and Lower Red Marl and Gypsum.

3. Small-grained Dolomite.

4. Lower Limestone.

5. Lower Red Sandstone.

As Prof. Sedgwick has already described the physical geology of

these subdivisions, it will scarcely be required of me to notice them
at any great length. It is requisite, however, that I should give a

description of these strata as far as necessary for their features to be
understood, and for the proper appreciation of their relations to each
other and to the subdivisions of the Permian group of Durham. Por
fuller descriptions I refer the reader to the memoir of Prof. Sedgwick
in the ' Transactions' of this Society for 1835.

1 . Bunter Schiefer.—Soft red sandstone and marl (Murchison and
Geol. Surveyors).

2. Upper Limestone or Brotherton Beds, and Lower Red Marl.—
The Brotherton Beds are a series of thin, flaggy limestones, usually

hard and compact, and of a yellow or grey colour. The surface-

* Siluria, p. 348. t Siluria, p. 326, and Table of Strata, p. 432.

x 2
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planes are generally a little apart, and often coated with red, green,
or purple clays or marls ; bands of marls similarly coloured are occa-
sionally met with among the limestones (Hexthorpe).

Fig. 1.

—

Sketch-section of the Succession of the Permian Strata in
South Yorkshire.

Coal- New Red
measures. Sandstone.

& c d e f
f. Bunter Schiefer. e. Brotherton Beds. d. Lower Bed Marl and Gypsum.
c. Small-grained Dolomite. b. Lower Limestone.
a. Bothliegendes or Lower Bed Sandstone.

In certain localities some of the beds contain casts of Axinus
dubius and Myalina Hausmanni, together with some obscure remains

that seem referable to Algce.

The Lower Bed Marl and Gypsum immediately underlie the pre-

ceding beds. They consist of beds of red and variously coloured

marls with bands of gypsum, are apparently unfossiliferous, and
are rarely seen in section.

The slight importance which the Lower Eed Marl seems to hold

in the physical geology of this district, the absence of any palseon-

tological feature belonging to it, and the occasional presence of red

and other coloured marls in the Brotherton Beds have induced me to

describe it along with the last-named deposit, and to suggest the

propriety of considering it as part of the same subdivision. I do

this with much diffidence and some doubt, being aware that such a

view is opposed to the opinions of Prof. Sedgwick and the officers of

the Geological Survey.

The Brotherton Beds are well exposed at Knottingley, Womersley,
Hexthorpe, Wadworth, and many other localities, being much worked
for lime-burning and road-repairs.

3. Small-grained Dolomite.—A crystalline, subcrystalline, or

compact limestone of a slightly yellow, cream-coloured, whitish or

lustrous grey tint. Thickness of beds ranging from 3 feet to

1 foot and under. Stratification very irregidar, beds thickening to

maximum, and thinning out suddenly ; it being almost the excep-

tion for one stratum to appear in section for a moderate distance

:

planes of stratification curiously pitted. Among the uppermost beds

occur intercalations of greenish clay or marl a few inches thick (Cliff

Quarry, Brodsworth).

This limestone seems to be entirely void of fossils, except inferiorly

towards its junction with the Lower Limestone, where faint traces of

them occur (Town Quarry, Conisborough) ; and in these lowest beds

there is also a tendency towards an oolitic character, that is never

to be observed in the middle and upper parts, though much less

evident than in some of the beds of the Lower Limestone.

The very peculiar stratification of the Small-grained Dolomite is
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mentioned by Prof. Sedgwick as having been noticed by him at
Steetly, near Mansfield, and other places*. It is a common charac-
teristic of it generally. In the old quarries at Warmsworth sections
most illustrative of this character are to be seen, one of which is

represented in the accompanying woodcut.

Fig. 2.

—

Sketch of the False-bedding in the Small-grained Dolomite
at Warmsworth Quarry, near Doncaster.

The different beds are interwoven as it were, and form about as

curious a piece of undisturbed stratification as it is possible to con-

ceive. Beds which have a maximum thickness of 2 feet actually thin

out in each direction within a space of 20 feet, their places in the

section being taken by others almost equally brief in continuance.

It is thus difficult to trace a line of bedding for any great extent ; and
within the traceable extent even of the most continuous beds the

line is often a curved one of great irregularity. Indeed some of the

sections in the "Warmsworth Quarry f, as well as in others, are neither

more nor less than highly illustrative instances of false-bedding—

a

character common enough in arenaceous deposits, but very unusual
in limestones.

Another peculiar feature of this limestone is the manner in which
its planes of stratification are pitted—almost as though worked by an
artist, Prof. Sedgwick likening it to " artificial rustic workJ." These
surfaces are covered as thickly as possible with little pits or hollows,

that extend for -i-th or ith of an inch into the limestone, with dia-

meters of about the same measurements (that is, when largest), their

depth and width often being much less. I have little doubt myself

of this feature being due to some peculiar concretionary action, ana-

logous to that which gave the Upper Limestone of Durham its

remarkable structures.

For architectural purposes the limestone of this member is perhaps

unequalled in England. It can be obtained in blocks of any moderate

size, has a texture and hardness highly suitable for delicate mason-
work, is of a beautiful tint, and will withstand almost any amount of

weathering. It is therefore scarcely to be wondered at, that many of

the finest edifices in England are constructed of it. Its quarries

* Trans. Geol. Soc, 2nd ser. vol. iii. p. 84.

T The quarry here referred to lies at the west end of the village, and just to the

south of the main road leading to Conisborough.

| Trans. Geol. Soc, 2nd. ser. vol. iii. p. 84.
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of Huddlestone, Bolsover, Steetly, and Roche Abbey are amongst tbe

most famous in the country*.

Its maximum thickness must be about 200 feet or more. This

thickness it would appear to attain on the right bank of the Don, a

little to the south of the river. In other places it cannot be near so

thick, as between Hampole and the Great North Road
;
indeed, the

variability in the amount of space between the outcrops of the Bro-

therton Beds and the Lower Limestone, allowing for difference of

position in surface, indicates a great variability in its thickness in

its north and south range. For this reason, and on account of its

irregularity of bedding, I am disposed to look upon it as having ori-

ginated in a comparatively shallow sea. Its general structure im-
plies the influence of currents of great inconstancy, and altogether

reminds us of that which may be supposed to characterize those sub-

marine banks, such as the " Dogger Bank " of the German Ocean,

that accumulate in water of no great depth, under the influence of

variable currents, at some distance from land.

The Small-grained Dolomite can be easily examined in numerous
localties west of Doncaster, where it is well exposed in the pictu-

resque crags of the Don, and in the quarries that have been Opened on
the banks of that river. Amongst other localities may be named the

quarries at "Warmsworth, Levit Hagg, Cusworth, Outmoor, Cockhill,

Sprotborough, Boche Abbey, and Brodsworth ; the cliffs in the Yale

of the Went, and on the banks of the Don east of Conisborough.

Professor Sedgwick notices it as occurring also at Mansfield, Bol-

sover, and Steetly further south, and at Huddlestone, to the north of

these localities.

4. Lower Limestone.—Between the beds just described and the

* It should be remembered, however, that even this limestone, like all other

rocks of sedimentary formation, requires selection ; for intercalated among the

beds of good stone are others which do not possess the most important property

of capability to withstand atmospheric action. And not only so, but it is exceed-

ingly difficult to distinguish such beds from the best. It thus happens that a

certain percentage of stone of an inferior quality is often supplied to the builder

along with a large quantity of good, and is used by hini without suspicion of

the evil. I saw an illustration of this in the new church of St. George at Don-
caster, which is chiefly built of this limestone, where the surface of stray blocks

in the exterior was already in a state of decay when I visited it only one year

after it had been opened. Much of the stone used in the erection of the New
Houses of Parliament is from quarries (Huddlestone and Bolsover) of the Small-

grained Dolomite ; and it would seem as if stones from its worst beds had been

supplied rather extensively. For I cannot think that stone from its best beds

would ever have shown such signs of decay as it is asserted the stone of the river-

front of the palace already shows, even if we allow the atmosphere of the me-
tropolis to be very deleterious indeed. And, notwithstanding all the obloquy that

has been thrown upon the parliamentary commission appointed to select the

building-stone for fixing upon a magnesian limestone, and this in particular, there

can be no doubt they were right in their choice—the fault not being in the stone

chosen, but apparently in the neglect of the architect in not seeing that it was
token from the right beds. To obtain a good supply of stone of uniform good
quality, it is necessary to appoint some one at the quarry to select the beds to be

worked, and to see to the honesty of the contractor or quarrvman in working only

those selected,—the only difficulty being the requisite knowledge to deternfine

which are the superior ; and this, I conceive, is rather to be attained by long prac-

tical experience than from experiments in the laboratory.
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Rothliegendcs is a series of limestones of various characters which
may be conveniently grouped as the Lower Limestone. Some of these

are oolitic, pisolitic, and nodulous (Brodsworth, Moorhouse, &c.) ;

other beds may be termed polyzoan, being almost solely composed of

fragments of Polyzoa (Brodsworth, Cadeby, &c.) ; others are cellular

and unstratified (Pontefract); and others, again, are compact (Hickle-

ton, Conisborough, &c), or arenaceous (Bag Hill, Pontefract, Barn-
borough Cliff). Perhaps there is no single section of the Lower Lime-
stone that shows the whole of these beds, though by examining a

mile or two of the escarpment, or a few transverse sections of the

limestone west of the Small-grained Dolomite, limestones of all the

characters mentioned may be met with, besides others that are more
or less modifications of these. In the vicinity of the Don the upper

portion of this subdivision is a soft, thick-bedded, yellowish, oolitic

limestone,—the roe-like grains being in some beds intermixed with

irregularly rounded concretions as large as peas, and in others with

concretionary nodides an inch or more in length, it being not un-
common to find the same stratum oolitic, pisolitic, and nodulous.

Several species of fossils occur in these beds, generally as casts. A
little lower down are some thick beds equally as soft as the former,

which are chiefly composed of comminuted Polyzoa, principally of

the species Acanthoclaclia anceps. Beneath these and immediately

above the sandstone are other beds, which are thinner, darker-

coloured, and more compact, or rarely earthy. Numerous remains

of a few species of fossils occur in these beds, but often most imper-

fectly preserved *.

In other places more to the north, especially about Pontefract and

at Wentbridge, the upper part of this subdivision is soft, yellowish,

amorphous, and full of irregularly shaped sparry cavities. Under it

are some thick beds of a harder limestone in which are immense
quantities of Gervillice (casts). Below these are some thin strata of

hard, compact, pisolitic, and arenaceous limestones, charged with

the remains of Aoc'mus dubius and GerviUia antiqua. These latter

beds are seen to rest upon the Bothliegendes at Bag Hill, opposite to

Pomfret Castle, where they become arenaceous and almost graduate

into sandstone.

The junction of the lower beds of limestone with the Eothliegendes

can be seen to great advantage in several sections in and about Pon-
tefract, as Prof. Sedgwick has pointed out. It can be well studied

in section to the south-west of the town in some road-cuttings and
quarries, particularly in one on the Carlton and Ackworth road.

Another interesting section is to be seen in an obscure old quarry on

the escarpment, just above the pretty little hamlet of Carlton, where
the lowest limestone, which is cellular, void of stratification, and
charged with a few badly preserved fossils, rests upon an irregular

surface of the sandstone, the latter being yellowish, moderately hard,

and false-bedded. The lowest limestone in this instance appears to

- Prof. Sedgwick describes the most characteristic of these beds in section ix.

of Ms "Great Middle Deposit of Yellow Magnesian Limestone." Trans. Gcol.

Soc, 2nd ser. vol. iii. p. 93.
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be the equivalent of the amorphous limestone previously mentioned ;

and from this we infer that the beds found beneath that deposit in

some of the sections about Pontefract are here wanting.

One of the most interesting sections illustrative of the junction of

the lower limestone with the Rothliegendes is at "Wentbridge, in

the cutting on the Great North Road. The latter deposit is here

seen towards the south end of the cutting, forming a large portion of

the cliff on each side of the highway, and capped by a few feet of

limestone, which, by the ascent of the road and the dip of the beds,

gradually increases in quantity to the north-east—the sandstone

disappearing, and fresh beds of limestone coming in that direction.

The beds of limestone immediately above the sandstone are thinnish,

of a brown colour, compact in texture, and contain the remains of

Aoeinus clubius and Gervillia antiqua. These strata occupy a few
feet of the section and are superimposed by a stratum of hard lime-

stone about 6 feet thick, full of the casts of G. antiqua. Other

massive beds follow, some of which are fossiliferous; and above them
are some thinner beds of soft and friable limestone, also with casts

of Gervillia?.

On other parts of the escarpment, as at Hampole Stubbs *, the

Rothliegendes is covered by some thick beds of reddish limestone of

a compact, subcrystalline, or oolitic character, and which contain

several species of fossils, among others Axinus dubius very large.

But in this section the oolitic beds of the member occur much nearer

the sandstone than in other places to the north and south.

Another section showing the two deposits in juxtaposition is found

on the escarpment between Hooten Pagnell and Hickleton, where a

series of thin-bedded, hard, crystalline, unfossiliferous limestones of

a brown colour are seen to rest immediately upon the Rothliegendes,

which is here soft and very incoherent. The structure of these lime-

stones rather resembles that of the Brotherton beds, the strata being

of similar thickness and hardness as those of that member. As a

section of the Lower Limestone it certainly differs most widely from

any other that I met with on the escarpment or elsewhere in South

Yorkshire t-

Viewing the Lower Limestone as a whole, we perceive it to be

more inconstant in structure, composition, and general character,

than any of the other subdivisions of the series. The sections just

noticed suffice to prove its mutability; and more comprehensive

details woidd only tend to make the fact more evident. Neverthe-

less, though the most variable member of the Permian formation in

South Yorkshire, it can always be easily distinguished from either of

the limestone members that overlie it, its features being peculiar and

well marked.

Most of the limestones of this group are included along with the

* The locality of Hampole Stubbs, which is on the road leading from Don-
caster to Wakefield, and just beyond Little John's Well, would seem to be

identical with the " Stubbs Hill" of Sedgwick.

f This section occurs in a plantation scarcely a mile south of Hooten Pagnell,

and near to a footpath that winds along the escarpment from that village to

Hickleton.
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Small-grained Dolomite in the third subdivision or " Great middle

deposit of Yellow Magnesian Limestone * " of Prof. Sedgwick. Some
of the most inferior appear to be placed in his second subdivision,

the " Marl-slate and thin-bedded and nearly compact limestone t".
The organic remains of this subdivision possess considerable inter-

est, as our knowledge of the distribution of the Permian fauna in this

area is almost solely based upon them, there being but three species

of the Yorkshire list that range beyond its limits. The state of

preservation of the fossils is generally as casts, it being exceedingly

rare to meet with examples in a more perfect condition. Their

extreme abundance—at least of certain species—on some horizons has

been alluded to in the cases of Wentbridge and Brodsworth. And
so far as we may judge, this abundance extends over comparatively

wide regions ; for in the case of the Gervillia-bed, which occurs so

thick at "Wentbridge, I have traced it over a distance of twelve miles,

having seen it also at Pontefract (Bullhill Quarry), Emsall, Hooten
Pagnell, Brodsworth, Hickleton, and Barnborough Cliff. The polyzoan

beds I have not traced so far ; but they are to be found at Brodsworth

(Freestone Quarry), Hampole, and Cadeby. Further particulars of

the fossils of this member will be given in another part of the paper.

As an approximation, 120 feet may be given as the probable thick-

ness of the Lower Limestone ; it being questionable whether it ever

exceeds that estimate, though scarcely so as to whether it sometimes
reaches it.

Amongst other localities affording good opportunities for studying

its various beds, may be mentioned the numerous sections alluded to

in the neighbourhood of Pontefract, which illustrate the cellular and
arenaceous forms of it ; and the quarries at or near Brodsworth,

Hampole, Hampole Stubbs, Emsall, Conisborough, Cadeby, Moor-
house, Hooten Pagnell, and Hickleton the oolitic, polyzoan, and
compact beds.

5. Rothliegendes or Lower Red Sandstone.—A deposit of yellow,

red, grey, or variegated sandstone
;
fine-grained, or rather coarse in

texture ; of irregular structure, false-bedding being common ; and
though sufficiently firm to form a soft budding-stone in some locali-

ties (Pontefract, Barnborough Cliff, and "Wentbridge), yet often very

soft and incoherent (Wentbridge, Moorhouse, and Hickleton).

The Lower Bed Sandstone of South Yorkshire differs little from
that of Durham, except, perhaps, in being a little more coherent and
finer-grained. And in no case have I observed any decided instance

of its unconformability to the overlying limestone, though it is not

always easy to say whether it is conformable or not, its stratification

being subject to such irregularities. There is no section on that

portion of the escarpment I examined that affords much support to

the opinion of those who would separate it from the Permian strata

on account of its unconformability to them—rather to the contrary.

This deposit is so well described by Prof. Sedgwick that I woidd
rather direct attention to his remarks on it than attempt further

description. It is easy of examination along the escarpment in

* Trans. Geol. Soc, 2nd ser.vol. iii. p. 81. t Loc. cit. p. 79.
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South. Yorkshire ; and it is nowhere better exposed, nor more charac-

teristically developed than about Pontefract *. In quarries on the

north and west of that town it is worked as a building-stone, being
of about similar coherency as the equivalent beds in the vicinity of

South Shields, which are likewise used by the builder. Among
other localities on the escarpment south of Pontefract, may be named
those at Carlton, Wentbridge, Hampole Stubbs, Moorhouse, Hickle-

ton, Barnborough Cliff, Cadeby, &c.

§ III. Comparison of the Permian Strata of South Yorkshire with

those of Durham.-—Having now given some details illustrative of the

characters of the subdivisions of the Permian series of South York-
shire, it will be of interest to attempt their co-ordination with the

subdivisions of the equivalent series of Durham.
Commencing at the base, we have the lower red sandstone, the

equivalency of which with the lower red sandstone of Durham, as

well as with the typical Rothliegendes of Germany, has been so long

known to geologists as not to require special pointing out. Indeed the

researches of Prof. Sedgwick clearly show the Yorkshire and Durham
beds to be portions of one deposit, in all probability yet continuous.

We have thus contemporaneous subdivisions at the base of each

series. If we pass on to the Brotherton beds, the highest calcareous

member, we find that it agrees in position with the upper limestone

of Durham, and, besides, that it is characterized by the same fossils,

and by a similar paucity of them. For these reasons I look upon
the Brotherton beds as the equivalent of the upper limestone, being

fully persuaded that such agreements could not have occurred in

deposits of different periods. Thus we have the lower limestone and
small-grained dolomite confined between two determined horizons,

with the marl-slate, compact limestone, and shell- and cellular lime-

stone of Durham as equivalents. Of these I look upon the lower

limestone as being parallelized by the marl-slate and compact lime-

stone, and the small-grained dolomite by the shell and cellular

limestone. The marl-slate has no special representative in York-
shire. And, though it is possible that its deposition may have pre-

ceded the commencement of that of the lower limestone, I see

nothing that leads me to suppose that it did. In classing it as the

equivalent in part to that Yorkshire member, I rely upon the fact of

its being the commencement of calcareous beds in the Durham series,

just as the lower limestone is in the series of Yorkshire, and on the

probability of the accumulation of arenaceous sediment having been

consummated and that of calcareous sediment begun about the same
period in both regions. It is the compact limestone, however, that

is to be considered as principally equivalent to the lower limestone.

In regarding the shell- and cellular limestone of Durham as the

equivalent of the small-grained dolomite, it may be objected that

the great difference that exists in their palseontological features is

opposed to such an identification. To this I would reply that the dif-

* The fine deep soil in which the people of Pomfret grow the liquorice-root

to manufacture the " Pomfret Cakes," for which, among other things, their town
is so famous, seems to be largely composed of the debris of this member.
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ference is one of distribution, similar to the differences seen in the

distribution of marine life in recent seas—the bottoms of which, we
know, offer many examples of great irregularities in the distribution

of the various forms of life that people them. To conclude, we have

the Bunter Schiefer of Yorkshire apparently parallelized by some
obscure and little-understood beds of red sandstone which occur in

the south-east portion of the county of Durham, superior to the

upper limestone, and which have been classed by Mr. Howse * as

Permian under the name of Lower Bunter.

In arriving at these conclusions I have chiefly been guided by the

relative positions of the subdivisions of each series. Indeed, in this

instance, with such differences in the pakeontological and structural

features of the subdivisions, vertical position is almost the only test

that can be used in attempting to parallelize them ; and in series of

strata, or rather in portions of the same series so little apart as the

two compared, vertical position would seem to be as good a test as

any that could be used. I would also observe that, in regarding

subdivisions to be equivalents, I also consider them to be of con-

temporaneous deposition. Thus the Brotherton Beds and Upper
Limestone not only represent the last deposition of calcareous sedi-

ment in each area during the Permian era, but are looked upon as

contemporary. It is not, of course, supposed that the accumulation

of each commenced and ceased at exactly the same periods in both
areas, but that the bulk of each subdivision was synchronously

deposited. [See the Tabular View of the Permian Strata of Durham
and South Yorkshire, p. 298].

§ V. Remarks on the Fossils.—I now proceed to notice the species

I have met with in this district.

Cephalopoda.

1. Nautilus Freieslebeni, Geinitz, Neues Jahrbueh, p. 637, pi. 11.

fig. 1.

Syhs. J¥. Eowerbanlcianus, King; and N. Theobalcli, Geinitz.

A cast of a body-chamber of a young individual of this species

occurred at Brodsworth. It is rather less than half-an-inch long, is

a little more compressed medianly than Durham specimens of simi-

lar age, and shows traces of a shallow median sulcation.

This is the only Cephalopod I have met with in Yorkshire ; but
Prof. King quotes it from Aldfielcl, Yorks. (in the cabinet of Prof.

Phillips)!.

Gasteropoda.

2. Turbo heliclnus, Schlotheim, Petrefactenkunde, p. 161.

Syns. Turbo Mancuniensis, T. minutus, and Rissoa obtusa, Brown
;

Littorina Tunstallensis, Howse ; and Turbo Thomsonianus,
King.

Full-grown specimens of this species in Yorkshire have five whorls,

and are about one-sixth or one-fifth of an inch in length. At Ham-
* Ann. and Mag. Nat. Hist., 2nd ser. vol. xix. p. 34.

t Mon. Perm. Foss. of England, p. 220.
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pole immense quantities of young and probably rather dwarfed spe-

cimens are to be had, some portions of the limestone being literally

full of them ; and as all these specimens are testiferous, and many
of them in a perfect condition, they have afforded me a good oppor-

tunity for studying some of the variations of form and character to

which this species is subject. The following remarks are therefore

solely based upon these materials.

The common form is usually as wide as long, with, a large body-

whorl, a short, depressed spire (which occupies less than half the

entire length), and a large umbilicus. The whorls are ventricose and

rather flattened behind ; the body-whorl increases rapidly and has

two prominent central ribs, bounded on each side by others of less

strength, which characterize the species ; the apex is obtuse ; the

aperture orbicular with a slightly refiexed pillar-lip.

Many of the specimens are proportionally longer (the spire being

"drawn out a little and the body-whorl of less width), and have the

whorls rounder and the spiral ribs of uniform strength.

Another variety is without spiral ribs, or with very faint indica-

tions of them, and has the whorls somewhat shelving behind, most
prominent a little below the median line, and well rounded in front,

with a narrow, flattish region bounding the suture.

There are numerous intermediate forms that are more or less mo-
difications of the three noticed, whose differences they serve to con-

nect by numberless slight gradations. This is strikingly the case

with the differences observed in the strength of the spiral ribs, it

being possible to form series of specimens showing their gradual obli-

teration; .and so it is with the differences seen in the size of the

spire, and with those of the rotundity of the whorls. Indeed, it is

almost easier to pick out specimens showing some slight differences

than specimens which show none.

The Hampole specimens invariably have a more obtuse apex than

those of Durham, the first and second whorls being flatter compared
with the succeeding ones.

The generic position of this species, like that of several other Per-
mian univalves, is still somewhat uncertain. It has been placed in

Turbo ; and its general resemblance to the shells of that genus in-

duces me to allow it to remain there. Its resemblance to Littorina,

to which it has also been referred, is perhaps almost as great. And
it is only right to mention that the operculum of this shell has
never been found, which is better explainable on the supposition of

its being horny, like that of Littorina, than calcareous like that of

Turbo. There is, however, no instance on record of the operculum
of any of the Permian Gasteropods having occurred in England or

Germany.
Log. Pontefract, Hampole Stubbs, Moorhouse, Pickburn, Brods-

wrorth, Conisborough, and Barnborough Cliff. Taken by Prof.

Sedgwick between Marr and Hickleton*; and by Prof. Phillips at

Aldfieldf.

* Trans. Geol. Soc, 2nd ser. vol. iii. p. 118.

t Mon. Perm. Foss. of England, p. 205.
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3. Rissoa Leigili, Brown. PI. VII. figs. 1-6.

R. Leighi, Brown, Trans. Manchest. Geol. Soc, vol. i. p. 64, pi. 6.

figs. 9-11.

Syns. Rissoa Gibsoni and R. pusilla, Brown.

Typical specimens of this minute species are ovately conical in ge-

neral form ; with four, or rarely five, flatly convex smooth whorls,

that increase quickly in length and width, and which are divided hy
a deepish and slightly oblique suture. One half of the length is oc-

cupied by the body-whorl, which has a well-rounded basal slope

;

the spire is conical, with rather a blunt apex. The aperture is

nearly oval and of moderate size, the outer-hp being strongly arcuate,

the pillar-hp somewhat curved, and reflected, with a slight umbilical

chink behind it.

Length -t- inch ; breadth

There are other specimens almost obovate in form, with convex
whorls, more depressed spire and obtuse apex. Others, again, have a

large body-whorl, rounded whorls, and also an obtuse apex.

An examination of a type specimen of Rissoa Gibsoni from the

Lancashire Permian beds (kindly lent me by Mr. Binney) has led me
to place that species along with the one I am noticing, of which it

seems to be but an enlarged form.

The Trochus pusillus, Geinitz, of the LTnter Zechstein, is a related

form, but undoubtedly distinct from the present. So it would ap-

pear is the Turbo Permianus, King, of the Shell-limestone of Durham.
Rissoa Leighi has only occurred to me at Hampole, where it is not

rare in the beds containing Turbo helicznus. It is found in greater

plenty in the Permian marls and limestones of Colyhurst near Man-
chester*. It has also been met with under its Gibsoni form by Prof.

King, at Tullyconnellf.

4. Tureitella Altexbukgexsis, Geinitz. PI. VII. figs. 9, 10.

Turbonilla Altcnburgensis, Geinitz, Verstein. deut. Zech. p. 7,

tab. hi. figs. 9, 10.

Syns. Looconema fasciata, King ; L. Geinitziana, King ; TurriteUa

Phillipsii,Ho\?se; T. Tunstallensis, Howse; and Rissoa gracilis,

Schauroth.

Specimens of a minute turreted shell are not rare in the Lower
Limestone at Hampole. Like the individuals of other Gasteropods

from this locality, they are evidently young individuals, and some-

what stunted in growth.

These specimens are minute, turreted, and smooth. They have

only five whorls, rarely six, which increase gradually in length, and
somewhat quickly in breadth. The whorls are ventricose and equally

rounded ; the suture is deep, rather wide, and oblique. The body-

whorl is about as long as one-third of the entire length. The aper-

ture, which occupies rather more than one-fourth of the length of

the shell, is obovate, being rounded behind and rather produced in

* Messrs. Binney and Brown in Trans. Manch. Geol. Soc, vol. i. p. 63 ; and
Prof. King in Mon. Perm. Foss. of England, pp. 205, 206.

t Journ. Geol. Soc. of Dublin, vol. vii.
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front ; the outer lip is strongly convex ; the pillar-lip is slightly

convex, and a little reflected ; behind it is a very minute umbilicus

which in some specimens is scarcely observable.

Length y
1
^- inch ; breadth JL. inch.

In the adjoining quarries of Moorhouse and Hampolo Stubbs other

specimens of what is evidently the same species occur, twice or

thrice as large as those just described, and with a greater number of

whorls. These specimens are always in an imperfect condition.

These Yorkshire Turritellce agree very well with Geinitz's figures

and description of Turbonilla Altenburgensis, their general width,

perhaps, being a little less compared with their length. They also

very much resemble the specimens found by Prof. King in the Tully-

connell limestone, and referred by bim to this species. There is a

much greater difference, however, between them and the Tumtellce

of the Shell-limestone of Durham, as there also is between the latter

and those of Germany. The Durham examples are much more finely

developed, ranging from half-an-inch to an inch in length, and with

from 8 to 12 whorls ; their aperture is also different, being more
angulate by the greater straightness of the pillar-lip. Still I think

that the Durham specimens may likewise belong to this species, their

differences being such as we may easily suppose to be due to their

higher state of development. I do not wish to assert this opinion

with much dogmatism, though it seems the most probable to me

:

and I would add that it is in a similar spirit that I class with this

species the various forms indicated by the synonyms at the head of

these remarks. It is my opinion that the whole of them are refer-

able to the present species—it apparently having the right of pri-

ority ; and this is also the opinion of other Permian palaeontologists,

whose views are of more worth than my own*. Still it should be

acknowledged that the question is one of some difficulty and not

easy of solution ; and that there is, even yet, much to be said in

favour of the specific distinction of some of the forms here included

as synonyms.

5. Chemnttzia Roessleri, Geinitz, Jahres. Wetter. Gesell. 1850-51.
Syn. Loxonema Swedenborgiana, King, Mon. Perm. Poss. p. 210.

A single impression of a fragment of this species occurred at

Hampole Stubbs. The specimen shows five whorls strongly ribbed

transversely. It is about ith of an inch in length. The apex is not
shown, neither does the largest whorl of the impression appear to be
that of the body-whorl. Nevertheless the specimen possesses suffi-

cient character to allow the species to be determined,-—the form of

the whorls and their transverse ribs being unmistakeably those

of C. Roessleri.

This species is found also in the Unter Zechstein and in the Shell-

limestone of Durham.

* See Mr. Howse on T. Altenburgensis in Ann. and Mag. Nat. Hist., 2nd ser.

vol. xix. pp. 446-448; and Baron von Schauroth in Zeitschr. d. dent. Gesell.

1856, pp. 236-244.
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6. Steapaeollus Permianus, King, Moil. Perm. Foss., p. 211, pi. 17.

figs. 10, 11, 12.

I procured five or six specimens of this species at Hampole. They
are as large as the Durham examples, and have three much com-
pressed and rapidly increasing whorls, a large body-whorl, and a
slightly elevated spire. In the latter respect they differ somewhat
from the majority of the Durham specimens, in which the spire,

though still low, is higher, as it also is in examples from the TJnter

Zechstein of Germany. All the specimens are deeply and largely

umbilicated, and have apparently an almost orbicular aperture.

7. Natica minima? Brown. PI. YII. figs. 7, 8.

Natica minima, Brown, Trans. Manch. Geol. Soc, vol. i. p. 64,

pi. 6. figs. 22, 23, 24.

Three specimens of a smooth shell with three whorls have oc-

curred to me at Hampole. They most nearly resemble the Natica

minima of Brown. The whorls are ventricose, rather oblique, flat-

tened behind and rounded in front ; the body-whorl is very large,

and the spire short ; aperture apparently suboval, outer-lip convex,

pillar-lip nearly straight.

The condition of these specimens is not such as will allow me to

speak positively in thus referring them to this species. Nor are the

figures and description given by Capt. Brown such as afford much aid

in their identification. A specimen of the shell, with which I have
been kindly favoured by Mr. Binney, does not look much unlike a

squat form of Turbo helicinus. Nevertheless there is a possibility of

its representing a distinct species ; and as there is also a possibility

of these Yorkshire individuals proving to be the same, I refer them
for the present to it—doing so, however, with considerable doubt.

8. Chiton Loftusiantts, King, Mon. Perm. Foss. of England, p. 202,

pi. 16. figs. 9-14.

I have a posterior plate (cast) of a Chiton from Brodsworth, and
an intennediate one (cast) from Moorhouse, which appear to belong

to this species. The former is rather narrow, and has an elevated

and reflexed apex. The latter is obtusely angulated medianly, and

has its posterior and anterior margins almost at right angles to the

dorsal line. The shell of these plates appears to have been somewhat
thick ; and the posterior plate, which is the largest, must have be-

longed to an individual about five-eighths of an inch in length.

Two plates of a Chiton are mentioned by Prof. King as having

occurred in a Permian limestone at Kirkby Woodhouse in Notting-

hamshire*.

9. Dentaliem Soebyi, King, Mon. Perm. Foss. of England, 1850,

p. 218.

Syn. Dentalium Speyeri. Geinitz, F/eber den Zechstein der Wet-
terau, 1852, in the Jahres. der Wetterau. Gesell. for 1850-51.

Not rare in the Lower Limestone at Hampole Stubbs. Specimens

* Mon. Perm. Foss. of England, p. 203.
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are not well preserved, being either casts of the interior, or impres-

sions left in the matrix after the decay of the shell. They are half an
inch or less in length, and are slightly curved, more so posteriorly than
towards the aperture ; they taper gradually, and have apparently

been smooth.

Prof. King first described this species from a specimen discovered

by Mr. H. Clifton Sorby at Conisborough.

More than a year ago I found a Dentalium in the Shell-limestone

of Durham, which evidently belongs to this species. It is testi-

ferous, of the same length, of similar curvature, and smooth like

the examples just noticed. It perhaps increases a little more rapidly

in width, and is more acuminate posteriorly than they ; but these

differences seem of little import.

There does not appear to be much doubt as to this species being

identical with the Bent. Speyeri of Geinitz, which occurs in the Unter
Zechstein and Zechstein-Dolomit of Germany. Specimens from these

deposits, sent to me by Baron von Schauroth as those of B. Speyeri,

show little variation from English examples. And I have also

compared the latter with drawings of type specimens with which I

have been kindly favoured by Dr. Geinitz, but can detect nothing

that will constitute a specific difference.

Loc. Hampole Stubbs, Conisborough (Sorby).

CONCHIEERA

.

1. Gervixlia antiqtxa, Minister; Goldfuss, Petrefacten, part 2. p. 126.

Syns. Bakevellia tumida, King ; Avicula inflata, A. Binneyi, and
A. discors, Brown.

Two forms of this species occur in Yorkshire. One is longer

than wide, rather inflated, with a shallow curvature in posterior

margin, and a deep byssal sinus. The other is wider than long,

rather flat, and with a byssal sinus not so deep as the first. Neither

is found above half-an-inch wide, generally less. The surface of

both is marked with the regular, finely raised lines of growth so

characteristic of the species in Durham.
The relative thickness of the shell appears to have been greater in

the Yorkshire individuals than in those of Durham. The muscular

impressions and pallial lines are thus often very clearly indicated on

the casts. The hinge-teeth are also very instructively shown in many
specimens.

In one quarry near to Pickburn I obtained specimens of the more
elongate form which assume the character of the Bakevellia tumida

ofKing,—the valves being very tumid, the hinge-line of great width,

and the shell altogether more irregularly grown than in type speci-

mens of the species.

G. antiqua occurs in immense quantities in the Lower Limestone,

associated with remains of other Gervillice apparently belonging to

the species keratophaga. At Bull Hill Quarry near Pontefract, and

at Wentbridge, their remains almost solely form thick beds of lime-

stone. It is almost invariably in the state of casts, and generally in

detached valves.

VOL. XVII. PART I. Y
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It occurs at Bull Hill, Bag Hill, and other localities about Ponte-

fract, at Wentbridge, Hampole Stubbs (Stubbs Hill, Sedgivick),

Hampole, Moorhouse, Pickburn, Brodsworth, Conisborough, Hooton

Pagnell, Emsall, Barnborough Cliff, Cadeby, Braithwell, and near

Micklebring, all localities of the Lower Limestone, and in all of

which it is common.

2. Gervillia keratophaga, Schlotheim, Denksch. Akad. Miinch.,

toI. vi. p. 30, pi. 5. fig. 2.

Syn. BalcevelUa bicarinata, King.

Specimens of this species occur more rarely than those of the pre-

ceding. They never attain the size of the largest Durham specimens,

though in common with those they possess the same obliquity of

valves, forked posterior margin, and prominent and somewhat distant

lines of growth that characterize the species.

It occurs at Brodsworth, Pickburn, and, I think, in other localities
;

but the preservation of the specimens is such as will not allow me to

speak positively on the matter. Prof. King gives the neighbourhood

of Pontefract as a locality for it.

3. Myalina Hausman^i, Goldfuss, Petrefacten, part 2, p. 168.

Syns. Mytilus squamosus and M. acuminaUis, J. de C. Sowerby

;

and Mytilus septifer, King.

Generally about half-an-inch long, rarely an inch. Not very

common. Occurs both in the Lower Limestone and the Brotherton

Beds, being much dwarfed in the latter.

Loc. Lower Limestone ; Bull Hill Quarry near Pontefract, Ham-
pole Stubbs, Barnborough Cliff, near Sprotborough, Conisborough,

Brodsworth, and Moorhouse. Brotherton Beds; Hampole Quarries*,

Knottingley, and Loversall.

4. Myoconcua costata, Brown, Trans. Manch. Geol. Soc, vol. i. p.

32, pi. 6, figs. 34, 35.

Specimens of this species are not rare. They never exceed fibs of

an inch in length, have generally rather convex valves, slightly curved

dorsal and ventral margins, with well-marked posterior ribs, and the

surface covered with strong lines of growth.

Loc. Brodsworth, Hampole Stubbs, near Barnborough Cliff,

Moorhouse, Hampole, and Bull Hill near Pontefract, all in Lower
Limestone.

5. Cardiomorpha Pallasi, De Verneuil, Geol. Kuss., vol. ii. p. 316.
Syn. C. modioliformis, King.

A single right valve of this species occurred in the Lower Lime-
stone at Brodsworth. It is J-ths of an inch long, is strongly angu-
lated, has its umbone depressed, and appeal's to have had a very

thin shell.

* "Hampole Quarries" is the name on the map of the Ordnance Survey for

the quarries on each side of the Great North Road, a little to the north of the
Holmeroyd Bridge and a mile to the east of Hampole village, and rather more
than a mile to the east of the old quarry of Lower Limestone so often mentioned
in this paper as the locality of ' Hampole."
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6. Axinus dubius, Schlotheim, Denksch. Akad. Miinch., vol. vi.

p. 31, pi. 6. figs. 4, 5. PI. VII. figs. 11 and 12.

Syns. Ax. obscurus, Sowerby; Ax. parvus, pusillus, productus,

undatus, elongatus, rotundatus, and Lucina minima, Brown

;

Schizodus Schlotheimi, Geinitz ; and Sch. truncatus, King.

The most common form of this species in Yorkshire is that which
has been described by Sowerby under the specific name of "obscurus."

Its distinguishing features being already so well known, it will be un-
necessary to notice them in detail. It differs from other varietal

forms of this species in its greater depth anteriorly and in its greater

posterior production, in the convexity of its umbonal region and
larger umbone, in the obliquity of its hinge-line, and (generally)

in the thickness of its shell.

Specimens from some localities—especially those from Moorhouse
—show several deep farrows and ridges in the concavity of the um-
bonal region, running somewhat radiately from the umbone, which
are probably visceral markings. Such examples also generally show
traces of the muscular impressions. These internal markings are,

of course, best seen in specimens with thick shells, and are very

faint or not at all perceptible when the shell has not been of mode-
rate thickness, as at Emsall and Brodsworth. The thickness of the

shell has been quoted as a specific character by those who consider

"obscurus " a distinct species ; but it may be pointed out that, though
the shell of the Yorkshire Axini is usually much thicker than the

shell of those occurring in Durham, yet its thickness is subject to

variation, just as the size of the shell is variable. Some individuals, and
those not young ones, have the shell little or no thicker than that of

the " truncatus " variety of the Shell-limestone of Durham, whereas
in other cases the shell is fully three times as thick. Thus, instead

of the difference in shell-thickness being of specific value, it would
seem to be merely a difference of individual growth, due probably

to age and locality, which are known to effect analogous results with
the shells of recent Mollusca.

It would appear that Ax. dubius attained its maximum develop-

ment in the British area in the sea of the Lower Limestone. It was
there of greater size, more robust, and more prolific than at any
other period of its history. In no other district, and on no other

horizon, in Yorkshire, Durham, or any other part of Britain where
Permian strata occur, does it ever again attain the same size and
abundance. During the same period—while the Compact Limestone
was accumulating—it was a rare species in the Durham area. And
this is a fact worthy of attention : for the two regions are only some
eighty miles distant

;
yet in one it is the commonest species, and in

the other amongst the rarest.

The Axini of the Brotherton Beds also belong to the " obscurus
"

type ; but they are there much dwarfed in size, seldom exceeding

half-an-inch in width.

In some localities another variety of this species occurs (figs. 11,

12), which is much smaller than the preceding, its width being only

•j^jths of an inch. It is almost ovate in marginal outline, is regu-

t2
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larly rounded anteriorly, and is a little more produced in that direc-

tion than " obscurus " or any of the other varieties. Its umbone is

comparatively small, and does not extend much above the hinge-

line ; the hinge-line slopes gently inwards, and its ventral margin
is regularly rounded and likewise slopes inwards to the posterior ex-

tremity. The valves are regularly convex, and the shell is com-
paratively thin.

This pretty form of Ax. dubius is somewhat rare, and has only

occurred to me in Lower Limestone at Conisborough, Hampole Stubbs,

and Brodsworth.

Loc. In the Lower Limestone at Bull Hill Quarry and other lo-

calities about Pontefract, at "Wentbridge, Hampole, Hampole Stubbs,

Moorhouse, Pickburn, Brodsworth, Conisborough, Hooton Pagnell,

Emsall, and Barnborough Cliff; on Prof. King's authority it likewise

occurs at Garforth Cliff, Woodhall, and Nosterfield.—In tipper Lime-
stone at Knottingley, Loversall, Wadworth, and south of Bobin
Hood's Well.

7. Mackodojt striates, Schlotheim, Denksch. Akad. Miinch., vol. vi.

p. 31, pi. 6. fig. 3.

Syns.' Cucullcea sulcata, Phillips*; Area tumida, J. Sowerby; A.
antiqua, Minister; A. Loftusiana, Howse ; A. Kingiana, De
Yerneuil.

Three separate valves of this species have occurred to me in the

Lower Limestone. Their size is very small compared with Durham
examples, being apparently of stunted growth. The largest is half-

an-inch in width.

Loc. Moorhouse, and Holywell Hill (Conisborough).

8. Leda spelencaria, Geinitz, Yersteinerungen Zech., p. 9, pi. 4.

fig. 6.

Syn. Leda Vinti, King.

I possess two specimens of this interesting species from the Lower
Limestone of Moorhouse. One is a good cast of a right valve with a

portion of the shell adhering to one extremity ; the other is a bad
cast of a left valve. The former is about |-ths of an inch in width,

and differs little from Durham specimens, except in being rather

more acuminate posteriorly, and in having the umbonal ridge much
broader and stronger than they.

Beachiopoda.

1. Terebratela elongata, Schlotheim, Denksch. Akad. Miinch.,

vol. vi. p. 27, pi. 7. fig. 7.

Syns. T. sufflata, complanata, lata, communis, and intermedia,

Schlotheim.

Both the typical form of this species and the variety sufflata occur

in the Lower Limestone, the individuals of both varying in relative

length and width in different localities, but never attaining so large

a size as in Durham. My largest specimen is half an inch long,

* This is probably the shell noticed by Prof. Pliillips. under the name of Cu-
cullcea, as occurring in the neighbourhood of Ferry Bridge. See Phil. Mag., new
series, 1828, p. 401.
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which is an uncommon length. It is not a rare species at Conis-

borough, where the individuals belong to the typical form ; nor at

Hampole, where individuals of both forms occur, though exceedingly

stunted even for Yorkshire.

T. elongata is the only Brachiopod that has been found in the Per-
mian series of South Yorkshire.

Loc. In Lower Limestone at Conisborough, Brodsworth, Hampole,
Hampole Stubbs, and near Wentbridge. It has also been noticed by
Prof. Phillips in the vicinity of Perry Bridge.

POLYZOA.

1. Acanthocladia anceps, Schlotheim, Denksch. Akad. Miinoh.,

vol.vi. p. 20, pi. 2. fig. 7.

A. anceps is the common Polyzoon of the Permian strata of this

district. It here takes the place—and more than takes it—of the

Fenestella retiformis of the Durham beds. It is usually, however,
much broken up, good characteristic specimens being rare. In only

one quarry (Freestone Quarry) near Brodsworth, have I met with
illustrative examples showing the symmetrical branching of the

stems, and more rarely the celluliferous surface.

Both in the quarry named and in others at Cadeby and Hampole,
the remains of this species form almost the chief bulk of thick beds
of limestone that have long been wrought as a building-stone in the

district a little west of Doncaster. The remains of Acanthocladke

are to be seen studding the surfaces of the weatherworn walls of the

ancient stone buildings of this district. When at Conisborough I

saw it in company with Gervillia antiqua in the stones of the walls

of the castle-keep—probably old acquaintances of Athelstan the

Unready and his compatriots in ' Ivanhoe '

!

Loc. In Lower Limestone at Brodsworth, Pickburn, Hampole,
Hampole Stubbs, Bull Hill Quarry (Pontefract), and Conisborough.

2. Thahntscus DUBitrs, Schlotheim, Petrefacten, p. 341.

Syn. Fenestella ramosa, King.

I have taken a specimen of a Polyzoon which very much resembles

this species. It is rather above an inch long, shows the uncelluli-

ferous face, and has a principal stem about ^-th of an inch in width,

with many irregular branches almost as wide.

Loc. Freestone Quarry, Brodsworth.

3. Uetepora Ehrenbergi, Geinitz, Grundriss der Versteinerung.,

p. 585, pi. 23. fig. 12.

Syn. R. Lonsdalii, Howse ; Fenestella Permiana, King.

Interesting fragments of this scarce species occur, along with the

two preceding, in the Freestone Quarry at Brodsworth.

4. Stenopora Mackrothi, Geinitz, Grundriss der Versteinerung.,

p. 582.

Small specimens of simple and branched stems of this species occur

among the debris of Acanthocladia anceps. In the Brodsworth

Freestone Quarry the examples are always sections, some of which
show the internal arrangement of the cells very clearly. At Hampole
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I have taken it in minute globose and egg-shaped masses, one of

which has a spine-like body for an axis.

Loc. Lower Limestone; Freestone Quarry, Brodsworth, and
Hampole.

Entomostraca.

1. Cythere (Bairdia) plebeia, Reuss, Jahresbericht der Wetterau.
Gesell. 1854, p. 67.

Syn. G. (Bairdia) curta, Jones (not McCoy).
Several specimens of this species have occurred in the Lower

Limestone at Hampole, and amongst them the varieties elongata,

Neptuni, and compressa. Also a single specimen of the variety

ventricosa at the neighbouring locality of Moorhouse.

2. Cythere (Baikdia) Schatjrothiana, Kirkby, Ann. & Mag. Nat.

Hist., ser. 3. vol. ii. p. 329, pi. 10. f. 14; and Trans. Tynes. Nat.

Field-club, vol. iv. p. 147, pi. 9. f. 14.

A single specimen of this species occurred at Hampole.

3. Cythere (Bairdia) ampla, Reuss, Jahresb. Wetter. Ges. 1854,

p. 68, f. la, lb.
A fine example of this species occurred to me in the Lower Lime-

stone at Hampole, and has been noticed and figured by Mr. Jones

in the Transactions of the Tyneside Naturalists' Field-elub (vol. iv.

p. 166, pi. 11. figs. 19 a, 19/).
Its only other locality in England is in the Upper Limestone of

Durham at Byers' Quarry, where it is a rare fossil.

4. Cythere (Cytherideis) Jonesiana, Kirkby, Ann. & Mag. Nat.

Hist., ser. 3. vol. ii. p. 432, pi. 11. figs. 1, 2 ; and Trans. Tyne.

Nat. Field-club, vol. iv. p. 151, pi. 11. figs. 24, 25.

Syn. Bairdia gracilis, Reuss (not McCoy).
Occurs rarely at Hampole.

5. Kirkbya Permiana, Jones, Monog. Perm. Foss. of England, p. 66.

pi. 18. fig. 1 ; and Trans. Tyne. Nat. Field-club, vol. iv. p. 129,

pi. 8 a. figs. 1-9.

I have only met with this species once at Hampole. The specimen

found agrees in size and general character with those of the Shell-

limestone of Durham ; the sculpture of the valves is well marked.

The specimens of Entomostraca which I have obtained at Hampole
are pretty well preserved, and are generally perfect carapaces*. One
of the beds at this locality is very friable, and decays rapidly by the

action of the weather ; and it is in the debris thus formed that I have
found most of my Yorkshire examples of this class.

FoRAMXNIFERA

.

1. Miliola ptjsilla, Geinitz, Sp. Verstein. Zechstein. und Roth.,

p. 6, pi. 3. figs. 3-6.

Rather common at Hampole along with the Entomostraca. In

* The locality ofHampole is so often mentioned in this memoir, and is so well

worthy of further search, that I may remark that it refers to a little old quarry

by the side of the road leading from Doncaster to Wakefield, a short distance to

the west of the Tillage, and not far from the Swan Inn.
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most cases oval-shaped and flat ; the coils approximating more
or less to a regular arrangement on one plane, as in Sjmillina.

Barely disk- shaped, simulating (?) the Spirillina. Occasionally-

more globose or cylindrical in form,—the coils overlapping irre-

gularly, as generally occurs in Durham examples. The coils are also

narrower, and the general habit of the specimens less robust than
in Durham examples.

Usual size: ^-Lth in. long, -gL-th in. greatest width, A^ in. least

width; largest specimens, -jLth in. long, ,-L-th in. greatest width,

J^-th in. least width.

In Yorkshire it only occurs at Hampole. It is not rare in the

Shell-limestone of Durham, nor in the Unter Zechstein of Germany.

The surfaces of slabs in the Broth erton Beds are often covered with

the remains of an obscure fossil which probably belongs to the Algce.

The fragments are filiform, linear or slightly curved, cylindrical or

rather compressed, rarely branched, about an inch in length when
longest, but generally shorter, and about ^th of an inch or less in

breadth. They are often of a brown or reddish tinge—the surface

of the slabs being grey or yellowish—and stand out in relief. They
show no trace of structure ; and they not only occur on the surface

of the slabs, but in the substance of the beds.

These are often associated with Axinus dubius. At Knottingley

the fragments are arranged linearly, with their longer axis in one

direction, as if by the influence of a current. Indeed the imperfect

condition of the specimens, and the manner in which they are

scattered over the surface of the slabs, woidd seem to indicate that

they were all more or less subjected to drift-action.

In the Upper Limestone of Durham—the equivalent of the

Brotherton Beds—obscure remains of Algce similar to those under

notice likewise occur, and they are also associated with the same
shell. These remains are in a carbonized state, and are scarcely so

much broken up as those of Yorkshire, but they possess much the

same character as the latter, and it is not improbable that they may
belong to the same species.

The obscure fossils resembling Serpula or Dentalium, noticed by
Prof. Sedgwick in the Brotherton Beds at Cold Hill, near Aberford*,

are probably identical with this fossil.

Loc. In Brotherton Beds at Knottingley, Pickburn Leys, and

Wadworth.

The occurrence of another fossil, of somewhat obscure affinities,

though possibly an Annelid, may here be noticed.

It is a cast of a laterally compressed tube, 3 inches long (neither end

being perfect), -fths of an inch in longest width, and^ths in shorter

width. It is slightly arcuate longitudinally, and has an oval, or

rather ovate section transversely—the convex edge being more

flatly rounded than the other. Between the cast and the investing

matrix there is a slight space, which appears to have been originally

occupied by the walls of the tube.

* Trans. Greol. Soc, 2nd ser. vol. iii. p. 118.
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A similar fossil has occurred in the Shell- and Compact Limestones

of Durham, agreeing in most respects with the one described.

Loc. In Lower Limestone at Hampole Stubbs, and from a

roadside stone-heap between Hampole and Hooton Pagnell.

The following table gives a synoptical view of the Permian species

of South Yorkshire, and shows their general distribution in the

Permian deposits of Britain :

—

South Yorkshire. Durham.

Names of Genus, Species, &c.

z
fcc

s |
Lower

Limestone.

Small-grained
Dolomite.

Brotherton

Beds.

Bunter

Schiefer.

Rothliegendes.

Marl-slate.

Compact

Limestone.

|

Shell

Limestone.

Upper

Limestone.

Bunter

Schiefer.

N.W.

of

England

(Lancashire

Beds).

Ireland.

!

1

1 * NautilusFreieslebeni, Geinitz
* Turbo kelicinus, Schloth.

* * *
2

...

* * *
3 * *

4 Turritella Altenburgeusis,

Geinitz

5 Chemnitzia Roesleri, Geinitz.

Straparollus Permianus,
King

... * *
6

*
7 Natica minima? Brown *

*
*

8 * Chiton Loftusianus, King
9 * Dentalium Sorbvi, King * *
10 * Monotis speluncaria, Schloth.

* Grerviuia antiqua, Miinst.11 * *
12 * keratopbaga, Schloth.

* Mvalina Hausmanni. Gvlclf.

Myoconcha costata, Brown.
* Macrodon striatus, Schloth.

*
13

14
*

*
#

*

if

#

*

*

15 *
16 Lecla speluncaria, Geinitz * * *
17 * Aximis dubius, Schloth. var.

obscurus, Sow * * * * * *

18
,

, new variety

Cardiomorpha Pallasi, Bt
Fern *

19 * Terebratula elongata, Schloth

Acantboeladia anceps, Schloth
Thamniscus dubius, Schloth.

Retepora Ehrenbergi, Geinitz

Stenopora Mackrothi, Geinitz

Cythere (Bairdia) plebeia,

Reuss

*
20 *
21 * ;;-

oo
*

23 * * * *
24

* * *
25 ——

- Scbaurothiana,

*
26 ampla, Reuss. . * #
27 ——- (Cytherideis)Jonesiana,

Kirkby * *
28 Erkbya Permiana, Jones . * * *
29 Miliola pusilla, Geinitz * * *
30 *?Sp. undetermined (Alga) ...

Sp. undetermined (Tubular
fossil "1

* *
31
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Those species with asterisks on their left have been previously

noticed by Professors Phillips, Sedgwick, and King, as occurring in

Yorkshire.

It is stated by Prof. Sedgwick that Productus horridus (or P.calvus)

was found by him in the " upper thin-bedded limestone " between

Nosterfield and Well*. It is very difficult to doubt the observation

of Prof. Sedgwick ; but I can scarcely help doing so in the present

instance when I consider the utter absence of Brachiopods in all the

Upper Permian Beds, not only of England, but of Western Europe

generally.

§ V. Distribution of the Fossils.—This list of fossils contains all

that are yet known to occur in the Permian rocks of South Yorkshire.

Without including the localities searched by Profs. Sedgwick and
Phillips, it represents the result of an examination of not less than

twenty fossiliferous localities visited by myself. If we add to these

the localities examined by the geologists named, and not visited by
me, and consider that they only met with one species which I have
not found, I think we may almost conclude that the list given takes

in most, if not all, of the common fossils of the district. Nevertheless

it is not to be doubted that a more continued search would add to the

number of species, and improve our knowledge of them generally.

It will be apparent enough from this list that fossils are only found

in two subdivisions—in the Lower Limestone and the Brotherton

Beds. And it will be just as apparent that nearly all the species

are confined to the Lower Limestone, only three occurring in the

Brotherton Beds. What we know, therefore, of the fossils of the

Permian rocks of this district is in the main derived from a single

subdivision belonging to the inferior half of the series.

A. Fossils of the Lower Limestone.—In the Lower Limestone the

best localities for fossils are in the oolitic, and what I have termed the

polyzoan beds. Eossils are found throughout the whole of the various

beds of this member, but are most plentiful, both in species and
individuals, in the beds mentioned. They are not, however, well

preserved, being in most cases casts merely, those of Hampole being

the chief exception. The best localities—those most rich in species

and individuals, and where the latter are most finely developed and
best preserved—that I had the opportunity of examining are the old

quarries at Hampole, Hampole Stubbs, and Moorhouse, the Free-
stone Quarry near Brodsworth, and the Holywell Hill Quarries at

Conisborough; all of which would certainly repay further examination,

and particularly the continued researches of a local geologist. In all

localities the Conchifera are generally found in single valves. This

holds good with every species of this class f. The Polyzoa too are

* Trans. Geol. Soc, 2nd ser. vol. iii. p. 108.

t The dislocation of the valves of fossil Conchifera does not necessarily imply
that they were subjected to the action of currents, and probably transported from
distant regions prior to their being imbedded in sediment and fossilized. In
most cases when a Conchifer dies and its adductor muscles relax, the valves of its

shell spring open more or less by the elasticity of the ligament. And should the

valves thus remain for a moderate length of time uncovered by sediment, the

ligament and fleshy portion of the Mollusk decay, or are otherwise removed, and
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always more or less fragmentary. The Gasteropoda seem to have
suffered no injury prior to inhumation. In several places the spe-

cimens, even as casts, are so badly preserved as scarcely to be

determinable. This ajjpears to result from two causes,—sometimes
being apparently the fault of the investing matrix, whose preservative

qualities have been poor ; and at others it is owing to the distortion

of the specimens by compression during the process of fossilization.

The most remarkable instance of the latter kind that I have met
with is near to Hampole Stubbs, where there is a bed of compact
brown limestone full of Axini pressed flat, and, in consequence,

broken into many pieces. I observed another example of this kind
at Conisborough, where Terebratula elongata, which is not a rare

shell there, and of rather large size for Yorkshire, is almost invariably

more or less distorted by pressure, while the shells of other species

—

Gasteropods and Conchifers—are scarcely ever similarly affected. In
this case the Terebratula} must have been less able to resist the amount
of pressure to which the organic remains of this locality were sub-

jected than their associates. And perhaps this may be explained, in

the first place, by their much thinner shell, and in the second, because

of their having been imbedded with closed valves, their dental system
not allowing the easyopening or dislocation of thevalves after the death

of the Mollusk, whichwould thus prevent the entrance of sediment into

the cavity of the shell, to the great disadvantage of the valves resisting

the pressure of the gradually increasing superincumbent mass.

Moorhouse.—One of the most interesting localities is an old quarry

near to the hamlet of Moorhouse, where Axinus dubius occurs in

great profusion, and most finely developed, both in respect to size,

thickness of shell, and general character. Its peculiar umbonal
ridges are very finely displayed in the casts of this locality. Several

other species likewise occur, and amongst them some of the rarest

of the Yorkshire forms. The limestone is oolitic ; and there is one

bed in particular which contains the fossils most abundantly ; its

position is only seven or eight feet above the Lower Red Sandstone,

which is exposed in the same quarry.

Hampole.—About half a mile to the east of the preceding locality

is another old quarry, of very ignoble appearance, at Hampole, where
there are some beds of fossiliferous limestone apparently situated a

little above the oolitic beds of Moorhouse. From this spot I have

obtained seventeen species, and many ofthem are immature and some-
what dwarfed. Axinus dubius, which is so large at Moorhouse, is here

never more than half-an-inch in width. And Turbo helicinus, which

all connexion between the valves ceases, in which state they wonld subsequently

be imbedded, were a deposition of sediment to take place before the decay of the

valves themselves. It is extremely probable that this is one of the causes of the

valves of fossil Conchifera so often occurring detached. When shells of this

class are found fossilized with their valves closed and in perfect juxtaposition, it

is natural to suppose that their ligament was slight and of little strength, or that

they were burrowers. or, at least, if not burrowers, that they had been enveloped

in sediment while living; so that, on the relaxation of the adductor muscles from

death, the valves woidd be kept closed by the external pressure of the siuTounding

secliment.
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is the common fossil of the locality, is only one-fourth its usual size.

The molluscan remains are mixed with comminuted Polyzoa, chiefly

of the species Acan. anceps, the fragments being very small, though

numerous. As it happens, however, the reduction in size of the

fossils is accompanied by an improvement in their state of preserva-

tion, and particularly in respect to the Univalves, which are generally

testiferous. So numerous are these minute fossils in some parts of the

quarry, that the quantity of them that occur in a small portion of

matrix is most surprising, a fact rendered easy of proof by the

friable nature of the matrix. As illustrative of this, I may mention

that in but a quarter of an ounce of limestone I have picked out

298 separate organisms, the majority being specimens of Turbo heli-

cinus. Another experiment of a like kind, the quantity of limestone

being the same, yielded even more astonishing results. From it I

extracted 461 specimens of T. helicinus, 18 of Turrit. Altenburgensis,

7 of Pis. Leighi, 2 of Terebrat. elongata, 1 of Bairdia plebeia, 24 of

Miliola pusilla, and 8 fragments of Stenopora Mackrothi ; in all 513
organisms. A cubic foot of this limestone of equal richness as the

latter throughout, and supposing it to weigh 120 lbs. (a low estimate),

would contain very nearly 4,000,000 of distinct individuals

—

and these not truly microscopic, but distinguishable with the naked
eye, most of them being Gasteropodous Mollusea. All the limestone

of this locality, however, is not so highly fossiliferous as in these

examples, there apparently being certain zones of limestone that are

pre-eminently fossiliferous. Besides illustrating the extreme abun-
dance of these minute fossils, the above facts give a good idea of the

relative abundance of individuals belonging to the different species.

They show that Turbo helicinus is by far the most common form, and
that its individuals outnumber many times over the aggregate of those

of all the other species. And this is the only instance I have met with

where the Gasteropod in question, though very generally distributed

in the Lower Limestone, has taken the leading place among the fossils

of a locality. And, besides, this is the only locality in Yorkshire—per-

haps in England—where Gasteropoda hold so important a position in

the list of species, about half of the3Iollusca being species of this class.

Near Brodsworih.—Another interesting locality is near to Brods-
worth in some old quarries just to the west of the village, where the

beds belong to the higher part of the Lower Limestone. The pre-

dominating fossil here is Gervillia antiqua, its casts composing almost

the whole of the substance of some of the beds. This species is just

as common here as Axinus dubius is at Moorhouse, or Turbo helicinus

at Hampole. And the beds in which it is so plentiful are probably

identical with those at Wentbridge, Pontefract, etc., where we have
noticed it as occurring in similar profusion. Along with the Gervil-

lice are to be found the remains of a few other species, amongst which
(rarely) are those of Nautilus Freieslebeni and Chiton Loftusianus.

Near Pickbum.—Between Pickburn and Marr there is a quarry
called by the villagers the "Freestone Quarry* "—of thick-bedded

* In the south of Yorkshire any stone that can be easily worked by the mason
is termed a "freestone." In Durham this term is only applied to sandstones.
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oolitic and polyzoan limestone, from which I obtained an interesting-

suite of fossils. The common fossil is a Polyzoon—Acantliocladia

anceps. The associated species, among which are those mentioned as

the common fossils of other localities, are all of subordinate importance
in respect to individual distribution. Besides the species of Polyzoa

named, three others have occurred to me in the polyzoan beds, two of

which (Retepora Ehrenbergi and Thamniscus dubius) are peculiar to

it. The beds in which the Polyzoa are so profusely distributed

scarcely ever contain species belonging to other classes.

I chiefly notice these fossiliferous localities in detail to draw some
attention to the manner in which different species characterize certain

localities. In some cases this seems to be due to the localities repre-

senting different horizons of the Lower Limestone, consequently differ-

ent periods of Permian time, which in this area were characterized

by the prevalence of different common species. This is certainly

the case with the Moorhouse and BrodsAvorth localities, whose
vertical position in the series it is not difficult to test, the former

evidently underlying the latter. In other instances the differences

observed appear to be merely those of geographical distribution

;

as, for example, that of Hanipole and the Freestone Quarry
near Pickburn, the beds of both appearing to be of the same relative

position. To the palaeontologist these groups of species and their

differences are of particular importance—just as much, perhaps, as

the larger groups (and their differences) belonging to different

formations of strata : for, as the one tells of great and wide-

spread changes in the relations of ancient life during the elapse of

immense ages, so does the other of the small and limited changes

which happened during shorter periods, and from which the first

eventuate.

The species that are found furthest down in the Lower Limestone

are Axinus dubius and QerviUia antiqua. Casts of these shells

(those of the former being most prevalent) occur in the lowest beds of

compact and earthy limestones immediately above the llothliegendcs

at Carlton, Wentbridge, and Pontefract (Bagg Hill). Other species

soon appear in the beds that follow ; but for some feet upwards
Aocinus dubius holds its own, and increases in size and numbers,
until it attains its maximum in certain strata, not so very far above

the sandstone as at Moorhouse and Conisborough. In the succeeding

beds GervUlia antiqua becomes very numerous and takes the place of

the other as common species. Near about the same horizon as the

latter, or possibly a little below it, are the beds in which Acantliocladia

anceps is so common in the region between the Don and the Went.
Above these beds and in the highest portion of the member, fossils

become rarer, and the species that occur are more equally represented.

The assemblage of fossils at Hampole is, perhaps, the most curious

of any that occurred to me in South Yorkshire. As already remarked,

it is chiefly composed of Univalves, all of which are minute, their

small size being due in the case of Turbo helieinus, Turritella Alt-en-

burgensis, and one or two others, to the immature condition of the

specimens, which are invariably young and somewhat dwarfed
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individuals. The associated specimens of Bissoa Leighi, Natica

minima, and Straparollus Permianus are mature individuals, so far

as the development of these species is known to us from their occur-

rence in the Permian strata of other districts. The latter, however,

are smaller species than the former, and their individuals are of

about similar gravities as the immature examples of the first-named

species. Hence when we consider their great numbers, smallness, and

general uniformity of size, and the comminuted state of the Polyzoa

that occur along with them, it seems likely that we have here an
instance of the accumulating action of currents. It is easy to

understand how a submarine current of a certain power, passing over

a sea-bottom strewed with various forms of marine life, could sweep

away those organisms whose specific gravities it could overcome to

some region more or less distant, where its force became spent or

lessened, and there deposit them in quantities as countless as those of

Hampole. If its power never exceeded a certain limit, the larger and

more weighty organisms would not be removed, while the smaller, if

unattached and not otherwise held down, would be carried off ; and
supposing the currents were periodical and occurring only at stated

seasons, hosts of young shells at a particular stage of development

might be swept away at intervals. It must certainly be allowed

that the fossils individually show no perceptible traces of such a

removal, though to what extent traces of this kind in the shape of

abrasion, etc., would be perceptible in the case of transportation over

a soft sea-bottom, such as the Lower Limestone in the course of

deposition would surely form, does not appear, though we can readily

conceive that they would possibly not be very evident. There may
be other ways of accounting for the aggregation of so many minute
Univalves in one locality ; but I certainly know of none that so well

explains the facts of the case as the one suggested. JSbr do I know
of any other instance in the Permian deposits of Yorkshire and
Durham, where we seem to have such indications of the influence of

ancient submarine currents in the distribution or rather accumulation

of their organic remains.

The polyzoan beds also seem to be at first sight an accumulation of

drifted materials. This is only a natural surmise on finding so

fragmentary an assemblage of remains as those which enter so largely

into the composition of these strata. Nevertheless I am disposed to

consider them the remains of Polyzoa that lived where we find them,

and that the range of the beds marks the site of an ancient ground
or zone altogether (or nearly so) peopled by Polyzoa,—where they
lived and died generation after generation for a long period, the latter

generations growing on a sea-bottom composed of fragments of the

polypidomsthatpreceded them.until at last, owing to reasonsunknown,
their growth ceased after the accumulation of several thick beds of

their remains. This I think is proved by the fossils belonging nearly

altogether to Polyzoa. Had they been accumulated by the action of

a current sweeping over the bottom of the sea, there would surely

be observed amongst them a greater mixture of other species, more
especially as we know that there were several others which helped
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to people the sea-bottom of the South Yorkshire region during the

aggregation of the beds.

B. Fossils of the Broiherton Beds.—Little can be said relative to

any peculiarities in the distribution of fossils in the Brotherton Beds.

The chief feature is most certainly their great paucity both specifi-

cally and individually. The three species which occur in them are

generally associated ; when any one of them is found alone, it is

Accinus dubius. Their occurrence is not general throughout the

vertical thickness of the beds, there being many of the strata quite

unfossiliferous. They characterize certain strata, and on the upper
surfaces of these they are often rather thickly strewed. The
size of the two Conchifers which occur is greatly reduced in the

Brotherton Beds, more particularly in the case of Ax. dubius. Here
it never exceeds half-an-inch in width, while in the Lower Lime-
stone it is at times fully two inches. It also shows slight modifica-

tions of form, approaching in outline the variety Schlotheimi of

Geinitz, though somewhat intermediate between it and obscurus.

The only species peculiar to these beds is the Alga already noticed.

§ VI. Permian Fossils of South Yorkshire compared with those

of Durham.—An examination of the preceding table shows that all

the species, with the exception of two, occur in the Permian beds of

Durham ; and both of these are found in the Lancashire beds. It is

thus seen that none are peculiar to South Yorkshire. It is also

evident that most of the species are not confined to the British area,

several being among the most sporadic of Permian species. Out of

the 31 species 25 are common to Germany and Britain, most of

which existed in the former region at the period of the Lower Lime-
stone. Ten species are common to Russia and Germany, and a less

number (4) to Russia, Germany, and the Permian strata of North
America. The Conehifera, along with the Cephalopod and the Bra-
chiopod, are all extra-British ; two-thirds of the former and each

of the representatives of the latter classes range through Germany
into Russia. All the Polyzoa are German ; but none are Russian.

The Entomostraca, with one exception (Bairdia Schaurothiana), are

German, one (Kirhbya Permiana) having also Russian varieties.

The Rhizopod is a Zechstcin species. The species most confined in

their range are Gasteropods. Of the members of this class only one

is Bussian, 5 are German, and 3 are peculiar to Britain. In all,

5 species appear to be confined to the British area.

Compared with the Permian fauna of Durham—taking it at its

maximum development during the deposition of the Shell-limestone

—the groiip of species found in the Lower Limestone forms but a

meagre life-group so far as number of species is concerned. The
number of species composing the former is 118, while of the latter

there are only 31. This does not, however, prove a rarity of life in

the Yorkshire area ; for the fewness of species seems to have been

counterbalanced in some degree by a greater individual abundance,

—the remains of GervUUce at Wentbridge, ifec, and of Turbo helicinus

at Hampole, exceeding an)i;hing of the kind to be observed in the

most fossiliferous localities of Durham. The chief differences are
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absences, that of Brachiopoda being the most notable. In the most fos-

siliferous localities in Durham, Brachiopods are the commonest fossils.

In Yorkshire the only species of this class that occurs is almost among
the rarest. The two common Polyzoans of Durham

—

Fenestella reti-

formis and Synocladia virgulacea—are also wanting, their places being

apparently taken by Acanthocladia anceps. The commonEchinoderm
of Durham is absent, as are also other species too numerous to name,
several of which are common forms in the Durham beds. On the other

hand, Nautilus Freieslebeni, Chemnitzia Roessleri, Straparollus Per-

mianus, Chiton Loftusianus, Monotis speluncaria, Macrodon striatus,

Terebratula elongata, Acanthocladia anc&ps, Retepora Ehrenbergi,

Miliolapusilla, as well as others that are common to both fauna?, and
which in Durham and Germany are confined to the lower and middle

subdivisions, form a most intimate relationship between the two, and
afford strong palseontological evidence—were any wanting—of the

inferior position in the series of the deposits containing the Yorkshire

group of species.

But to form a just comparison with the Durham fauna, we must
take it as developed during the deposition of the Compact Limestone,

the equivalent—in great measure—of the Lower Limestone. But
before doing this, it may again be pointed out that the fossils of the

Compact Limestone do not represent the earliest traces of Permian
life in Durham, as do those of the Lower Limestone in Yorkshire.

In the latter county the deposition of the Lower Bed Sandstone or

Bothliegendes was immediately followed by that of the Lower Lime-
stone ; at least there was no intermediate deposition. In Durham a

deposit of semicalcareous, semiargillaceous sediment followed that

of the Rothliegendes, and preceded that of the Compact Limestone
—thus separating the two deposits by a few feet of calcareous shale,

which has been named the Marl-slate. It was during the deposi-

tion of this shale that animal life may be said to have first appeared

in the Durham area during Permian time,

—

Lingula Credneri, Dis-

tinct KonincM, and Myalina Hausmanni, with several Fishes, forming

this avant-garde of the larger fauna that afterwards peopled the

same area. I have little doubt that these species were contempora-

ries with those of the fauna of the Lower Limestone, though only for

a season ; for on the commencement of deposition of the Compact
Limestone, another set of species gradually took their place, and be-

came in turn contemporaries of the same Yorkshire species, which
continued to people the Yorkshire area while the changes noticed

were occurring in Durham. And it was not until the era of the

Compact Limestone that the physical conditions of the Durham area

became analogous to those prevailing in the area of Yorkshire, and
that the distribution of species therein became, like those of York-
shire, of an unquestionably marine character. It is, therefore,

chiefly with them that we have to do in comparing the contem-
porary faunae of the two districts.

As far as we are acquainted with the fossils of the Compact Lime-
stone, they amount to 31 species, thus forming a group of equal num-
ber with those of the Lower Limestone. A list of these species is
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given in the following table, the Mollusca and Polyzoa of the Lower
Limestone being placed in juxtaposition for the sake of easy

comparison :

—

Compact Limestone (Durham).

Dentalina Permiana.
Miliola pusilla.

Kirkbya Permiana.
Retepora Ehrenbergi.

Acanthocladia anceps.

Fenestella retiformis.

Stenopora Mackrothi,

Synocladia virgulacea.

Lingula Credneri.

Disciha Konincki.
Productus horridus.

Strophalosia lamellosa.

Goldfussi.

Streptorhynchus pelargonatus.

Spii'ifera alata.

Caraarophoria crumena.
globulina.

Spii'ifera Urii.

Terebratula elongata,

Monotis speluncaria,

Gervillia antiqua.

Axinus dubius.

Myoconcha costata.

Leda speluncaria.

Astarte Vallisnieriana,

Tunstallensis.

Solemya biarmica.

norma lis.

Pecten pusillns.

Myacites lunulata.

Pleurotomaria Yernenili.

Lower Limestone (South York-

shire)*.

# K. Permiana.
# Retepora Ehrenbergi.

* Acanthocladia anceps.

* Stenopora Mackrothi.

Thamniscus dubius.

Nautilus Freieslebeni.

t Platysomus striatus.

* Terebratula elongata.

* Monotis speluncaria.

* Gervillia antiqua.

* keratophaga,

* Axinus dubius.

* Myoconcha costata.

* Leda speluncaria,

Myalina Hausmanni.
* Cardiomorpha Pallasi.

* Macrodon striatus.

Turbo helicinus.

Rissoa Leighi.

Turrit. Altenburgensis.

* Chemnitzia Roessleri.

Natica minima,
Chiton Loftusianus.

* Dentalium Sorbyi.

* Straparollus Permianus.
* Nautilus Freieslebeni.

It is thus seen that 11 species are common to both groups,

amongst which are the Cephalopod, 5 Conchifers, the Brachiopod,

3 Polyzoans, and 1 Entomostracan. "When we consider the nearness

of the two areas—their distance apart being only about 80 miles

—

* The species marked with asterisks occur in the Zechstein.

t The list of species from the Compact Limestone is based upon the researches
of Prof. King, Mr. Howse, Mr. Manson, and Mr. Parker.
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so slight an admixture of species is a matter of surprise, particu-

larly when an examination of the fauna of the Unter Zechstein, *

which appears to have been of contemporaneous deposition with the

Compact Limestone of Durham and the Lower Limestone of York-
shire, shows that 21 of the Yorkshire species (viz. 1 Cephalopod,

3 Gasteropods, 8 Conchifers, 1 Brachiopod, 3 Polyzoans, 4 Entomostra-
cans, and 1 llhizopod) were distributed in the German area during

the same period.

In the Yorkshire fauna 9 of the species are Gasteropods ; in that

of the Compact Limestone there is only a single member of the same
class. In the Compact Limestone fauna 11 of the species are Bra-
chiopods; in the other there is only one. It is in these respects

that the two faunae differ most. Five out ofthe 9 Yorkshire Gonehifera

occur in the Compact Limestone : among them are the two common
species Ax. dubius and Gerv. antiqua ; but neither of these shells

is common there. The most common shell of the Compact Limestone
is Productus horridus. No species is so common as it

;
Stroplialosia

lamellosa, Sjpirifera alata, and Gamarojohoria crumena being next in

the list of common species. Acanihocladia ariceps, the common Poly-

zoan of the Lower Limestone, is not rare in the Compact Limestone,

but the place of the common Polyzoan is there taken by Fenestella

retiformis. One of the Yorkshire Entomostraca is found in the

Durham subdivision. The Bhizopod Miliola pusilla is common to

both faunas, it being accompanied by a Dentalina in the Compact
Limestone.

In these differences, in two contemporaneous assemblages of Per-

mian species, we have a good illustration of some of the peculiarities

that pertained to the distribution of marine life in palaeozoic times.

It is thus shown that, according to present researches, there is only

about one-third of the species of each fauna common to both groups,

thus leaving about two-thirds that are peculiar to each. And it

may be remarked that,, though all the species peculiar to the South

Yorkshire assemblage, except two, were afterwards distributed in

the Durham area during the Shell-limestone period, it woidd yet

appear that none of those peculiar to the Durham group were ever

common to the other. We can scarcely refer these differences

to the result of geographical distribution of species, for we cannot

but consider that the Permian deposits of Durham and Yorkshire

were accumulated in the same sea ; so that it would be perfectly

unwarrantable to ascribe differences so great in specific distribu-

tion to an agency of this kind, when the two regions were so

nearly situated and the nature of the sea-bottom the same. To
changes belonging to the distribution of species in depth, however,

the differences would easily seem referable; it being now well

known that great differences obtain in the distribution of marine

life as the zone of depth varies, even with short distances. I would
therefore refer the differences observed in these local faunae to a

change in the conditions of depth of sea existing in each area, while

their respective deposits were accumulating ; the difference being in

the greater depth of sea over the Durham area than to the south-

VOL. XVII.
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ward over the other. It is probable when we acquire a better

knowledge of the fossils occurring in the intervening range of

Permian strata in the northern half of Yorkshire, that the differ-

ences noticed may be found to be the result of gradual changes in

the distribution of species. And it is possible that still further

south other arrangements of species may obtain that are peculiar to

their own localities ; just as in the case of the two following local

faunae which, in all probability, had a contemporaneous existence

further to the west.

It is worthy of attention that several of the Yorkshire species,

which were of contemporaneous existence in Germany, appeared in

the British area first in Yorkshire. This is the case with Chemnitzia

Roessleri, Dentalium Sorbyi, Turbo helicinus, Straparollus Permianus,

Turritella Altenburgensis, and Macrodon striatus, which did not ap-

pear in the Durham area until the era of the Shell-limestone. It is

not very evident whether in the latter case the migration was from
the Yorkshire region or that of Germany ; but as other species ac-

companied these which do not occur in the Lower Limestone of York-
shire, though common to the Lnter Zechstein, it may be presumed
that it proceeded from the latter. Indeed, when we remember that

the Permian fauna attained its maximum in Germany during the

period of the Lnter Zechstein*, and in England not until that of the

Shell-limestone, it seems highly probable that a general migration

of species—or rather of their individuals, the species still continuing

in the old area—took place to the westward while the middle portion

of the Permian series was being deposited, especially as more than
half of the additions to the British fauna during the Shell-limestone

period were Lnter Zechstein species.

§ VII. Permian Fossils of South Yorkshire compared with those

of Lancashire.—There is another group of species with which it may
be well to institute a comparison. I refer to that belonging to the

Permian strata of Lancashire, whose geographical position is nearer to

the Yorkshire beds than that of the Compact Limestone, though
their vertical position in the series is not so well determined. This

little local fauna consists of only seven species ; three of these are

Gasteropods—viz. Turbo helicinus (with var. Mancuniensis), Pissoa

Leighi (with var. Gibsoni), and Natica minima. The rest, with the

exception of a Sponge (Tragos Binneyi), are Conchifers—viz. Gervillia

antiqua, Axinus dubius, and Myoconcha costata. Now all these

species, except the Sponge, occur in Yorkshire ; and all of them are

common species there, but the one just-named and Natica minima.
Two of the species we readily recognize as the most common of the

Yorkshire fauna. And two of the Univalves (Natica minima and
Eissoa Leighi) are in England only found in the Lancashire and
Yorkshire beds.

Therefore making every allowance forthesmallnessof theLancashire

group of species, there seems to be a much more intimate relation-

ship between it and the Yorkshire fauna (Lower Limestone), than

* See an excellent tabic of species occurring in the Zechstein of Germany, by
Baron von Schauroth, in the Zeitsch. d. Deut. geol. Gresell. 1854, pp. 569, 574.
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between the latter and the Durham fauna during the Compact Lime-
stone era. It is certainly difficult to attempt comparisons with so

small a group of species, which may or may not give a fair idea of

the original distribution of life in that area, though I incline to the

former opinion. We see, however, the same ascendency of Gastero-

pods and Conchifers, and the same rarity of Brachiopods that obtain in

the fauna of the Lower Limestone of Yorkshire. And in these respects

we might almost argue a similarity of physical conditions prevailing

in the two areas. But the absence of Polyzoa and the great redac-

tion in the number of species point to a difference as great perhaps

as that which existed between the conditions of the Yorkshire and
Durham areas. Between the Lancashire and the Durham faunae, that

of Yorkshire holds an intermediate place. Its zone of depth, as

already remarked, was apparently not so great as that of the Compact
Limestone, though decidedly greater than that of the sea of the Lan-
cashire area. The fauna of the latter appears to have existed on the

argillaceous and semicalcareous submarine mud-flats that lay off the

coast of a Permian land-area ; the Yorkshire fauna certainly existed

further away in deeper water and within the limits of regular depo-

sition of calcareous sediment, though still towards the shallower

zones of that region ; the fauna of the Compact Limestone of Dur-
ham seems to have dwelt still further seaward, where the depth was
greatest. These conclusions are in perfect harmony with the teach-

ings of a more comprehensive view of the Permian deposits of Bri-

tain ; for an examination of them leads to the opinion that the sea

which covered so much of the British area in Permian times, deepened

to the north and east and shallowed to the south and west. This we
may easily prove by tracing the Permian strata from the north-east

corner of Durham south and westward, noting the gradual change
from magnesian-calcareous deposits to others which are argillaceous,

arenaceous, and conglomeratic,—these lithological changes being

likewise accompanied by analogous changes in the distribution of

the remains of organic life, there being at the one extreme (Durham)
a deep-sea fauna in calcareous strata, and at the other (Bristol) a

conglomerate charged with the remains of Beptiles.

As before stated, the exact horizon of the fossiliferous beds of the

Lancashire series has not been determined ; nor is it easy to do so.

But it may be suggested that, as the beds in question (which are thin

limestones and marls) most probably represent the period of greatest

depth of sea attained in the Lancashire area in Permian time, being

the only calcareous beds of the series, they may easily be of synchro-

nous deposition with the Lower and Compact Limestones, which are

considered to be representatives of the same period in their respective

areas. This would certainly be the case if the depression of sea-bot-

tom, which originated the increased depth of sea, arrived at its maxi-
mum in all parts of the British area at the same time : and, so far

as we know, there is nothing that seems to disprove that it did ; at

least it is much more likely, when we consider the nearness of the

Lancashire and Yorkshire areas, that they were affected alike and
attained their maximum depth of sea about the same time, than that

z 2
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they were affected differently and attained their maximiim depths

at widely different periods *. Granting the former, the comparison

we have instituted with the Lancashire fauna is attended with some
degree of interest ; for it then relates to a group of species of contem-
poraneous existence with that of the Lower Limestone, as in the case

of the Compact-limestone group.

I am aware that Prof. King has incidentally suggested that these

beds may possibly belong to the highest portion of the Permian
series. But, except the weight of his opinion (for which I make
every allowance), I see no fact that supports such a view. And
besides the argument already offered in favour of a different classi-

fication, there is the fact that four of the species ( G. antiqua, B.LeigJii,

N. minima, and T. Binneyi) never occur in the higher beds of the

Permian series in other parts of England. This might not be of

much consequence were the distribution of species at all variable in

the upper beds, so that we might expect to meet with species spe-

cially characteristic of certain localities ; but there is so great a

uniformity of distribution in the highest beds of the series—the very

reverse of that in the lowest—that the occurrence of species hitherto

found only in the inferior strata in beds of uncertain horizons would
certainly favour their classification with the lower rather than the

upper members of the series.

§ VIII. Permian FossihofIreland.—Butthegroup of Permian species

to which the fauna of the Lower Limestone approaches most closely is

that occurring in the magnesian limestone of Cultra and Tullyconnell

in Ireland, described by Prof. Kingf. This group consists of 11

species; and all of them with one exception (Cythere Tyronica) are

common to the Yorkshire fauna. Among the Mollusca are the com-
mon forms of the Yorkshire deposit, as Gerv. antiqua, Ax. dubius,Myo.

costata, Myal. Hausmanni, T. helicinus, Bis. LeigM, and Tur. Alten-

burgensis ; and among the other species there are also Sten. Mackroihi,

Hi. dubius, and Mil. jousilla. The two assemblages have very much
in common, the principal differences being deficiencies. In both

instances Conchifers and Gasteropods are the characteristic Mollusks ;

and in both, these classes are pretty equally balanced. The all but

absence of Brachiopoda in the one, and their absence in the other, is

another point of agreement ; and the representation of Polyzoa, Fo-

raminifera, and Entomostraea by species either identical or closely

related completes the similitude.

And it is quite possible, in my opinion, that this Irish group of

species may likewise have been of contemporaneous existence with

the fauna with which I am comparing it. The horizon of the Cultra

and Tullyconnell beds is certainly considered to be high in the series

by Prof. King, though, with deference to the Professor's opinion, I

would again suggest the possibility of a more appropriate classifica-

* I here argue on the usual assumption of calcareous beds being the deposition

of deeper sea than those of an argillaceous and arenaceous nature. That there

are exceptions to this it would be useless to dispute ; but as a general rule it pro-

bably holds good.

t 'Journ. Geol. Soc. of Dublin, vol. vii. p. 73-78.
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tion. In referring these beds to the highest member of the Permian
series as developed in the North of England, Prof. King relies on
their lithological, chemical, and palaeontological characters, all of

which are stated to offer a remarkably close agreement with the

equivalent features of the highest Permian member of the North of

England*. Now, in the first place, the lithological evidence of the

Upper Limestone of the North of England is of very little value as an

aid to classification. In proof of this I would refer to the Brother-

ton Beds of Yorkshire, which are as different lithologically from the

Upper Limestone of Durham as they are from any other Permian
limestone whatever, though their relative position and fossil remains

indisputably prove them to be of the same general horizon. The
lithological characters of the Upper Limestone of Durham are peculiar

to that county ; and so are those of the Brotherton Beds to the ad-

joining counties of Yorkshire and Nottingham. Indeed to take the

Magnesian-limestone group as a whole, I question whether there, is

any series of rocks whose lithological characters are so variable and

of so little value in the classification of its different parts. And
so it is with the chemical composition of the Upper Limestone. Even
in Durham alone, analyses of its different beds show as great a varia-

tion in the proportion of chief ingredients as do analyses of limestones

of different members. Besides, analyses of the underlying members
sometimes so nearly agree with those of the upper, as to destroy the

worth of all arguments for the identity of age of different beds from

their similarity of chemical compositionf . And in respect to the fos-

sils, there certainly does not seem to be much reason for considering

them as a group characteristic of the upper beds. Out of the 11

species that occur, 6 (viz. Sten. Mackrothi, Th. dubius, Gerv. antiqua,

Tur. Altenburgensis, Ris. Leiglii, and Mil. pusilla) have never been

found higher than the middle subdivision or Shell-limestone of Dur-
ham. And, as Prof. King has justly pointed out, the absence of

Polyzoa among the species occurring in the upper member is one of

the peculiar characteristics of its faunaj. Eor this reason I must
conclude that the occurrence of two species of this class in the Tully-

connell deposit is opposed to its being considered the equivalent of

that member. Eour of the species—viz. Ax. dubius, Myal. Hausmanni,

* Loc. cit. p. 79.

f I would refer to the following analyses in corroboration of this assertion.

The first is one of the Upper Limestone with which Prof. King has identified

the Irish deposit ; the other is one of the Compact Limestone, the most inferior

limestone member.

Upper Limestone, Hartlepool. Compact Limestone, Ferry Sill.

Carbonate of Lime 545 Carbonate of Lime 54*1

of Magnesia 44-9 of Magnesia 447
Oxide of Iron 03 Oxide of Iron 0-6

Earthy matter 03 Earthy matter 06

100-0 100-0

Greenwell's Mine-engineering, p. 17.

+ Mon. Perm. Eoss. of England, Introduction, pp. xiv, xvi ; and paper " On
the Occurrence of Permian Magnesian Limestone at Tullyconnell, near Artrea, in

the County of Tyrone," Journ, Geol. Soc. of Dublin, vol. vii. p. 60.
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Myoch. costata, and T. Jieliciniis—are undoubtedlycommon to theUpper
Limestone and the TuUyconnell deposit, though likewise common to

the inferior beds
;
and, had they occurred alone or with other species

also characteristic of the higher portion of the series, their evidence

woidd then have been more in favour of Prof. King's suggested

classification. But, as they are associated with other species, such
as Stem. MacJcrothi, Mis. Leighi, and Mil. pusilla, which, in all dis-

tricts where the succession of beds has been determined, are confined

to the lower and middle parts of the series,—and as they are them-
selves among the most common species of the lower beds in some
localities, it would appear pretty certain that the balance of palseon-

tological evidence supports a classification of the Cultra and Tully-

connell beds with the inferior rather than with the superior mem-
bers of the Permian series.

§ IX. The Zechstein.—Timewill not allow myattempting compari-
sons with the groups of speciesfound in the Zechstein of Germany; and
to do so would require a wider scope than the limit of this paper

permits. Comparisons, however, of this and of the other groups of

species found in the Permian strata of Britain with those of the

Zechstein would most assuredly bring to light many interesting facts

connected with the distribution of marine life, in time and space,

during the Permian era. The intimate relation which exists between
the marine fossils of the Permian rocks of Britain and Germany
proves them to be the remains of one fauna peopling the same geo-

graphical province or area of deposition. And to trace the various

phases in the histoiy of this fauna, its peculiarities of distribution

in space and in time, its development, and manifold relations, will

certainly be the work of some palaeontologist when our knowledge
of it and the strata containing it becomes more advanced.

§ X. Conclusion. IHstributionofthe Permian Fauna inTime.—After

the deposition of the Lower Limestone and during that of the Small-

grained Dolomite, it would appear as if there had been a total with-

drawal of species from the South Yorkshire area. During the same
period in Durham the Permian fauna was at its maximum. Thus
we have another most remarkable instance of local difference in the

geographical distribution of Permian species.

This exodus of species was in most cases permanent. Only two
are known to return during the deposition of the Brotherton Beds.

Others may certainly be undiscovered ; but so far as we know Axinus
dubius and Myalina Hausmanni, accompanied by one, or perhaps

two, species of AJgce previously unknown, are the only ones that

revisit the South Yorkshire area. During the early part of the same
period a few other species were associated with these in the nearly

adjoining region of Durham. But the Durham fauna, like that of

Yorkshire, was greatly reduced in number, both specifically and

individually, compared with its development in the preceding epoch.

Out of its 118 Shell-limestone species only 22 reappear in the Upper
Limestone, 6 new species appearing along with them. In the highest

portion of this member (at Roker and Hartlepool), the only species

that occur are the two Conchifers found in the Brotherton Beds, and







1861.] BUNBURY FOSSIL PLANTS, NAGPUR. 325

Turbo helicinus. In the equivalent strata of the Zechstein there is

a similar falling off in the distribution of species ; and the same forms

are the characteristic fossils there, Ax. duhius under its " Schlotheimi"

character being the most common. It would thus appear that in

the whole of the "West European area there was a most remarkable

decrease in the Permian fauna during the period of deposition of the

Upper Permian strata, the decrease being greater towards the close

than at the beginning of that period, and affecting the same classes,

and even the same species in most cases, in the different parts of

that area, thus leaving a similar though exceedingly meagre group

of species distributed throughout.

EXPLANATION OP PLATE VII.

Eigs. 1, 2, 4, 5, 6. Rissoa Leighi, Brown. Five specimens illustrative of its

variation of form
;
magnified about 14 times. Hampole.

Fig. 3. Rissoa Leighi, Brown. Young individual
;
magnified 16 times. Hampole.

Figs. 7, 8. Natica minima ? Brown. Outer lip of specimen imperfect
;
mag-

nified 12 times. Hampole.
Figs. 9, 10. Turritella Alienburgensis, Geinitz. Magnified 16 times. Hampole.
Fig. 11. Axinus dubins, Schlotheiin. New variety. Cast ; somewhat enlarged.

Moorliouse.

Fig. 12. Axinus dubius, Schlotheim. New variety. Cast ; somewhat enlarged.

Conisborough.

March 20, 1861.

The following communications were read :

—

1. Notes on a Collection of Fossil Plants from Nagpur, Central
India. By Sir Charles J. F. Bttnbury, Bart., F.R.S., F.Gr.S., &c.

[Plates VIII—XII.]
Introduction.—It is now some considerable time since the fine

collection of fossil vegetable remains from the district of Nagpur in

Central India, which had been presented to the Geological Society

by the Rev. Messrs. Stephen Hislop and Robert Hunter*, was en-
trusted to me for examination and description. Owing to the obscure

and equivocal character of many of these remains, the undertaking

proved more tedious than I had expected, and there still remain
many specimens to which I have not yet been able to give a thorough
examination. But, as particular circumstances make it unlikely

that I should, for some time to come, have sufficient leisure to

devote to this pursuit, I think it best to lay before the Society at

once the results of my inquiries as far as they have yet gone, rather

than to keep them back for an indefinite time in the hope of com-
pleting them. The present paper, therefore, will contain the descrip-

tion of all the Ferns in the collection, and of all those remains of

Stems and Leaves of other kinds which I have, to the best of my
ability, sufficiently examined; these altogether constitute nearly

* See Quart. Journ. Oeol. Soc, vol. xi. p. 348 and p. 369.
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three-fourths of the collection. The Fruits and Seeds, of which the

specimens are pretty numerous, but obscure and difficult to determine,

are reserved for further examination. I may observe, however, that,

though numerous in individuals, they seem to be little varied in form

and character, and present no outward evidences of a high organiza-

tion.

The general remarks which form the latter part of this paper

are founded, I must observe, not merely on the close examination

which I have given to the specimens herein described, but on a

general survey of the whole. It is possible that a more minute
examination of the remaining fossils (the Fruits and Seeds) may
partially modify some of the conclusions I have drawn,—but not, I

think, to any very material extent.

FEKNS.
1 (a). Glossopteeis Beowniasta, var. Indica, Ad. Brongn. Hist. Veg,

Foss. p. 223, pi. 62. f. 2. PI. VIII. figs. 1-4.

This, as appears from the very numerous specimens in the collec-

tion, is one of the most common plants of the supposed Jurassic beds

of Nagpur. Excepting one doubtful fragment from Kampti, all the

specimens are from Silewa<ia, and are very numerous, of large size,

and in a fine state of preservation
;
yet even among these it is not usual

to find a frond with both extremities perfect. One specimen, though

broken at both ends, still measures 14 inches in length, and must
have measured at least 17 inches when perfect. Another (almost

perfect) is 14 inches long; the largest I have seen is 16 inches

long in its present state (with the apex broken off), and must cer-

tainly have been 18 inches. On the whole, from a comparison of

numerous specimens from this locality, we may say that the full-

grown fronds were from 10 to 18 inches in length (exclusive of the

stalk), and seldom more than 2| inches in their greatest breadth.

The outline of the frond in all these fine specimens from SilewaYZa

is narrower, more lanceolate, and more tapering to a point, than in

Brongniart's original Australian plants, and even than in his figure

of the Indian variety (pi. 62. fig. 2). Like the Australian plant,

however, it always tapers very gradually to the base, passing almost

insensibly into the stalk (of which but a small portion is preserved in

any specimen that I have seen) ; and the greatest breadth is generally

above the middle. The apex of the frond, wherever it is preserved,

always tapers regularly into a very acute point.

The midrib is remarkably broad, but flatfish, and not very promi-

nent, strongly striated, tapering very gradually upwards, and reaching

quite to the point. Morris long since remarked (in Count Strzelecki's

• New South Wales/ p. 248) that the venation of the specimens

examined by him did not altogether agree with Brongniart's descrip-

tion, and that the reticulation of the lateral veins was not confined to

the neighbourhood of the midrib, but that they anastomosed

repeatedly at various distances between the midrib and the margin.

Brongniart has since repeated (in his ' Tableau des Genres de Veg.

Foss.') his original character of the genus, without taking any
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notice of Morris's remarks. My observations, however, both on the

Nagpur specimens and on the numerous Australian ones which I

have examined, agree with those of Morris. The lateral veins

(which are very fine and close) are repeatedly forked near the

midrib, and there form, by the anastomosing of their branches, a

conspicuous reticulation, of which the meshes are somewhat oblong.

Towards the margin they become nearly parallel, forking very

sparingly, and anastomosing at long intervals, so as to form very

long and narrow meshes ; but still they do anastomose here and

there, even to the margin. The venation of the New South Wales
Glossopteris agrees in these characters with that of the Indian plant

;

and one of Brongniart's figures (fig. 1 a, pi. 62) represents the veins

correctly, though somewhat at variance with his own description.

In the Nagpur specimens which I refer to this species, I find

some degree of variation in the fineness and closeness of the veins

—

such an amount of difference, indeed, occasionally, as might at first

sight seem to imply a distinction of species ; but there are so many
intermediate gradations that I do not find it possible to draw the

line. I think it probable that these differences may depend partly

upon the age of the frond, partly, perhaps, upon various conditions

attending the fossilizing process, as I have observed that the apparent

closeness of the veins in some recent Ferns is influenced by circum-

stances in the process of drying.

The position of the fructification is indicated in several of these

specimens by small round spots, very regularly arranged in 1 or 2
rows parallel to the margin—the outermost row at but a short

distance from the margin, the inner about half-way between the

outer and the midrib. When there is only one row, it is always
the inner one that is wanting. In these spots I can find no organic

structure at all, but only little lumps of the sandstone, as if not only

the sori themselves, but the very substance of the frond had decayed

or been displaced at these points. I think, however, from the regu-

larity of their form and arrangement, there can be no doubt that

they really indicate the places of the sori.

I perceive no trace of scales on the midrib or stalk of even the

best-preserved specimens.

M. de Zigno has expressed an opinion that the Glossopteris Brown-
iana had a compound or digitate frond, as the allied Sagenopteris

Phillipsii had ; indeed, he quotes a report that a specimen had been
found to establish this fact. I confess, however, that I can find

nothing in corroboration of his opinion. Among the numerous
specimens I have examined of the Indian Glossopteris (some of the

large slabs of stone from Silewarfa containing as many as ten or

twelve fronds), I can see nothing to indicate that the leaves were
portions of a divided or lobed frond, or were otherwise than simple

fronds, like those of our Hart's-tongue Fern, or of the Bird's-nest

Asphnium (A. nidus, L.). Neither can I find any different struc-

ture in this respect in the Australian specimens of Glossopteris that

I have seen, nor does McCoy mention any in his memoir.

Dr. McClelland (Keport of the Geological Survey of India, 1850) has
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indeed figured* a specimen of Ghssopteris which might at first sight

be supposed to show a digitate form of frond ; but on examination

of the drawing, it is clear that the leaves did not all grow in the

same plane, and that, instead of being leaflets of a digitate frond,

they are really simple fronds growing in a tuft (as is so common in

recent Ferns) from a short thick rhizoma. His description, too,

though not very clear, sufficiently indicates that he understood the

structure as I do. Such a specimen, nevertheless, ill understood,

may easily have given rise to the report quoted by De Zigno.

Notwithstanding this difference in the composition of the frond

between the typical species of Olossopteris and of Sagenopteris, I yet

agree with De Zigno in doubting whether the two genera are suffi-

ciently distinct. In specimens of Sagenopteris Phillipsii from
Scarborough, I find the venation so similar to that of the Australian

Ghssopteris, that it would be very difficult to found a generic differ-

ence upon this character. Some of the Indian forms of Olossopteris

certainly depart more widely from Sagenopteris in their venation

;

but there are others again, as I shall presently mention, which show
truly intermediate characters. The fructification of Sagenopteris is

still entirely unknown ; and it is possible that, when discovered, it

may prove the two genera to be quite distinct ; but in the present

state of our knowledge, I see no sufficient reason for keeping them
separate.

If it be thought expedient to reunite these genera, the name of

Ghssopteris certainly ought to be retained, as the older and per-

fectly unobjectionable.

On comparing this Indian Olossopteris with the common Austra-

lian G. Browniana, allowing for the apparent differences produced

by the nature of the stone and the state of preservation of the

specimens, I can find no satisfactory specific distinction ; the

venation is essentially the same. We may indeed find Indian speci-

mens in which the meshes of the reticulation near the midrib are

larger and broader than in the ordinary Australian plant, and others

in which the veins are more strongly recurved; but, in both tbe

Indian and Australian plants, I find so many shades of variation in

these particulars, that I cannot attach much importance to them.

The general form varies considerably in the Australian specimens,

and is often quite as narrow as in those from JSTagpur ; the apex
also varies in the Australian plant, from very obtuse, and even retuse,

to rather acute, though I admit that it is never, in the specimens I

have seen, as acute as in the Indian. I have seen no trace of fructi-

fication in Australian specimens, nor is any mentioned by McCoy

;

on the other hand, I am unacquainted with the rhizoma of the

Indian Ghssopteris. In the absence of these important points of

comparison, we cannot feel certain of the specific agreement of the

two.

With respect to the affinities of Glossopteris to recent Ferns, I

am not able to add anything to what Brongniart has said. The
form and position of the sori indicate its place either in the tribe of

* PI. 14 fig. 3.
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Polypodiece or of Aspidiece ; but no recent genns of either of those

groups has the same venation. In this latter respect some of the

Acrostichece approach nearer to Glossopteris ; but the reticulation of

their veins is always more uniform.

Among fragments of fossil plants from Bloemkop, South Africa,

collected by Dr. Bubidge, and exhibited before the Geological Society

Nov. 17, 1858, there are two forms which appear allied to Olosso-

pteris,—one a narrow, somewhat lanceolate frond, with veins nume-
rous and very fine, resembling in direction those of G. Browniana,
not very evidently anastomosing (but this was perhaps rendered ob-

scure by the bad state of the specimen) ; the other consisting of

mere fragments, with veins forming a lax and regular network

—

perhaps more like the venation of Dictyopteris than of Olossopteris.

1 (b). Glossopteris Browntana, var. Australasica, Ad. Br. Hist.

Veg. Foss. pi. 62. fig. 1. PI. VIII. fig. 5.

I find two specimens which have the form usual in the Australian

specimens and considered by Brongniart as typical of the species

—

namely, tongue-shaped or subspathulate, with an obtuse apex. Both
are small : the larger, in fine reddish-white sandstone from Bharat-

waYZa, is 5| in. long, 1| in. in maximum breadth ; the other (in a

coarse, blackish, micaceous sandstone from the foot of the Mahadewa
Hills) 3| in. by 1 in. Venation rather ill preserved and indistinct in

both, but apparently agreeing with the Australian specimens.

2. Glossopteris mes^folia, n. sp.? PI. VIII. fig. 6.

Several specimens of a Glossopteris, both from Silewarfa and from
Kampti, appear to belong to a different species from that first

described, though none of them are complete enough to be quite

satisfactory. The direction of the veins, which (unless very near

their base) are straight, and almost perpendicular both to the midrib

and to the margin, might cause the plant to be taken for a Tcenio-

pteris ; but these veins are in fact dichotomous, and anastomose

repeatedly near the midrib. They are extremely numerous, very

fine and close, and for the greater part of their length quite parallel.

Besides, the frond is much broader than in O. Browniana (3 to 4
in. broad), and appears to have been quite rounded at the apex ; the

actual apex however is not perfect in any specimen that I have seen,

nor do any show the form of the base. The frond appears to have
been of thin substance, and apt to split or tear transversely in the

direction of the veins, like the leaves of the Banana (Musa). One
specimen shows remains of fructification in round spots, arranged

as in G. Browniana.
Perns are so variable that I feel some doubt whether this may

not hereafter prove, when better known, to be a variety of G.

Browniana. I think I see in some specimens a tendency to inter-

mediate gradations of character; yet in living Perns, as far as I

have been able to observe, the direction of the veins appears to be
very constant in each species, even in such variable plants as Scolo-

pendriwn officinarum and Asplenium nidus. As the characters of
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the present plant are sufficiently striking, I think it best to distin-

guish it, provisionally, as a species. It may be characterized as

follows :

—

Glossopteris muscefolia.

Frond broadly oblong, rounded and very obtuse at the apex ; side-

veins very slender, very much crowded, dichotomous, nearly perpen-

dicular to the midrib and the margin, near the base only oblique

and anastomosing.

Glossopteris frondosa, McClelland*, has some resemblance to this,

especially in general form ; but neither the figure nor the descrip-

tion enables me to identify the two. If they be the same, the most
important characters of the venation are overlooked by that author.

3. Glossopteris leptonetjra, n. sp. ? PI. IX. figs. 1—4.

Numerous specimens in sandstone from Kampti; the fronds

generally in great numbers on the surface of each slab of sandstone,

lying confusedly together, so that hardly any frond is visible in

its whole length : it appears that the plant must have grown in

great abundance in particular spots. I at first took this species for

the Glossopteris angusUfolia, Ad. Br., which it resembles in outline

;

but, judging from the figure and description of that species f, the

venation is essentially different. In G. angmtifolia, the veins ap-

pear to be coarse and rather distant, and sparingly anastomosing

near the midrib only ; in our Kampti plant they are very fine and
close, and anastomose repeatedly throughout their length, even near

to the margin, forming almost as regular a network as in Sageno-

pteris Phillipsii. Our plant agrees more nearly (indeed very nearly)

with G. linearis, McCoy; but the veins are much more oblique

than they are described in that species, and quite as much so as in

G. angmtifolia.

The frond of this Glossopteris is, like that of G. linearis, very

narrow in proportion to its length, with nearly parallel margins;

some of the most nearly complete specimens are 4| to 6 inches

long, with a breadth of only half an inch ; the apex acute, but less

remarkably so than in the Nagpur form of G. Browniana ; the base

tapering very gradually into the footstalk.

One very small frond, from Kampti, apparently a young plant of

this species, has preserved the whole of its leafstalk or stipes, which

I have not seen in other instances ; this stipes is much shorter than

the frond, narrow, and rather suddenly dilated at the base.

Intermixed with the narrow linear fronds which I have described,

I find others, in much smaller numbers, of a broader form, lingidate

or somewhat lanceolate, but with precisely the same venation as the

narrow ones. They have the form of G. Browniana Indica, but are

still, I think, clearly distinguishable by their finer veins and the

more uniform reticulation of these veins,—the venation, in fact, being

that of Sagenopteris. These broader fronds appear to me to belong

to the same species with the narrow linear ones : it may be doubted

* Keport of Geol. Survey of India, p. 55, pi. 15. f. 3.

t Ad. Brongn. Hist. Veg. Foss. 224, pi. 63. f. 1.
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(as in the case of the narrower and broader fronds of Sagenopteris

Phillipsii) whether the two are to be considered as varieties, or

(which I am rather inclined to believe) as two different forms of

frond which may occur on the same plant, as many recent ferns

have biformed fronds. I can find no trace of fructification on any of

the specimens of G. leptoneura
;
nor, again, is there anything to

indicate that they were otherwise than really simple fronds.

If Sagenopteris is to be distinguished as a genus from Glossopteris

by its venation, the present species will be referable rather to the

first of these genera ; but it appears to me that this and the G.

linearis, McCoy, are rather to be considered as connecting links tend-

ing to reunite the two supposed genera.

The distinctive characters of my Glossopteris leptoneura may be

thus expressed:

—

Frond narrow, nearly linear (qu. sometimes lanceolate ?), rather

acute at the apex, tapering very gradually at the base into the stalk.

Midrib narrow, continued to the apex. Side-veins very fine, very

oblique, arched, dichotomous, anastomosing, and forming a complete

network from the midrib to the margin.

4. Glossopteris stricta, n. sp. ? PL IX. fig. 5.

Of this there are very few specimens ; but the plant appears a di-

stinct one, almost ambiguous in characters between Glossopteris and
Tamiopteris—at first sight more resembling the latter. Midrib very

broad and strong. Lateral veins very numerous and close, perpendi-

cular to the margin (as in Tceniopteris) and almost straight, only a

little arched at the very base ; more than once forked, and anasto-

mosing near their base—that is, near the midrib. This venation agrees

pretty closely with that of G. muscefolia, No. 2 ; but the frond is of

a different form, narrow, strap-shaped, with nearly parallel edges,

only very slightly widening upwards ; it has a much more firm and
rigid appearance, showing no tendency to be waved or crumpled.

The best specimen (with both ends broken off) is 9 inches long, and
rather more than 1 inch in greatest breadth. The anastomosing of

the veins is most apparent in the lower part of the frond.

Loc. SilewacM and Kampti.

5. Pecopteris ? PL IX. figs. 6-8.

A single specimen from Kampti. A doubtful Pecopteris, with con-

siderable resemblance in outline, and apparently also in the venation

(which however is very obscure), to P. Plukenetii, Ad. Br. The speci-

men is ill preserved ; but the frond appears to have been large and
very compound—tripinnatifid at least. The portions which are pre-

served are probably the upper or terminal part of the frond (which is

bipinnatifid) and two of the lateral pinnse or branches (also bipinna-

tifid). Main rachis slightly winged or bordered. Pinnae (of the

second order) long, nearly linear in their general outline, spreading

nearly at right angles to the main rachis, pinnatifid ; ultimate pin-

nules nearly round (rounder than in any form of P. Plukenetii figured

by Ad. Br.), alternate or, in parts, nearly opposite, united from their

base nearly half-way up, entire, diminishing very gradually towards
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the extremity of the pinna ; the terminal one small, roundish, not

much separated from the next. "Veins (very indistinct in the speci-

men) scarcely agreeing with the generic character of Pecopteris, but

well enough with those of P. Plukenetii, as represented by Ad.
Brongniart, tab. 107. fig. 3 a ; midrib faint, not reaching to the

apex, but breaking into very oblique and repeatedly forked side-

veins.

In outline this plant strongly resembles Odontopteris Schlotheimi,

Ad. Br. t. 78. f. 5, except that the pinnules are smaller and more
numerous on each branch ; but the veins are quite different. The
venation approaches to that of some species of Sphenopteris ; but the

plant cannot well be referred to that genus, for the form and position

of the pinnae and pinnules are those of a Pecopteris of the section

Unitce. It has much resemblance to a fern from the anthracite-slates

of Savoy (No. 9 of my paper in Quart. Journ. Geol. Soc, vol. v.

p. 140), which is referred by Heer to Pecopteris Plukenetii. One of

McClelland's* figures of his Pecopteris qffinis (pi. 13. fig. 11 b) has

a resemblance in outline to this plant ; but the figure is too imperfect

to allow of identification.

6. Cladophlebis. PI. X. fig. 1.

A very small fragment of a Fern (from Kampti), not to be named
or identified from such very imperfect materials, perhaps belonging

to Pecopteris Lindleyana (of which I have seen no specimens nor
satisfactory description), evidently different from any other in this

collection. It may be referred to Brongniart's genus Cladophlebisf

(corresponding to Pecopteris, section Neuropteroides, of the Hist. Veg.
Foss.), the venation being intermediate between that of Neuropteris

and of Pecopteris. Pinnules about as large as those of Neuropteris

Loshii, and a good deal like them in shape, but more oblique ; the

base not cordate, but oblique or unequal-sided, and (as in Clado-

phlebis pteroides) only partially attached to the rachis. Midrib

more continuous than in Neuropteris, but less than in the typical

Pecopterids ; side-veins very oblique, but less arched, less crowded,

and more sparingly branched than in Neuropteris proper.

I find another fragment from Kampti, which I am inclined to refer

to this same plant, although it is in a state which renders its deter-

mination doubtful. It appears to be a portion of a Fern, with the

leaflets reduced (probably by decay previous to fossilization) to a

skeleton, little else remaining of them than the veins ; whence the

fragment might be taken at first sight for some delicate Sphenopteris.

It is well known that the Sphenopteris myriophyllum, Brongn., was
founded on a specimen in a similar condition.

7. T-entoptekis daujeoides, McClell. ? (Glossopteris danceoides,

Eoyle ?) PI. X. fig. 2.

The specimens of this (in sandstone from Kampti) are but few and
very imperfect ; but they belong (as far as can be seen) to Brong-
niart's genus Teeniopteris, and may be the same species with the

* Report of Geological Survey of India, 1850.

f Tableau des Genres des Vegetans Fossiles.
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Glossopteris danceoides of Koyle, which is very properly referred by

McClelland to Tceniopteris. This Nagpur plant has also a striking

resemblance (as far as can be judged from such fragments) to the

Tceniopteris major, L. and H. ; but the imperfect state of our mate-

rials does not allow us to identify them.

Is it not possible that this plant, and also the Tceniopteris major,

may belong to Cycadece, or at least to the same family with Ptero-

phyllum ? Dr. Murray, of Scarborough, first suggested this to me
while comparing the specimens of Pterophyllum comptum, L. & H.,

with those of Tceniopteris in his collection. In one of his specimens,

the lower half of the leaf has the characteristic form and division of

Pterophyllum comptum, while the terminal half is altogether undi-

vided and has the appearance of a Tceniopteris. Another specimen

might be taken for a Tceniopteris, but shows towards its middle a

tendency to split into pinnules.

8. Filicites. PL X. fig. 3.

A small frond, from SilewacZa, unfortunately too imperfect to be

satisfactorily described or referred to its proper genus, but curious.

At first sight it might be taken for a small specimen of Baiera Hut-
toni, Ad. Br. (Cyclopteris digitata, L. & H.) ; but the venation is

quite different: instead of numerous, equal, regularly radiating,

dichotomous veins, it has a single well-marked midrib in each lobe

;

the lateral veins extremely indistinct, but apparently going off very

obliquely from these ribs. The lobes preserved in this specimen are

four in number; but there were probably seven, gradually diminishing

in size each way from the middle one ; not very deeply separated, of

an obovate oblong form, and very obtuse. Base of frond wanting.

Mr. Hislop has labelled this specimen as " small Glossopteris ;" and
I think it not impossible that it may belong to a seedling plant of

Glossopteris ; but there is no evidence to connect it satisfactorily with
that genus.

9. Filicites (qu. Glossopteris, sp. ?). PI. X. fig. 4.

This is unfortunately a very imperfect fragment, but of a curious

plant, unlike any other I have seen in a fossil state,—undoubtedly a

Fern, but scarcely referable to any genus hitherto established ; there-

fore, rather than attempt to found a new genus on such imperfect

materials, I leave it under the vague name of Filicites. It is from
Kampti.

Stipes (incomplete) 2| inches long in this fragment, very broad

and flat, bearing in its upper part three leaves or leaflets on one side

and one on the other (the others which ought to have been on this

side being destroyed). Leaflets very incomplete, more than half of

each being broken off; but they appear to have been of considerable

size, entire and undivided, and probably of an oblong or lanceolate

form—not, however, tapering gradually into a stalk as in Glosso-

pteris, but sessile on the main stalk, attached to it by a broad oblique

base
;

closely placed, so as partly to overlap one another, and appa-

rently increasing progressively in size upwards, the lowest being-

smallest. The venation is very ill preserved and very indistinct, but
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appears nearly, if not quite, that of Glossopteris. Midrib narrow but
sharply marked; side-veins numerous, fine, oblique, but scarcely

arched, sparingly dichotomous ; and I think they occasionally anasto-

mose ; but this is not very distinct. Texture of the frond seemingly
thin.

This may possibly be a genuine Glossopteris, but differs remarkably
from those hitherto described in the composition of its frond. It

certainly cannot be a state either of G. Browniana, or of any of the
other species described in this memoir. Even supposing the appa-
rently simple fronds of these species to be leaflets of a compound
frond (which is very improbable), they are constantly characterized

by a form much narrowed towards the base, and tapering very gradu-
ally into a petiole of some length ; whereas in this, the leaflets

neither taper gradually to the base, nor have any partial stalk, but
are attached at once by a broadish base to the main stalk.

10. NcEGGERATHIA ? (CrCLOPTERIS ?) HlSLOPII, n. Sp. PI. X. fig. 5.

The leaves, or (as is perhaps more probable) detached leaflets,

which occur in several pieces of stone from BharatwaYM, and which
Mr. Hislop has marked as " Cyclopteris" appear to me to belong

rather to the genus Nceggeraihia, or at least to the family of Nceg-

gerathiece of M. Brongniart. None of the specimens are nearly com-
plete ; but by a comparison of different fragments we see that tho

leaf was of a narrow wedge-shape, widening gradually upwards from
a narrow base—not however quite symmetrical, but very slightly

oblique ; the terminal portion, which is well seen in one fragment,

very conspicuously oblique, rounded at the actual apex, and from
thence sloping away with a gentle curve, and forming a very obtuse

and rounded angle with the other (lower) margin. The leaf (as far

as can be judged from mere impressions) appears to have been of a

firm and rather rigid texture, with a smooth surface. The largest

fragment I have seen is about 5£ inches long ; the breadth in no

part seemingly much exceeding 1 inch. Veins numerous, all equal

and uniform, with no appearance of a midrib, strong and rather

coarse, radiating from the base, but spreading very gradually and
forming very small angles with one another, so that for any short

distance they appear nearly parallel ; they are once or twice forked,

but very sparingly, the branches diverging very gradually, and all

end in the terminal margin.

This plant may very possibly be a Fern ; but the same reasons

which led M. Brongniart to consider the NceggeratJiia as allied to

the Cycads induce me to think that this also is rather to be

ranked with that family than with the Ferns. The forked veins,

indeed, are unusual in Cycadece, but in Ceratozamia Mexicana the

veins are occasionally forked, and in Stangeria paradoxa they are

constantly so. In the genus Otopteris or Otozamites, which M.
Brongniart refers without doubt to Cycadece, the veins are regularly

and repeatedly forked ; at least, such is the case in Otozam. acumi-

natus and 0. obtusus. The breadth and coarseness of the veins in our

Nagpur plant, and a certain appearance of rigidity about the leaf,
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look to me rather like a Cycad than a Fern. All these reasons, how-
ever, are far from conclusive ; and I must admit that, to me, it still

remains a matter of much doubt to which of the two families this

plant should be referred. If a Fern, it must from its technical charac-

ters be placed in Cyclopteris, although it evidently has no natural

affinity to any of the plants comprehended under that name. It

might be named Cyclopteris Hislopii.

The dichotomy of the veins, their equality and uniformity, and the

absence of any trace of transverse connecting veins, plainly show
that it is not a Palm.

A small leaf or leaflet in sandstone from Kampti agrees with this

in venation, and evidently belongs to an allied species, perhaps not

to the same ; for the outline is different, being in the Kampti plant

lanceolate and nearly symmetrical, instead of cuneiform and oblique.

This specimen is better preserved than those from BharatwaeM, and
shows the form of its base, though not its actual connexion with the

stalk or stem ; there is an appearance of thickening at the base, as

is seen in several of the Gycadeoi, and some indication of its having

been connected with the stalk by an articulation. The leaf appears

to have been of a thick and leathery texture ; the veins are rather

indistinct • the surface appears minutely granulated, but I am not

quite certain whether this is really owing to the texture of the leaf

itself. This specimen may probably belong to a distinct species
;

but our materials being so very imperfect, I do not think fit to give

it a separate name.
A specimen, apparently belonging to this plant, from Tondakheiri,

has been labelled " Cyclopteris with fructification." It is not in a

good state of preservation ; the apex appears wrinkled or thickened
;

the veins (or the spaces between the veins) swollen and distorted,

and as it were knotty or granulated at their extremities. This ap-

pearance has been taken for fructification ; and if it were so, there

coidd be no doubt of the plant being a Fern. But I confess that, on
a close and careful examination, I can see nothing sufficiently distinct

and definite to satisfy me that this peculiar appearance can be re-

ferred to fructification. The specimen unfortunately is ill-pre-

served ; it exhibits merely an impression—and not a sharp or clear

one—of the original in a sandstone not of very fine grain ; and I

think it possible that the swollen and wrinkled appearance at the

apex of the leaf may be produced accidentally by something in the

nature of the stone or the process of fossilization. The evidence of

its being the fructification of a Fern is not at present sufficiently clear

to me to overcome the reasons which induce me rather to refer the

plant to Cycadeai, or a neighbouring family.

Plants of doubtful Affinity.

11. Phtllotheca Lctdica, C. B. PL X. figs. 6-9 ; and PI. XI.
figs. 1 & 2.

Specimens are numerous in the fine-grained sandstone from
BharatwacZa ; all very fragmentary, but some of the fragments deli-

VOL. XVII. PART I. 2 A
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cately preserved. There are other specimens also from Bokhara,

Kampti, SilewacM, and Barkoi. It is difficult to form a clear idea

of the general form and habit of the plant ; but the specimens

give satisfactory information as to the leaves and sheaths, their rela-

tive position and connexion. Some of them show conclusively the

accuracy of Brongniart's original statement, that the leaves are pro-

longations of the teeth of the sheaths. Lindley (followed by linger

in his ' Synopsis ') conjectured that Brongniart had been deceived, and

that the leaves really surrounded the sheath, springing from below

it ; but the correctness of the original description has been confirmed

by the observations of Morris* and McCoy,f on specimens from

New South Wales ; as well as by the later ones of Baron AchiBe de

Zigno on two new species of the genus discovered by him in the

Jurassic rocks of the Veronese territory J. The specimens before me
are, I believe, the first that have been described from India §. They
were very correctly referred by Messrs. Hislop and Hunter to the

genus Phyllotheca ; and it is not yet clear to me whether they are

even specifically distinguishable from those of New South Wales.

Some of these fragments show most unequivocally the continuity

of the narrow leaves with the sheaths ; that, in fact, the leaves are

simply the elongated teeth of the sheaths
;

or, to express it in a dif-

ferent way, that the sheaths are formed of the united bases of the

leaves. The sheaths in this BharatwaWa plant are not closely

pressed to the stem, as described in the original Phyllotheca mistralis

of Brongniart, and in McCoy's P. ramosa
;
they widen more or less

rapidly upwards, and more rapidly in the upper part, so as to be

somewhat funnel-shaped or bell-shaped ; on the upper parts of the

small branches they appear to cover the whole, or nearly the whole,

length of the internodes. These sheaths are strongly and regularly

furrowed ; the furrows appear to correspond in number to the leaves,

and to be prolonged into their midribs. Leaves numerous in each

whorl, but I have not yet found any specimen sufficiently perfect to

show their exact number ;
they are linear, veiy narrow, longer than

the sheaths, with a distinct midrib ; in direction sometimes erect,

more often spreading at various angles, and very often recurved.

The sheaths seem to be deciduous ; at least I can find no trace of

them on what appear to be stems and older branches of the same
plant, which are regularly and distinctly furrowed and jointed, like

a Gdlamites. The furrows do not, however, alternate at the joints,

as in all the Calamttes except 0. transitionis Gopp. ; the ridges and
furrows of each internode are in the same line with those of the next .

McCoy describes the branches of bis P. ramosa as originating

" directly over the joints," and being therefore " within and axillary

to the sheaths." The same is evidently the case with P. Bronc/ni-

artiana of De Zigno. Some of the Xagpur specimens show branches,

* Strzeleeki's New South Wales, p. 251.

t Annals of Nat History, v. p. 20 (1847).

\ Flora Fossilis Formations Oolitkicae, pp. 59, GO, tabb. 7, 8.

§ No species of TlnjUothca is noticed by McClelland in his enumeration of

Indian fossil plants (Keport of Geol. Surrey of India. Calcutta, 1850).
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but unfortunately their origin relatively to the sheaths is obscure

;

for they spring- from what appear to be the old stems, on which I

can find no sheaths remaining. They are inserted on the stem with

a distinct articulation, as in Equisetum and Calamites ; but their

insertion appears to be exactly on the articulation of the stem, and
not below it. In the P. ramosa and P. Brongniartiana, the origin

of the branches is unequivocal
;
and, though less evident, it is pro-

bably the same in this plant. I think, with McCoy, that this cha-

racter decidedly removes PhyUotheca from any near affinity with
Equisetum, as one of the especial and most peculiar characters of

the latter genus is the origin of the branches from beloiv the sheaths.

Some further light is thrown on this question by a specimen*, from

SilewacM near Nagpiir, of what appears to be an old stem of a small

PlujUotheca; the arrangement of the ridges and furrows being such

as is usual in this genus, and not such as prevails in Equisetum and
Calamites. Here there is a scar, doubtless of a branch, seated exactly

on one of the articulations, and perfectly similar, except in its small

size, to what we see in Calamites ramosus, Ad. Br. No trace of a

sheath remains.

Some of the flattened stems, which I suppose to belong to this

PhyUotheca, are above an inch broad, strongly and coarsely furrowed.

As they are pressed quite flat, without being crushed or distorted, we
must suppose either that they were of a soft and herbaceous sub-

stance, or that the wood had entirely decayed before they were
fossilized, leaving only a tube of bark.

It is not improbable that the remains of PhyUotheca in this Nag-
pur collection may belong to more than one species, as the great

difference in the fineness or coarseness of the furrows on stems of

about the same diameter may seem to indicate ; but I cannot satisfy

myself as to the distinctions.

Our materials being still so incomplete, I feel by no means sure

that further discoveries may not prove this Indian PhyUotheca to be

identical with one or other of the Australian species. Yet, as it

does not exactly agree with the description of any of them, and as

there is & prima facie probability that plants from such distant coun-

tries are not the same, I will provisionally name this one PhyUotheca

Indica.

Its characters may be given thus :

—

Stem branched, furrowed; sheaths lax, somewhat bell-shaped,

distinctly striated ; leaves narrow linear, with a strong and distinct

midrib, widely spreading and often recurved, nearly twice as long as

the sheaths.

The original PhyUotheca australis, Brongniart, and the P. 7*amosa,

McCoy (according to the descriptions), differ from this in having the

stem smooth or slightly striated, not furrowed, and the sheaths fitting

closely to the stem ; P. australis further in its simple stem, and

leaves without a midrib. P. Hooheri, McCoy,which of the described

species comes nearest to our Indian one, appears to have much larger

sheaths and longer leaves, as well as a simple stem.

* See PL X. fig. (>.

2 a 2
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The real affinities of Phylloiheca to existing plants are scarcely to

be detennined in the present state of our knowledge. It appears,

as Brongniart observes, to be nearly allied to the fossils called Astero-

phyllites and Annidaria, and most probably also to Calamodendron,

Ad. Br.,—all these having essentially similar characters of ramifica-

tion, with verticillated one-ribbed leaves. The position of the

branches shows that it cannot be nearly akin to Eqidsetacece.

McCoy's arguments to prove it a near ally of Casuarina, do not

appear to me conclusive. The catkin which he has figured as the

male, flowers (see his pi. 11. fig. 1), strikes me as agreeing well

enough in its general structure with the known fructification of

Asterophyllites and Annidaria (see Geinitz, ' Steinkohlenform.

Sachsen,' tab. 17. fig. 3, tab. 18. fig. 8, 9). No other kind of fructifi-

cation, as it seems, has yet been found in connexion with any Phyl-

lotJieca. If these plants belonged to the group of the Casuarina;, it

is hardly probable, abundant as they are, that some trace would not

have been found of the remarkable seed-vessels of that family.

12. Vertebraria ? PI. XI. fig. 3.

Some impressions in sandstone from Kampti, Tondakheiri, and
the Mahadewa Hills, and in bituminous shale from Barkoi, labelled

as " Vertebraria/' have certainly a prima facie resemblance to the

published figures of the Vert. Indiea, especially to that in McClel-

land's Report, tab. 14. fig. 1 ; but I can hardly reconcile the appear-

ances presented by these specimens with the structure described by
McCoy and De Zigno. The specimens indeed appear to be merely

impressions, consequently not showing a transverse fracture, nor
exhibiting anything of the radiated structure described in Verte-

braria. But the Kampti specimens are branched, a circumstance not

hitherto recorded in any Vertebraria ; and branched in a manner
which I cannot reconcile with the received explanation of the struc-

ture of that genus. Those from Tondakheiri and Mahadewa are

unbranched, but otherwise agree with those from Kampti. The stem

(or whatever the columnar body is to be called), is from \ to | inch

broad; along the centre of it runs what we must for convenience

call the axis, which in the best specimens (from Kampti) appears as

a deep narrow channel or furrow, but in some others as a ridge.

This is not straight and even, but more or less flexuous in direction,

and more or less widened out in some parts. From it proceed to each

side in an irregularly alternate order, and at very unequal distances,

what seem to be partitions, dividing the surface of the fossil on each

side of the axis into portions of various lengths. The surface

between these partitions is irregularly prominent or gibbous, and in

most of the specimens shows no decided traces of organic structure.

But in the largest specimen from Kampti, I observe appearances

which seem clearly to indicate a continuous cellular tissue, as of the

cuticle of a stem or root : the surface exhibits delicate but distinct

longitudinal lines, cross-barred by fainter aud veiy short transverse

ones ; the spaces between being a little raised. The appearance is

exactly that of an epidermis formed of narrow rectangular cells.
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The branches are very irregularly alternate
;
very often, but not

constantly, they are opposite to one of the supposed partitions
; they

are of small diameter in comparison with the body from which they
proceed, but various and irregular in thickness, and not less various

in direction ; in many of them we can trace an axis, like that of the

main body on a small scale. Many of them are again subdivided,

and with a like irregularity.

Now, this striking irregularity of ramification appears to me to

be very much at variance with the characters of the genus Spheno-
phyllum and the family of Calamitece (or Asterophyllitece) to which
Vertebraria is referred by De Zigno and others. In Splienopliyllum,

AsterophyUites, Annidaria, and in those Calamites or Calamodendra
which branch, the branches invariably spring from the articulations

of the main stem, with which they are themselves articulated at

their base ; and their arrangement is really symmetrical, though the

symmetry is sometimes disguised by abortion. In this fossil, on the

contrary, the branches are continuous with the main trunk, not

articulated, and are in every way irregular and unsymmetrical. I

conclude, therefore, that the so-called Vertebraria from Kampti is

not a Sphenopliyllum, nor one of the AsteropJiyllitea?. On the other

hand, all the characters of the ramification appear to me to favour

the conjecture that these supposed Vertebraria1
. are roots of some

large plant.

The true original Vertebraria^, according to McCoy, owe their

singular form to densely compacted whorls of leaves surrounding

without interruption a slender stem. That the supposed Vertebraria,

of Kampti are not of this nature is rendered evident, not only by
their ramification but also by the character of the cellular structure

observable on the surface of one specimen, which I have already

described.

In the unbranched specimens from the Nagpur district, the indi-

cations of their nature are not so clear ; and their appearance might
easily lead to their being classed with the true Vertebrariai. They
seem to me, however, to be in reality of the same nature with the

branched specimens from Kampti. Nor can I at all understand how
distinct (though crowded) whorls of leaves could, in the fossilizing

process, have remained so closely and uniformly pressed together as

to present the appearance of a continuous columnar body through

the whole length of the specimens. In no part of the best of these

pieces can I detect any appearance at all like leaves.

On the whole, then, I am of opinion that the branched specimens

from Kampti, which have been taken for Vertebraria?. , were the

roots of some plant, possibly of Phyllotheca ; that they had probably

a woody central axis of small diameter ; that between this axis and

the outer coat or rind (which probably consisted of loose cellular

tissue) there was a hollow, traversed at irregular distances by in-

complete partitions, which connected the outer coat with the axis.

The unbranched specimens were most likely also fragments of roots,

though this is not quite so clear. The original Vertebraria?, V. In-

dica and V. australis (SplieyiophyTlum radiatum and S. austraU,
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Zigno), must evidently, from the descriptions, be of an entirely

different structure.

13. Knorria? (Conifer?) PI. XII. fig. 1,

A single fragment, in a fine-grained red sandstone from Mangali.

This is a cast of a piece of stem or branch, about g inch broad, di-

stinctly marked with numerous small, roundish, dot-like leaf-scars,

arranged with great regularity in a quincuncial or spiral order ; each

scar distant rather more than 1 inch from those nearest to it. No ap-

pearance of definite areolse as in Lepklodendron, but a narrow furrow

or crack running down from each leaf-scar for some distance in a

straight line. The form and size of the scars clearly indicate that

the leaves were slender and needle-shaped.

This fragment is perhaps technically referable to Knorria, and
may have belonged to a Lycopodiaceous plant ; bat its appearance is

so strikingly like that of a small branch of a Spruce-fir stripped of

its leaves, that, in the absence of any positive evidence to the con-

trary, I am strongly inclined to believe it to be Coniferous.

14. Rhizojie of a Fern ? PI. XII. fig. 2.

A specimen from Mangali, referred (doubtfully) by Mr. Hislop to

Lcjndodendron ; in a very unsatisfactory state of preservation, but

interesting as having more the look of a genuine Coal-measure fossil

than any other in the collection. Appears to be a small portion of

the surface of a flattened stem, with numerous scars (qu. leaf-

scars ?) arranged in somewhat of a spiral or quincuncial order, but

with a good deal of irregularity ; the scars ill-preserved, but seem-
ingly forming small pits or depressions (as in Stigmaria) of a circular

or transversely elliptical form, with a small central boss or protube-

rance ; the surface between these pits marked with various wavy
transverse wrinkles, which partly enclose the scars, but do not form
definite areola) as in Lepidodmdron. The appearance is a good deal

like some varieties of the so-called St'ujmarke, under which name are

doubtless included the roots of Lcpidodendra as well as of Sigilla -

rice. The scars are not, however, arranged with the symmetry
characteristic of Stigmaria. Nevertheless, if well-marked Lcpido-

dendra or Slgillarice had been found in the same beds, I should have

considered it, with little doubt, as a fragment of a root belonging to

one of those families. But as I find nothing else among the Na'g-

pur fossils to support such a notion, I am more inclined to conjec-

ture that it may have been a fragment of the rhizome of a Fern.

15. Stem.

Apparently an impression of a large flattened stem, with some-
thing of the appearance of a Sigillaria ; but the ribs and furrows

arc very irregular, perhaps casual, and of the scars only a few
remain ; these are veiy small, indeterminate in form and character,

showing a tendency to an arrangement in vertical rows, but not very

distinctly. The specimen is from SilewacZa.

1G. Stem. PI. XII. fig. 3.

This specimen is from SilewaeZa, and appears to be an impression
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of a large, broad, flattened stem, without distinct character except

one single, very large, and remarkable scar. This scar is of a

roundish oval form, nearly 1| inch in its greater diameter, and
about 1| inch in its lesser; slightly prominent, and well defined all

round by a slight furrow dividing it from the general flat surface.

It encloses a smaller scar or areola, apparently of corresponding form,

but indistinct in part of its outline ; towards the centre there appear

to be some slight tubercles or vascular scars, but very obscure. Prom
one end (probably the lower) of the large scar, proceeds a kind of

appendage, tapering downward to a point, like the downward pro-

longations of the leaf-scars in Lepidodendron.

This sear, by its general form and appearance, reminds one
somewhat ofthe leaf-scars of Lepidodendron or of Caulopteris, though
on a very large scale

; but, as there is only one on the whole surface of

this portion of stem (nearly \\ foot long, and in parts 8 inches

broad), it cannot be supposed to be the scar of a leaf. Does it indi-

cate the place of insertion of a disarticulating branch, or of a cone

or some other kind of fructification ? I feel at a loss to decide, the

characters being so slight.

The remainder of the surface of this impression is merely marked
with irregular oblique wrinkles.

17. Yttccites? PI. XII. fig. 4.

A specimen from Kampti, very imperfect, but with much the

appearance of a leaf of an endogen, such as a Yucca or Draccena.

Too incomplete for its length to be determined ; but the portion best

preserved is about a foot long, and -| in. broad in the widest part.

Appears to have been sword-shaped or ribbon-shaped, tapering

gradually towards the apex ; the actual point not preserved ; veins

fine, close, simple, and parallel, giving a finely striated appearance

to the surface, with some stronger ones here and there. This last

character seems to show that it is not a leaflet of a Cycad ; nor do

I think it was a leaflet of a Palm, for there is no appearance of a

keel or fold along the middle. The base is wanting
;
consequently

we do not know how it was inserted on the stem or stalk.

General EemarJcs on the Fossil Plants from Ndgpur.

1. The first thing that strikes us is the paucity of distinct forms

in proportion to the abundance of specimens. This paucity is even

greater than one usually observes in collections from the palaeozoic

coal-fields of Europe or America, and is strongly contrasted with

the rich variety of forms presented by most of the tertiary plant-

deposits, especially by the miocene formations in Germany and
Switzerland*. Everything points to the conclusion that the plant-

bearing deposits of Nagpur (and seemingly also the others in India

of the same age) were formed in districts which had a limited and
monotonous flora, singularly poor in species, though abundant in

individuals, and very probably luxuriant in growth. It would

* See Goppert on the Fossil Fiora of Sehossnitz ; Wessel and Weber on the

Brown-Coal of the Rhine
;

Iicer, and others.
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be rash to conclude that such were general characteristics of the

Indian flora in those times. Some might be disposed to account

for this monotony by supposing that the fossil plants of Nagpur
are merely the scanty remaining fragments of a rich vegetation

;

and that the other plants with which they were associated, being less

adapted for preservation, have entirely perished ; but it is hardly

possible to admit this explanation when we observe the remark-
able variety of vegetable forms in the tertiary plant-beds, which
must also have been deposited nnder water. We do not know of

any conditions which would account for the preservation of so many
various forms in the one case, and of so few in the other.

2. Another and very striking characteristic of this Nagpur fossil

flora, is its close analogy with that of the coal-formation of Aus-
tralia*. The prevailing plant in each of the deposits is a Glosso-

pteris, and it appears (as far as we can judge in the present state of

our knowledge) to be actually the very same species in both. My
Glossopteris leptoneura, an abundant plant in the Nagpur beds, is

very closely allied to the Australian Glossopteris linearis^. Another
most abundant plant of the Nagpur deposit is a Phylhtheca, a

genus especially characteristic of the Australian coal-formation ; and
the species, though not identical, is very similar to those of New
South Wales. I may add the genus Vertebraria, which, though I

have met with no certain evidence of its occurrence in the Nagpur
district, is known to be common to the Bengal and Australian coal-

fields j\ Thus it appears that those vegetable forms which are most
striking by their peculiarities, and most characteristic by their abun-
dance, are common to these two distant countries. At present, as

is well known, the vegetation of extra-tropical New South Wales is

very widely different from that of continental India. If, indeed,

we compare tropical Australia with India, we find, as Dr. Hooker
has shown §, a very marked agreement between their floras

;
nearly

oOO species being common to the two. These indeed are plants of

very different character from those which occur as fossils in either

country, and afford very different climatic indications
;
they are the

plants of a dry climate and of open and arid countries ; whereas the

fossil plants must, in all probability, have grown in or near extensive

swamps or large bodies of water. It is however worth observing

that, where the physical conditions of the two countries are nearly

similar, there is at present this marked agreement between their

floras. It is also to be observed that in each of the fossil floras

which we are comparing, the Ferns are the predominant family, and
that the Ferns of Australia at the present day are among the least

peculiar portions of its vegetation. Several species of this family

are common to India and New South Wales ; such are Drynaria

irimdes, D. quemfolia, Asplenium nidus, Davallia elegans, Cheil-

* See Morris in Strzelecki's New South Wales ; and McCoy in Ann. Nat.

Hist. v. p. 20.

t And may possibfy not be specifically distinct from it.

i See McCoy at. *vj)ra. and De Zigno, Flora Foss. Form. Oolith.

§ Introductory Essay on Flora of Australia, p. 42.
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anthes tenuifolia, and Gleichenia Hermanni. When, therefore, the

climatic or local conditions were such that the mass of the vegetation

consisted of Ferns, we need not be surprised to find a much greater

agreement than now exists between the two countries.

3. Next, as to the geological indications afforded by these Nagpur
plants. Messrs. Hislop and Hunter consider the age of this deposit as

Oolitic (Jurassic)
;
McCoy inclines to the same conclusion with regard

to the coal of New South Wales ; and De Zigno, in his writings on

the fossil flora of the Oolite, has without hesitation included under

that category the coal-formations of both India and Australia. On
the other hand, Prof. Jukes (as quoted by Dr. Hooker*) seems to hold

that the coal-formation of Australia is palaeozoic. It is very diffi-

cult, looking to the points of agreement I have already enumerated,

to believe that the Indian and Australian fossil floras f were far

removed in time. If the resemblances between them are not worthy

of confidence, still less then can we trust to the analogies of either

with those of Europe.

The fossil flora of Nagpur is certainly in its general aspect more
like that of the Jurassic than of the Carboniferous age. I do not

find in it, however, any plant which I can determine to be specifically

identical with one belonging to the European Oolite. The Tcenio-

pteris (T. danceoides?) from Nagpur is not, perhaps, «atisfactorily

distinct from T. major of the Yorkshire Oolite ; but our materials

do not allow us to identify it with that species. The genus Glosso-

pteris, so especially characteristic of the Indian and Australian plant-

beds, contributes much to give to those formations a mesozoic rather

than palaeozoic aspect, since it is perhaps, as a genus, undistinguish-

able from Sagenopteris, of the Oolite and Keuper, while, on the

other hand, it has little resemblance to any Ferns of the Carboniferous

age. Nevertheless, a certain degree of caution must be observed in

concluding that particular genera of Ferns are absolutely charac-

teristic of particular geological periods. It has been remarked $
that there is a certain analogy or proportion between the geo-
graphical and the geological distribution of organized beings. Now
there are very few instances in which the genera of recent Ferns
have a strictly limited geographical area : scarcely any genus
(excepting those which consist of only one or two species) is

confined to a single geographical province or region §. Yery many
even of the species of Ferns (as has been amply shown by Sir W.
Hooker and by Dr. Joseph Hooker) have a wide geographical range.

With the genera this holds good in the majority of cases ; and the in-

stances are numberless in which we find nearly allied or representa-

tive species in distant countries. It appears therefore to a certain

* Introductory Essay on Flora of Australia, p. 100, 101.

t By the Indian fossil flora in this memoir I always mean that of the sup-
posed Jurassic beds of Nagpur, of the Rajmahal Hills, and of the Burdwan
coal-field. By the Australian fossil flora, I mean that of the coal-formation of
New South Wales.

\ By Edward Forbes and others,

§ See-what is said on this point by Mr. Jolm Smith, Hooker's Journal of Botany,
vol iv.
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degree probable tbat the generic forms of Ferns may have had a
wide range in time also, and that allied (though not identical) species

may have existed in very different ages. I do not wish to lay much
stress on this argument ; but it may suggest a certain degree of
caution. The genus PhyUotheca affords more decided evidence of

Jurassic affinities in the fossil flora of the Indian and Australian
coal-fields, since the only known species out of those coal-fields

have been discovered by M. de Zigno in an undoubtedly Jurassic

formation in Northern Italy*. The other vegetable remains of the

deposit we are considering are too uncertain in their nature and
affinities, or too remote from any known in Europe, to afford any
help towards determining the question of age.

On the other hand, there is in the Nagpur collection a striking

deficiency of the Cycadece (PterojphyUum, Zamites, Otozamites, and
the like), a family very characteristic of the Jurassic flora in Europe.
This deficiencj'does not extend to the plant- bearing deposits of Bengal.

Dr. McClelland describes several well-marked Cycadece, from the

liurdwan coal-fields. In a set of drawings, which I have examined,
of fossil plants procured by Prof. Oldliam from the Eajmahal Hills,

as many as nine out of thirteen forms represented are undoubted and
well-characterized Cycads. In the Australian coal-fields, again, I

have no evidence that any Cycads have been found. The question

may therefore arise, are the fossil plants of JNagpur contemporaneous

with those of Australia, and of a different age from the Burdwan
and Bajmahal deposits '? But the Glossopteris Broivniana appears to

be common to the Australian and Bengal coal-fields f ; so also is the

very peculiar and characteristic form called Vertebraria. I think,

therefore, that the several plant-bearing deposits of which I have
been speaking, cannot well be separated geologically, and that, as

far as the evidence derived from fossil plants can be trusted %, there is

a strong probability that they arc all of Jurassic, or at least of Meso-
zoic age.

4. The fossil flora described in this paper appears fully as differ-

ent from the existing vegetation of India, as the fossil flora of our

Jurassic or our Carboniferous rocks is from the existing vegetation

of Europe. Drs. Hooker and Thomson, in their admirable Intro-

duction to the 'Flora Indica,' have shown us what are the character-

istic families, genera, and species of plants in the different districts

of India; and in none of these districts do we find anything

resembling the fossil vegetation of Nagpur. The predominance of

Ferns, the absence of any certain indication of ordinary (angio-

spermous) Exogens, the absence of Palms, and, in fact, the apparent

absence of all those families and genera of plants which can be

considered in any way characteristic of the Indian flora, strikingly

distinguish this extinct vegetation from that of the present day. If

it were contemporaneous with our Jurassic flora, it cannot be denied

* De Zigno, Fl. Foss. Form. Ool., pp. 59, 60.

t Brongniart, Hist. Yog. Foss. ;
McCoy ; Morris in Strzelecki's New South Wales.

\ To what extent evidence of this sort can be trusted must remain doubtful

until the Tetit-Coiur mystery shall be solved.
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that the vegetation of India was in those ages much more similar to

that of Europe than it is now.

The absence of Palms from a deposit representing to us the vege-

tation of an Indian district is the more striking, because both the

leaves and the seeds of those plants are of a very durable nature, and

likely to be preserved. In the Bengal coal-field, indeed, is found a

Zeugophyllites, which Prof. Brongniart appears to consider as an
undoubted Palm ; but I can find no trace of it in the Nagpur
collection.

Postscript.—Since this paperwas thus far completed, I have received

Professor Oldham's memoir* on the geological relations of the rocks of

Bengal and Central India, which throws some new and important light

on the subjects I have been discussing. Accordingly I find it necessary

to correct in some points the opinions as to the geological age of

these fossil plants, which I have above expressed. Prof. Oldham
shows that the group of rocks of the Rdjmahdl Hills constitute a

formation quite distinct from that of the coal-bearing beds of Burd-

wan and some other localities ; to which latter group he applies the

name of the Damuda beds. He shows that the fossil vegetation of

the two formations is entirely different, both specifically and in

general aspect ; that not one species is common to the two ; that the

Bajmahal beds are characterized by a remarkable abundance and
variety of Cycadece, by a comparative paucity of Ferns, and by the ab-

sence, in particular, of the genus Glossopteris, as well as of Phyllotheca

and Vertebraria; while the Burdwan or Damuda beds are characterized

especially by Glossopteris, Phyllotheca, and Vertebraria, with scarcely

a trace of Cycads. It is evident that the Nagpur fossil flora agrees

altogether in these respects with that of the Damuda, and not with

that of the Bajmahal formation. Prof. Oldham is of opinion that

the Itajmahal beds are mesozoic, and probably Jurassic—the Damuda
beds palaeozoic. On this latter point I am not entirely prepared to

go along with him. I still think, for the reasons already given, that

the fades of this Nagpur and Burdwan flora is rather mesozoic.

But this is a point by no means clear, and one on which much
further light is yet required before we can come to a safe conclusion.

The paheobotanieal evidence is far from unequivocal, and, such as it

is, might be outweighed by the discovery of a single well-marked
and thoroughly characteristic fish, shell, or coral.

I perceive that Prof. Oldham has come to the same conclusion

touching the so-called Vertebraria} in general at which I had already

arrived in relation to those of the Nagpur collection ;
namely, that

they were roots. As he observes, they seem to have played a some-
what similar part, in the Bengal coal-field, to that of the Stigmaria}

in the coal-fields of Europe and America.

* Memoirs of the Geological Surrey of India, vol. ii. part 2. 1860.
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From Silewarfa.

DESCRIPTION OF PLATES VIII.-XII.

Plate VIII.

Eg. 1. Glossopteris Browniana, var. Indica, Ad. Brongn. An N

imperfect frond.

Fig. 2. . Apex of a frond.

Fig. 3. . Base of a frond.

Fig. 4. . Enlarged portion of a frond, showing the
venation and sori.

Fig. 5. Glossopteris Browniana, var. Australasica, Ad. Brongn. From the foot
of the Mahadewa Hills.

Fig. 6. Glossopteris mustefolia, C. B. An imperfect frond. From SilewacZa.

Plate IX.

Figs, 1-3. Glossopteris leptoneura, C.B. From Kampti.
Fig. 4. . Portion of frond, magnified.

Fig. 5. Glossopteris stricta, C.B. From SilewtkZa. Reduced |th.

Fig. 6. Pecopteris ? 1 -r, , n e j I

Fig. 7. — f
Parts of a frond

- From Kampti,
Fig. 8. Enlarged leaflets.

Plate X.

Fig. 1. Cladophlebis ? Portion of a frond. From Kampti.
Fig. 2. Tseniopteris danoeoides (?), McClell. Portion of a frond. From Kampti.
Fig. 3. Filicites (Glossopteris?). Imperfect frond. From Silewac^a.

Fig. 4. Filicites (Glossopteris?). Imperfect frond. From Kampti.
Fig. 5. Nceggerathia ? (Cyclopteris ? Hislopii, C.B. ). Imperfect leaf. From

Bharatwa«?a.

Figs. 6-9. Phyllotheca Indica, C.B. Portions of stems. From Bharatwa^a,
SilewtWa, &c.

Plate XI.
Fig. 1. Phyllotheca Indica , C.B.

j portions of stemg> ^Qm m&mtwML
Fig. 3. Roots of Phyllotheca? From Kampti.

Plate XII.
Fig. 1 . Knorria ? (Portion of stem of a Conifer ?). From Mangali.

Fig. 2. Stigmaria? (Portion of the rhizome of a Fern ?). From Mangali.

Fig. 3. Portion of a stem with a large scar. From SilewacZa.

Fig. 4. Yuccites ? Imperfect leaf. Reduced. From Kampti.

2. On the Age of the Fossiliferotts Thin-bedded Sandstone and
Coal of the Province of Nagptjr, India. By the Eev. Stephen
Hislop.

(Communicated by the President.)

Contents.

1. Nagpur Circle.

2. Barkoi and the foot of the Mahadewa Hills.

3. Western Bengal. 4. Mangali.

5. Kota on the Pranhita. 6. Rajmahal Hills.

7. Comparison of the strata and fossils of Nagpur, Barkoi and the Mahadewa
Hills, Mangali, and Kota.

(1.) Fossil flora of New South Wales.

(2.) Fossils of the Indian Plant-bearing Sandstones and Coal-fields.

A. Plant-remains. B. Animal-remains.

1. Ndgpur Circle.—If with a radius of 14 miles a circle he drawn

around the city of jSTagpur, it will include within its northern half

Kampti, Bokhara, SilewaWa, Tondakheiri, Babulkherfa, and Bha-

rat\vac?a : but it will leave out Arajmet, which lies 20 miles west of
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Nagpur, and Chorkheiri, which is 35 miles to the north-east, while

Chanda is situated 85 miles to the south. At all these places the

thin-bedded sandstone with vegetable remains is the same, as it pre-

sents the same appearances both palaeontological and lithological.

2. Barkoi and Mahddewa Hills.—That this thin-bedded sandstone

is identical with the coal-shale at Little Barkoi, near Umret, and at

the base of the Mahadewa Hills, in the N.N.W. part of Nag-pur pro-

vince, I have ascertained by personal inspection, and have endea-

voured to prove in the Quart. Journ. Geol. Soc, vol. xi. p. 555. At
all the localities already named, arenaceous as well as carbonaceous,

there is a similar group of fossils ; and at Bokhara, an acknowledged

site of the plant-sandstone, there is a tendency among the strata,

which are usually white, to become brown and carbonaceous through

the abundance of their comminuted vegetable matter.

3. Western Bengal.—That the plant-sandstone and carbonaceous

beds of Nagpur are of the same age as the coal-strata of Western
Bengal, I have attempted to show in the ' Quart. Journ. Geol. Soc.'

he. cit. The rocks of both provinces have embedded the same flora,

including species of Pecopteris, Glossoptens, and Tamiopteris, Verte-

braria Indica*, Trizygia (or Sphenophyllurn) speciosa, a species of

Phyllotheca, and a stem, which McClelland has erroneously named
Poaches muricata. Many more points of resemblance, I have no

doubt, will be discovered when the Bengal strata shall have been

more carefully examined.

4. Mdngali.—Thus far I may calculate on a general concurrence

in my conclusions
;

but, when I embrace in this comparison some
thin-bedded, red, argillaceous sandstone at Mangali and Mesa, about

60 miles south of Nagpur, difficulties arise, and a difference of

opinion has been expressed. In a Report on the Talchee Coal-

field, by Messrs. Blanford and Theobald, the authors seem disposed

to place the Mangali beds above the plant-sandstone and coal
;
and,

as they consider the former Permian, the two latter they regard as

at least of that agef. It must be admitted there is some apparent

ground for this view. The strata within the semicircle north of

Nagpur, and at the other localities mentioned in paragraph 1, are

of a whitish hue ; those at Mangali are of a brick-red colour. In the

former the fossils, with the exception of an Insect's wing found at

Kampti, are exclusively vegetable ; in the latter they are chiefly

animal. In the one Ferns abound, in the other not one has
hitherto been discovered

;
but, instead of them, we have the rep-

tilian Brachyops laticeps (Owen), an undescribed species (if not

two) of the crustacean Esilieria, and the jaws and scales of

ganoid Fishes. Yet this distinction in colour and fossil contents

most probably depends on a difference, not of time, but of local

condition
;

for, with all the dissimilarity, there are numerous points

of agreement. The strata near Nagpur and Chanda, and those at

Mangali, intermediate between these two places, though differing in

* Vertebraria and Trizygia are not recognized in the preceding paper by Sir

C. Bunbury as occurring in the plant-bearing sandstones of Nagpur.

—

Editor.
t Mem. Geol. Surv. of India, vol. i. pt. 1, p. 82.
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colour, are alike in many other respects. Both are thin-beclcled and
argillo-arenaceous, and, after continuing so for about 15 feet, they

both pass into a coarser whitish sandstone below ; and though the

fossils are so diverse in their general character, and though many ve-

getable remains found near Nagpur and Chanda are wanting at Man-
gab, yet the fossil plants that do occur in the latter neighbourhood

are on the whole similar to those in the former. Thus at Mesa there

is a seed or seed-vessel about |- in. long, and \ in. broad, resembling

a paper kite in form. This also occurs of the very same dimensions

and shape at Kampti. Again, a smaller fossil of a similar kind is

common to the beds at Mesa and Bharatwac?a. Further, a small piece

of stem from Mangali, with distant lanceolate scars running along

it, is the miniature of a larger branch from Kampti. And, lastly,

Mangali furnishes various sulcated jointed stems, which, as far as

the state of their preservation warrants a judgment, resemble stems

abundant at Kampti, Silewarfa, BharatwacM, &c. This amount of

agreement, apparently specific, between the fossils from Mangali

and from the vicinity of Nagpur, is sufficient, in my opinion, to autho-

rize the inference that the strata containing them are nearly, if not

exactly, on the same geological horizon.

5. Kota on the PranMid.—And now, as I have pointed out the

connexion between our Nagpur plant-strata and those of Bengal, so

with the addition of the Mangali beds and their animal remains, I

may institute a comparison between them and the rocks at Kota, on

the Pranhi'ta. There, under a great thickness of coarse iron-banded

sandstones, developed in the neighbouring hills, we have thin-bedded

strata abounding, as at Mangali, in animal remains, including

Lepidotus Deccanensis, L. hngieeps, L. breviceps, and (Echmodus

Egertoni. In addition to these ganoid Fishes obtained by the late

Drs. Walker and Bell, I have procured from the same locality the

exuviae of Insects and Entomostraca, among which there are Gypridm
and a species of Esikeria determined, on the authority of Mr. Rupert

Jones, to be identical with the larger form at Mangali. With this

connecting link between the two series of rocks, the presumption is

that they are of the same age. The vegetable remains at Kota seem
to consist principally of stems, but in such an imperfect state of pre-

servation as to be wholly unrecognizable. Dr. Bell, however, in a

Layer of sandstone only G feet below the iehthyolitic bituminous shale,

discovered impressions of " leaves," which (although he was disposed

to consider them dicotyledonous) belonged to a genus with simple

entire fronds and anastomosing venation; and I conceive myself

justified in believing them to have been acrogenous, and belonging

to a species of GJossopteris. The arenaceous stratum containing

them is obviously part of the same series as the bituminous shale,

with which it alternates, there being as much of the shale below as

above the sandstone. Now, as from the existence of a species of

Esikeria common to the rocks at Mangali and Kota, Ave inferred

their contemporaneousness, so from the discovery of what appears to

be a species of Glossopteris at Kota, we are led to the conclusion

that the rocks there are connected in age with those near Nagpur,
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in which that genus abounds : and this comparison of the strata at

Kota, first with those at Mangali and then with those near Nagpur,

confirms the evidence which I have already adduced of the close re-

lation between the Mangali and Nag-pur beds.

Dr. Bell's shaft, which has furnished me with most of my infor-

mation regarding the succession of strata at Kota, ended in a deposit

of red clay lying 73 feet below the bituminous shale with Fish-re-

mains. Can this be the red clay which is found at Malecft, 30 miles

N.N.W. of Kota, to embed coprolites and several forms of Ceratodus

teeth, which have been described by Dr. Oldham in a recent publi-

cation of the Indian Geological Survey ?

6. Edjmahdl Hills.—How the upper beds of the Rajmahal Hills

stand related to the strata that have engaged our attention, and
whether there are any examples of them in the Nagpur province,

are questions which meet us here. It is obvious that some interval

elapsed between the deposition of the inferior and superior beds at

Rajmahal. How great, then, was that interval? To me it appears

not to exceed the space of time requisite for a whole formation ; as

the floras of the respective periods, though different, are not so di-

stinct as to indicate a decided change in the circumstances of their

growth. In both we have Tceniojpteris and the Cycadacece, the latter

being represented in the lower strata of Bengal by Zamites Buixhva-

nensis, and in the higher by several species and genera. The equi-

valents of the upper Rajmahal beds have been met with by Mr.

H. B. Medlicott, on the Hurd River, a little south of the Narbadda*.

This discovery brings the existence of these rocks very near our

province, but hitherto they have not been found within its limits.

It is possible that some of the vegetable impressions occurring at

Kampti, especially one or two species of Tceniopteris, are originally

from this source • for most of the fossil plants there are not found

in situ, but in blocks dispersed through the coarse iron-banded sand-

stone. There can however, I think, be no doubt that the greater

portion of these remains are the same as others still in their original

position in the laminated sandstone of the neighbourhood ; and even

to the hypothesis that the remainder may belong to a younger
group of strata, there is this objection, though only of a negative

kind, that at Kampti, so far as known, there is a total absence of

the Cycadacece which characterize the upper beds of Rajmahal.

7. Comparison of the Strata and Fossils of Ndgpur, Barkoi and the

Mdladewas, Mangali, and Kotd.—Setting, then, this higher series at

Rajmahal and the Hurd River in a category by itself, let us endea-

vour, by a comparison with formations out of India, to determine

the age of the rocks near Nagpur, at Barkoi and the Mahadewas, in

"Western Bengal, and at Mangali and Kota, all of which we have seen

to be almost, if not altogether, contemporaneous.

(1.) Fossil Flora of New South Wales.—There are certain deposits

in New South Wales which, it must be acknowledged, present ob-

vious features of resemblance to the Indian strata under considera-

tion. The connexion between those beds in Australia and ours in

* Indian Records, x. p. 17.
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India consists in the occurrence in both of the gemis Peco_pter!s,

Sphenopteris, Olossopteris, Phyllotheca, and Vertebraria ; a leaf which
is figured in Strzelecki's ' Physical Description of New South Wales '

under the name of Zeugophyllites ; and a large seed or seed-vessel, of

which there is an Australian specimen in the British Museum. In
regard to the genus Olossopteris, the resemblance between some of

the specimens from India and others from Australia is so close as to

lead to the belief that the species are either nearly allied or identi-

cal. The same may be said of the genus Vertebraria*, the leaf, and
the seed or seed-vessel above referred to ; while there is a general

similarity of form in Pecopteris, Sphenopteris, and Phyllotheca. At first

sight the vegetable remains which I have enumerated might be

regarded as palaeozoic, seeing they are found in strata which in

Australia are said to alternate with beds containing Mollusks of a

Carboniferous or even Devonian aspect ; but as the localities where
these shells occur are far from affording a complete series of forma-

tions for comparison with those of other countries, their precise age

cannot in the mean time be ascertained. The southern hemisphere

seems to be the only part of the world in which we meet with such

a combination of plants and quasi-carboniferous or quasi-devonian

shells ; and since in other districts plants similar to most of them
are common, along with animal remains that are evidently not pa-

leozoic, we are reduced to the necessity of supposing either that shells

apparently palaeozoic survived in Australia to mesozoic times, or

that plants which in other places flourished at a comparatively late

period were introduced on the stage of being there at an earlier

epoch. Perhaps it will be found that the Mollusks and Plants at

our antipodes met each other half-way ; for while there is a great re-

semblance in the floras of the Indian and Australian geological fields

which we have been comparing, and while, on the whole, they ex-

hibit a Lower Jurassic fades, yet some plants that are most charac-

teristic of the Jura formation are wanting in New South Wales,

though frequent in India—I refer to Tceniopteris and Zamites. But
this is mere conjecture. It must be confessed that the whole sub-

ject of these fossils from the Newcastle and Hawkesbury basins is in-

volved in obscurity. Still that obscurity, resting on isolated spots

with a very limited succession of rocks, ought not to prevent us from

receiving light from other parts of the world, where the stratigram

phieal series is much better developed, and the relations of its various

members indisputably fixed.

(2.) Fossils of the Indian Plant-bearing Sandstones and Coal-

fields.—To the consideration of these better-known localities let us

now proceed.

A. Plant-remains.—Among our Indian plants a very marked
feature is the abundance of simple-fronded Perns. This of itself, as

it appears to me, would favour the supposition that the rocks in

which they occur are of Jurassic age, as it is in strata of that period

that simple-fronded Ferns are most numerous in Europe. But the

inference becomes still more probable when we advert to the parti-

* See the remarks on Vertebraria in the preceding paper, supra p. 339.

—

Edit.
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cular genera of these Ferns. The most common is Glossopteris. This

is not at present looked on as a European genus ; but having had
an opportunity, through the kindness of Professor Allman, of in-

specting the plants collected by the late Hugh Miller at Helmsdale,

and now deposited in the Museum of Edinburgh University, I see

no reason to doubt its occurrence in the Oolite of Sutheiiandshire.

Most of the specimens that I examined, I am aware, are probably

only detached portions of the compound frond of Sagenopteris ; but

there are others, such as those marked " 48" and " 104," which seem
too large to be so regarded. Besides, some (e. g. No. 54) are furnished

with one or two specks that bear a striking resemblance to the

punctiform sori of a true Glossopteris. At Bayreuth also there are

single fronds, which differ in size and form from Sagenopteris, and
agree much more in these respects with our Indian genus. If,

therefore, the Lower Jura of Bayreuth and the Oolitic beds of Helms-
dale do indeed yield Glossopteris, then the presumption is that,

seeing this genus, like its nearest ally among the compound-fronded
Ferns, is confined in Europe to the Jura, our eastern rocks contain-

ing it belong also to that formation.

A similar conclusion may be deduced from the abundance in India

of the genus Tamiopteris. If all the specimens found in the blocks

at Kampti are from the inferior beds, there would seem to be three

species from these rocks in our province, one of them being from
the carbonaceous strata at Barkoi in situ. Now this genus, with
the exception of two or three species, is never found at a lower level

than the Trias, and it even ranges as high as the Wealden. It

reached its maocimum, however, as is well known, in the Jura. One
of the species common in the Kampti boulders bears the closest affi-

nity in shape, size, and venation to Tceniopteris magnifolia of Prof.

W. B. Rogers, from the lower Jurassic strata of Eastern Virginia.

The same relation to European Ferns of Jurassic age is borne by
our compound-fronded genera. One species of Pecopteris from
Kampti seems to me to resemble P. Haiburnensis from the Lower
Oolite of Scarborough, more than any older form. Again, we have
from Kampti a tripinnate frond with bifurcate venation, but without
a central midrib, which differs from any genus, so far as I know,
that has yet been described. A similar Fern, however, without a
name, has beenfigured by Baron de Zigno from the Lower Jurassic

beds of Northern Italy.

In the province of Nagpur we have hitherto met with no decided

Cycadacece. But the contemporaneous coal-basin of Rani-ganj, ac-

cording to McClelland, presents us with a species which he has
named Zamia Burdwanensis. Few members of this family have
yet been discovered under the Jurassic formation. At Kampti there

has been found a portion of a leaf, apparently lanceolate, with fifteen

somewhat parallel veins, which in a preceding part of this paper I
have identified with the Zeugophyllites of New South Wales. This
name has been changed by Schimper and Mougeot for Schizoneura

;

but in my opinion the Schizoneura of these authors is not the same as

the leaves of New South Wales and Kampti. The plant figured from
VOL. XVII. PART I. 2 B
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the Oris bigarre of the European continent appears to have possessed

narrow leaves arranged in a verticel ; but our leaf and that from
Australia are broader, and agree better with the pinnae of a plant

from Burdwan, which is now in the British Museum. In that fossil

the pinnae resemble those of the larger specimens of Zamites distans,

only they are opposite, and not alternate as in Sternberg's species.

If I mistake not, its pinnae are characterized by 14-16 sub-parallel

veins, like our imperfect specimen. If it is not to be classed with
Zamites, to which it bears an obvious affinity, I think the old name
of ZeugophyUites should be continued for it as the most appropriate.

The stems in our collection present peculiar difficulties. But it is

something to know that none of them belong to the Calamites of

the true Carboniferous series. Those that have been taken for such

appear chiefly to belong to the genus Phyllotheca, which has recently

been discovered by De Zigno in the Lower Oolite of the Yenetian
Alps. I am persuaded that, were the foliage of the sulcated stems
from Eastern Virginia obtained, some of them which agree in all

respects with our leafless stems of Phyllotheca* would be ascer-

tained to belong to this genus, which so abounds in the rocks of New
South "Wales, India, and Northern Italy. Another of our stems, not

furrowed however, but ribbed, which was found by my friend Mr.
Hunter at SilewMa, and is distinguished by its deciduous disks near

the joint, is evidently related to the Equisetites lateralis from the

Oolite of Scarborough. At Mangali there occur two stems, which, if

I may judge from description alone, resemble two met with in the

Virginian coal-field ; one apparently being a Knorria, and the other

probably having some connexion with the fossil which Sir C. J.

Bunbury compares with SigiUaria or Aspidiaria Menardif.

In speaking of some reticulated, simple, entire leaves brought to

light by Dr. Bell, I have ventured to suggest that they were most

probably fronds of Ferns, as dicotyledonous leaves of that form are

not known below the Eocene. I am inclined, however, to believe

that exogenoxis plants did exist at the period in question. At Sile-

wa7?a there is an abundance of stems of considerable size, which have

lost their woody structure, but seem to have possessed bark striated

obliquely upwards from left to right. In addition to this external

marking, most of our specimens exhibit the cicatrices of leaves, and

in one case there is a round sprouting bud left after the foot-stalk

has fallen off. Some of the scars are longitudinal, others are trans-

verse, but all are sparsely distributed over the stem. The transverse

scars slightly resemble those left on the trunk of the Papaw ( Garica

Papaya), if the resemblance were to hold good also as to the soft

nature of the wood, we could easily understand how it is that the

trees now referred to present to us nothing but the bark. But,

whether those bearing merely scars are to be ranked as exogens or

not, I must submit, with all deference, that the stem with the round

bud belongs to that division of the vegetable kingdom. And if so,

it would add to the proof which I have brought forward, that the

* e. g. Calamites planicosfatus, Trans. Amer. Geol. Soc. 1840-2.

t Quart. Journ. Gteol. Soc, vol. iii. p. 286.
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plant-bearing beds are not very low in the Mesozoic series. These
stems belong to genera seemingly altogether undescribed. The only

fossil that has fallen under my observation which admits of being

compared with them, is one figured by Professor Hitchcock in his

paper on the Sandstone Formation of Connecticut and Massachu-
setts*, which has been shown by Prof. W. B. Rogers to be nearly

on the same horizon as the Richmond coal-basin. The object there

represented, as Sir C. Lyell justly remarks, cannot be a Tamiopieris,

but it may very well be a compressed branch or trunk of a tree, on
which supposition the oblique lines from left to right would corre-

spond with the markings on the bark of our SilewacZa stems.

Before leaving this part of my subject, I would remark that some
of our seeds or seed-vessels remind me of some that occur in the Lower
Oolite at Stonesfield along with Tosniopteris.

B. Animal-remains.—Turning now to the animal-remains, we
find that, like our plants, they are best represented in rocks of the

Mesozoic epoch.

When I transmitted the cranium of Brachyops laticeps to your

Society in 1853, 1 pointed out its relations to the Labyrinthoclontidai,

which had never before been recognized in the East, and attempted
also to indicate the section of the family to which it belonged. To
me it seemed to have little connexion with the ArcJiegosaurus, &c,
but to be allied to that division of Reptiles which Yon Meyer has

named Prosthophthalmi, and to approach most nearly the genus Me-
topias. Professor Owen in his description did not enter on this part

of the subject; but I am glad to perceive that Professor Huxley has

since had occasion to allude to it, while speaking of the remains of two
Reptiles from South Africa and Australia, and, without knowing that

it had been done before, has shown a relationship to exist between the

Mangali Brachyops and the Metopias of the Keuperf . We are thus

authoritatively furnished with a means of judging of the era of our

Labyrinthodont, which proves to be the division of the Trias nearest

to the Jurassic formation.

Together with the Brachyops skull, there occurs at Mangali a great

abundance of an Entomostracon, which, in accordance with a sugges-

tion from my friends Drs. Leith and Carter, I was disposed in 1854
to call Limnadia, but which Mr. Rupert Jones prefers to class with
Estheria. This species, which is almost equally common at Kota
and Mangali, is somewhat similar to that found in Virginia ; but it

perhaps still more nearly resembles in form and ornamentation the

species that sports in the pools of Central India at the present day,

and which a few months ago was described and figured by Dr. Baird
as E. compressa%. Besides Estheria we have another genus of Ento-

mostraca at Kota—I mean Cypris. From its elongate form Mr.
Jones feels warranted in saying that, according to our present know-

* Plate 14. fig. 2, Trans. Amer. Geol. Soc. 1840-2.

t Quart. Journ. Greol. Soc, vol. xv. p. 647. Prof. Huxley here speaks of the

affinity between Micropholis and Metopias, and subsequently of the resemblance
that Micropholis bears to Brachyops.

\ Zool. Soc. Proceed., vol. for 1860, p. 188.

2 b 2
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ledge, we should not know where to look for its analogue in rocks

older than the Lower Jura or Upper Trias.

In the same limestone as contains these Entomostraca at Kota, we
are presented with an interesting assortment of Insect exuviae, in-

cluding the wing-covers of Blattidm and the elytra of Beetles, which
forcibly remind me of the researches of the Kev. P. B. Brodie in the

Lower Jura of England. The Fishes of this limestone and its asso-

ciated bituminous shale have been pronounced by Sir P. G. Egerton
to belong to a " true Oolitic form, and apparently of the date of the

Lias*". Finally, an imperfect bivalve found in the shale withiepi-
dotus Deccanensis exhibits an appearance of corrugation at the umbo
such as characterizes the genus Unio, a Mollusk of comparatively

recent introduction on the stage of existence.

Combining these results, it would appear that of the rocks which we
have been comparing, while one fossil (viz. the Brachyops of Man-
gali) points to the highest member of the Trias, and while the abun-
dance of Estherice associated with it would indicate either that or

a Lower Jurassic age, the latter organism is found at Kota, with

Fishes, Insects, Cypris, and Unio (?), which are all in favour of an
epoch not lower than the Lias. Arid to this same side of the balance

must be added the evidence of Glossopteris, Tamiopteris, a species of

Pecopteris, the furcate-veined tripinnate frond, the Cycadaeece, the

Phyllotheece, disk-bearing Equisetites, the stemswith obliquely striated

bark, and some of our seeds or seed-vessels. It may be that these

Indian strata constitute a sort of passage between the Lias and Trias,

as has been suggested by Mr. Jones in a valuable note on Esiheriaf;

and certainly the Ceratodi of MalecZi cannot fail to call to mind the

Bone-bed of Aust
; but, upon the whole, I am still of opinion that

the weight of testimony lies on the side of the Lower Jura, as I en-

deavoured to prove in a paper submitted to the Bombay branch of

the Royal Asiatic Society in March 1853. And, on this view of

the age of the contemporaneous fossiliferous strata of Western
Bengal, rsagpur, Mangali, and Kota, if we may assume the red clay

at MaleJi to be the same as the red clay in Dr. Bell's section, about

70 feet below the lowest of the ichthyolitic beds on the banks of the

Pranhita, we may understand how appropriately the Ceratodus teeth

of the one locality are found beneath the Lepidotus, Insects, Ento-

mostraca, Unio (?), and reticulated fronds of the other.

3. On the Relative Positions of certain Plants in the Coal-bearing
Beds of Australia.

By the Eev. W. B. Clarke, M.A., F.G.S.

In the " Observations on the Flora of the Oolite," by Baron de

Zigno, published in the Quarterly Journal of the Society, No. 62,

* Quart. Joiirn. Geol. Soc., vol. vii. p. 272; vol. ix. p. 351.

t Quart. Journ. Greol. Soc, vol. xii. p. 376.
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there is a paragraph* respecting the supposed non-verification of
certain genera of plants in the Australian coal-fields, which were
reported by me in 1847.

It is only right that I should offer a few words of comment on
that paragraph.

By reference to the same number of the Quarterly Journal (p. 147),
it will be seen that Mr. Selwyn has already recognized in Eastern
Victoria " true Carboniferous plants ;" and he further states that
" in Tasmania the coal-bearing beds rest quite conformably on and
pass downwards into calcareous beds, the fossils from which are, I
believe, nearly all Carboniferous or Devonian forms."

Now this is precisely the case in New South Wales, in which
colony the plants said to be Jurassic occur (coal-cliffs, Mulubimba,
near Newcastle, mouth of Hunter River) in the same beds and
blocks with heterocercal Fishes, one of which is figured by Dana f
as Urosthenes australis, and was acknowledged by Agassiz to be
a palaeozoic fish.

In other portions of New South Wales, and in the new colony of

Queensland, in close connexion with calcareous beds holding abun-
dance of " Carboniferous and Devonian " zoological forms, occur
shales and fine calcareous grits charged with the plants which I
reported in 1847, and which Baron de Zigno does not find verified

by Messrs. Morris and McCoy.
The latter gentleman examined and reported on the collections

which I forwarded to Professor Sedgwick, and which are now depo-
sited in the Woodwardian Museum at Cambridge ; but he did not
mention the fossils alluded to by De Zigno, because I did not, at that

time, include them in my collections for the university. Nor could

Professor Morris mention such in his account of the fossil flora

published in Strzelecki's work, because at that time none of the older

forms had been found by Count Strzelecki, and no one besides my-
self had made any discovery of such plants in Australia. But Mr.
Selwyn's paper referred to above is sufficient to verify the facts I
communicated, so far as concerns the particular genera to which Mr.
Selwyn alludes. Moreover, I placed years ago, in the Australian

Museum at Sj'dney, specimens of these disputed plants ; and in the

present year I saw one of them in the University Museum at Mel-
bourn, which had been found in Gipp's Land.

Some years since I forwarded specimens to England, and one was
considered at the time, by Professor McCoy, to be a Lepidodendron
of the English coal-fields, so much did it resemble a well-known

* " This would not be the case with those of Australia, if the observations
made in 1847 by the Rev. Mr. Clarke were confirmed ; for he mentions in these
deposits the presence of the genera Sigittaria, Lepidodendron, and Stigmaria,
which would settle the question. But I am not aware that the facts thus cited

have been since verified. On the contrary, no mention is made of these genera
in the works of Messrs. Morris and McCoy, in which we are presented with a
series of forms among which, together with local types analogous to those of
India, there are species which recall the Jurassic flora of Scarborough." (Vol.
xvi. p. 111.)

t Geoiog. U. S. Soc Expi. Exp., pi. 1. fig. 1.
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species. Afterwards another was noticed by the late E. Forbes*, who
expressed his doubts whether that fossil was a Lepidodendron at all.

The late Mr. Stutchbury mentions two from the coal-formation on
the Storton River, in the vicinity of calcareous rocks which have
their equivalents on the Hunter River, where the overlying coal-

measures contain the Jurassic (?) forms. And he also figures one
under the impression that it had not before been figured from
Australiat

.

In the course of my explorations in the northern districts of this

colony, I found abundance of these Lepidodendra, with other allied

genera, in a peculiar shale mentioned by the late Allan Cunningham
as occurring on the Peel River %. This rock occurs also not far from
Goonoogoonoo ; and from it I have made a considerable collection, of

which I now propose to forward specimens for comparison § ; as they

resemble in some respects Goppert's Pachyphlceus \\ rather than the

usual forms of Lepidodendra, it may be well to ascertain whether
they belong to that plant. Similar fossils exist in the neighbourhood

of "Wellington Valley, to the west of Bathurst ; and lately I have
found that abundance of them occur in the shale forming the surface

in places, at Canoona (where a considerable gold-field exists), on the

Fitzroy or Lower Mackenzie River in Queensland, nearly half a

degree north of the tropic of Capricorn, and a few miles east of the

150th meridian. They were considered by the persons who first

saw them there as belonging to a " tesselated pavement," and ex-

cited great curiosity. In one of the grooves defining the leaf-

scars, I detected a minute particle of gold, which had settled in it

from the alluvium above.

M. Odernheimer also mentions similar Lepidodendra in his

account of the Peel River district, published in our Proceedings % ;

and from my own inquiries I know they occur abundantly along the

IVInnilla River, and in that part of the Liverpool Plain country which
skirts the western limits of the Peel and Bingera Gold-fields, the

latter of which has on that border coal (near "Warialda), and just

such grits and sandstones as cover the coal along the coast from the

Hunter to the Illawarra ; the usual underlying calcareous beds,

abounding in Carboniferous and Devonian zoological forms, also

making their appearance, as they do to the west of Newcastle.

I consider, therefore, that there has been a sufficient verification

of some of the genera I reported in 1847**, since they have thus

been found in various parts of a region extending from 23° to 37°

S. lat., at least one thousand miles of direct distance.

In the collection which I exhibited at Paris in the year 1855, were

included two specimens marked in the catalogue as " Lcpidoden-

* Lectures on Gold, 2nd edit. p. 53.

t Report to New South Wales Government July, 1853 ;
Parliamentary Blue

Book, Dec. 1854, p 18—20.

t Proceedings Geol. Soc, vol. ii. p. 109.

§ The specimens have not yet arrived, July 15, 1861.

—

Edit.

||
Fossilen Farnkrauter, pi. 43.

Quart. Journ. Geol. Soc, vol. xi. p. 401.
** See also Quart. Journ. Geol. Soc, vol. iv. p. 60.
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dron" and one " Sigillaria*," and mention is made of the probable

age of them in the introduction to the catalogue of my collection f.

It cannot, then, be said that publicity has not been given to at

least some of the genera I reported ; and if in any of the others I

may have erred from want of means of comparison in this country,

yet there is no doubt that plants apparently older than those called

"Jurassic" occur in Australia under circumstances no way distin-

guished from those which mark the reputed younger forms, in rela-

tion to the overlying sandstones and underlying calcareous beds

containing true " Carboniferous" animal remains.

When Mr. McCoy wrote his valuable account of my fossils at

Cambridge, he concluded from what he saw that there must be two
periods of wide interval—the plants marking an Oolitic and the

animals a Lower Carboniferous epoch, equivalent to that of Ireland,

and without any confusion of type J. But discovering plants of the

genera I reported occurring under the circumstances described above,

and not comprehending how this could be without assuming the

whole series in which coal occurs to be one consecutively, he expressed

the desire that geologists would withhold theirjudgment till the whole
evidence had been adduced. To assist in this inquiry into the true

age of our Australian coal-beds, I therefore divided the succession of

beds, as in the Paris catalogue before mentioned, and have since

briefly described my divisions in a little work recently published at

Sydney §. These divisions conveniently group the strata, even if,

eventually, they have no direct bearing on epochal succession, though
there really appears to be a sort of grouping in the fossils equivalent

to that in the strata themselves.

It must, however, be observed that the distinguishing feature of

the strata in Australia is their variableness; and to so great a

degree is that observable, that I, for one, would scarcely venture in

any part of the coal-fields to trust any stratum further than I could

see it.

Notwithstanding this, however, there are four main groups of

strata, generally sufficiently distinct for such divisions as I have
made, and which show that it is scarcely right to class them, as has
been done, in two widely distinct formations.

The evidence now collecting as to the formations in other countries

seems also to show that, so far as they are concerned, but little light

is thrown on the age of the Australian coal-beds ; for if, as Baron de

Zigno maintains [|, the Bichmond plants, and, as Mr. Bunbury says 5Tj

the Indian plants do not prove what has been deduced from them, so

it may come to pass that the evidence hitherto derived from the

Australian flora may, on further examination, receive a modified

form.

At present no notice has been taken as to the association of

* See British Catalogue Expos. Universelle 1855, p. 102.
t Ibid., p. 100, and P. S. p. 103.

J Ann. Nat. Hist., vol. xx.

§ Kesearches in the Southern Gold-fields of New South Wales, chap. xiv.

||
Quart. Journ. Geol. Soc, No. 62, p. 112. f Ibid. p. 115.
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certain Fishes with the so-called Jurassic plants ; for the fact that a

palaeozoic Fish was found in one of the pits at Newcastle in the

same block with the Plants in question, which are called Oolitic, has

not shaken faith in the latter assumption. Yet that fact must be

explained away before the view in question ought to be adopted.

And if it should be found that certain genera, such as Glossopteris

and Sagenopteris, are not always of so recent date as the Jurassic

epochs ; if it should also be found that the supposed palaeozoic plants

{Lepidodendra, &c.) ascend higher than the Lower or Upper " Carbo-

niferous," then it may be that (which I have been inclined to believe

may be the case) there is an epochal as well as stratigraphical sac-

cession in the Australian coal-bearing beds. The only way to settle

the doubt unmistakeably would be to have a complete and careful

measurement made of all the beds supposed to be contemporaneous
in all the Australian colonies, and to collocate them after due inves-

tigation.

But that is at present an "impossible quantity;" we must be

content with such evidence as we have ; and as a contribution to

the general data, I will make a few further remarks.

In Victoria, the geological survey obtained in the early part of

this year a Tceniopteris from the neighbourhood of Cape Paterson,

and have recently obtained other plants of supposed like age from

the neighbourhood of Geelong. These fresh discoveries have been

taken to demonstrate the Oolitic age of that vicinity. Now, in my
examination of the Barrabool Hills, near Geelong, in 1856, I saw
enough to induce me to consider that the beds of that neighbour-

hood (especially about Ceres) belong to the first or upper divi-

sion of the New South "Wales series, and to my Wianamatta beds.

But the other divisions must not be forgotten. The four divisions

are—1. Wianamatta Beds; 2. Hawkesbury Bocks; 3. {Workable)

Coal-beds; 4. " Lower Carboniferous Bocks " of McCoy :

—

1. Wianamatta Beds. Upper Carboniferous. 800
to 1000 feet thick.

Hawkesbury Bocks ("Sydney Sandstone" of Dana)'Jurassic"

(McCoy).

Upper
Carboni-
ferous or

Permian
(Dana).

r Middle
3. Coal-seams of Newcastle, &c. < Carboni-

l»
[ ferous.

" Paleozoic »
1 4 L Carboniferous Rocks.

(McCoy). /

In New South Wr
ales the W7ianamatta beds contain Fishes, which

are heterocercal and certainly not so near to Pholidophorus as to

Pal&oniscus, to which I consider some of them to belong. A species

of Phylhtheca, as well as Sphenopteris, is found in the same beds

with the Fishes ; and a Mytiloid shell accompanies them.

The following Plants from this division I sent to Cambridge, and

they were determined by Mr. McCoy :

—

Gleichenites odontopteroides. Pecopteris tenuifolia,

Odontopteris microphylla.

[Phyllotheca Hookeri is marked in the memoir from Clarke's Hill ; but it is a

mistake probably from accident, as that species belongs to much lower beds than

these.]
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I have recently procured a species, with Pish, from the same divi-

sion, which in some respects resembles a Tceniopteris, but is probably

not such. It will be forwarded to England. In Tasmania, both in

1856 and in 1860, I examined carefully the section from Launceston
to Hobart Town, right through the island, and traced what I believe

to be an equivalent of my Wianamatta beds of New South "Wales,

from the neighbourhood of Spring Hill nearly to the Derwent. They
appear to be in great force about Green Ponds and up to Lovely
Banks, near which I found beds before unnoticed as fossiliferous, in

which are plants of a different character to any hitherto found in

that or this country. I will also forward them.

The second division, or Hawkesbury Pocks, are in Strzelecki's

book classed as Pliocene* ; but the Fishes contained in them are

nearer to Platysomus and Pygojpterus than to any Tertiary genera

;

and over them the Wianamatta beds attain a thickness of from 800 to

1000 feet. No Plants from these rocks were sent to Cambridge,

because I had not then found any. But in the beds with the Pish

were Sphenopteris, &c, and in the massive sandstones, along the

Hawkesbury itself, I have found casts of large fronds like Odonto-

pteris. Neither in Victoria nor in Tasmania have I seen any beds

which I can consider the direct equivalents of these, either in mass
or in distinct resemblance ; but patches of sandstone underlying the

supposedWianamatta beds, about the descent to Bagdad and Brighton,

occur in Tasmania, which might occupy their position. As Mr.
McCoy considers these two divisions with the third, or the work-
able coal-beds, to belong to the Oolite, it becomes important that the

new fossils should be examined. But Mr. Dana considers f that these

same three divisions belong to the true " Upper Carboniferous or

partly Permian." I have already alluded to the Pish Urosthenes

australis, on which in part, as well as on certain Plants, as Ncegge-

rathia elongata, Mr. Dana founded his opinion.

The Plants from the third division (which cannot be separated from
the second, as the Hawkesbury Pocks cover and pass into the coal-

measures, containing coal-seams in their lowest masses) are, as indi-

cated by Professor McCoy's memoir, as follows :

—

Sphenophyllum (Vertebraria) australe. Glossopteris linearis.

Sphenopteris lobifolia, Morris. Noeggerathia (Zeugophyllites) elongata,

alata, 1 var. exilis, Morris. Morris.

hastata. Phyllotheca australis, Brongn.

The other plants described by Professors Morris and Dana belong

to this division J.

Germana.

plumosa.
flesuosa.

raniosa.
• Hookeri.

Otopteris ovata.

Cyclopteris angustifolia.Glossopteris Browniana, Brongn.

% The following are the plants enumerated by Morris :

—

Sphenopteris lobifolia. Pecopteris odontopteroides.

alata, var. exilis. Zeugophyllites elongatus.

Glossopteris Browniana, Brongn. Phyllotheca australis, Brongn.
Pecopteris australis.
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Thus far, it may be said the evidence went up to a certain period.

But no place has been found for the plants whose verification was
doubted. Where do they belong in Prof. McCoy's gap between the

Oolite and the " Lower Carboniferous" ?

It might be said truly they are " Upper Carboniferous." But in

1859 a discovery was made at Stone Creek near Maitland, which
again complicates the question. Mr. Bourne Russell made two pits

at the place mentioned, and passed through four or five workable
seams, the beds between which and on the top, consisting of coarse

grits and conglomerates full of Pachydomi, Spiriferi, Orthoceratites,

large Conularice, Asteridce, &c, prove that these coal-seams are not

in beds supposed to be Oolitic, but in McCoy's Lower Carbonife-

rous. And to complicate still further the whole, below the coal-

seams a bed of shale was reached in which are impressions of
Noeggerathia (or ZeugophyWtes), Qlossopteris (or Sagenojpteris), and
other plants, such as Gyclopteris, that look as much like Jurassic as

any that are so called.

Mr. Russell, at my request, placed at my disposal the whole series

of excellent specimens, with memoranda of depth, &c. The locality

is known to me, and I collected Pachydomi, <fec, abundantly from
the vicinity ; so that these seams and Plants unquestionably occur

in the midst of beds considered to be Lower Carboniferous.

I do not pretend to explain this anomaly, if it be one : but it is

deserving of notice that the supposed Lepidodendra, &c, do not

occur in the same beds with the Glossopteris, &c, described by Mr.
McCoy, but they occur apparently in similar relation to the animal

remains in other parts of the country. And they may, for any-
thing known to the contrary, occupy a corresponding position in re-

lation to the lower members of the " Lower Carboniferous" rocks as

the supposed " Jurassic" plants do to the upper members of that

formation. The whole affair is mysterious, and leads to an opinion

that the hitherto received conclusion must be modified.

Within the last few years the search for coal has been greatly on
the increase in New South Wales ; and various deep shafts have been
sunk between the back of the cliffs at Newcastle and the junction of

the Hunter and Williams Rivers, near which at Muree (Raymond
Terrace) many of the animal remains described by McCoy, Dana,
and Morris were found. Some of these shafts show an uninter-

rupted series of coal-measures to a depth of 400 feet, without

reaching the floor of the basin. Coupled with the facts already

enumerated and divers others, such as the occurrence of coal and

By Dana :—
Coniferre.

Noeggerathia spatulata.

media.
—— elongate* Morris.

Sphenopteris lobifolia, Morris.

Glossopteris Browniana, Brongn.
ampla.
Reticulum.

elongata.

Glossopteris (?) cordata.

linearis, McCoy.
Phyllotheca australis, Brongn.
Clasteria australis.

Anartlirocanna australis.

Cjstoseirites (?).

Austrella rigid a.

Confervites (?) tenella.
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fossilized wood in the midst of the Muree fossils,—the existence of

coal in association with beds of fossils of Lower Carboniferous age on
the Page River, as at Coyeo and at the back of Mount "Wingen,

where the coal-beds (on fire) contain plants equivalent to those of

Hiih.ibim.ba, and appear to be lower than tfee Spirifer-bearing beds

on the ranges above them,—the occurrence of similar phenomena as

to the presence of the fossilized wood both in the Glossopteris-beds

of Mount Keera and in the Spirifer-beds of Black Head, and others

elsewhere—it does clearly appear that, in the present state of our

knowledge of the stratigraphical disposition in New South "Wales, it

is impossible, without a grave doubt, to admit that the whole of our

coal-measures, if any, are of Oolitic age. A more likely solution

of the difficulty would be the adoption of the conclusion that either

the plants are not necessarily " Oolitic," or, if some of them
are, there is a descending order of an epochal, as well as succes-

sional kind, which may fill up the gap assumed in theory, by suffi-

cient evidence to remove the difficulty there is to all in receiving it as

satisfactory.

That the Carboniferous formation in Australia, whatever becomes
of the disputed beds, is of very great thickness, may be conceived

from the fact determined by me when I was in Tasmania last March,
that the " siliceous breccia " of Strzelecki* is a member of this

formation. Mr. Gould, the accomplished director of the Geological

Survey of Tasmania, will, it is to be hoped, very shortly furnish us

with certain data respecting some of the points discussed above.

As much of the coal of the southern part of Tasmania is chiefly

anthracite, it would be interesting to show whether it is older than

the seams of Jerusalem, Richmond, Jericho, Eingal, the Mersey, <fcc,

and if any phytological evidence exists for connecting it with the age

of the Lepidodendra, &c, of New South Wales; whether all the

coal in Tasmania is younger than the whole of the " Carboniferous"

beds with animal remains ; whether the coal of the Mersey is con-

nected with the latter in the same way as the coal is at Stony Creek

near Maitland, or is rather related to the coal of the Tertiary deposits

near Launceston.

If it is the case that in India genera of plants stereotyped as

" Jurassic " are found in varying species in other formations besides
;

if the identity asserted for such plants in distant countries, such as

India and Yorkshire, is disproved—if the Richmond plants are now
acknowledged to be older—if the reputed age of certain plants in

Africa is in the same category,—it may, perhaps, be yet proved that

the assumption of the " Oolitic" era for that of the Australian coal

is also too general a deduction conjointly from such facts as we have
and from the want of more, especially such as the want of good
unmistakeable deposits in which the animal remains will leave no
further room for doubt. Beyond two specimens found in the super-

ficial Tertiary gravel at Melbourn, no one has pretended to have
discovered in situ any shell or other animal remains of Oolitic age

* PI. 5. fig. 2.
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in all Australia *. Loose on the surface in the neighbourhood of

Grafton, on the Clarence Eiver, a portion of an Ammonite was also

picked up and brought to me ; but it may have been dropped by an
emigrant from Europe, and is of no value in so important a question.

Different, however, is the testimony of my late friend Leichhardt,

who was both a good botanist and a good geologist, and who left

with me his MS. journal, in German, of a geological excursion to

the northward in the year 1842. He therein mentions that he
obtained a plant (named by him, doubtfully at the time, " Equisetum

obtuse striatum?" but which was afterwards found to be a Phyllo-

ilieca) from one of the lowest beds in the section at Harper's Hill,

so well known for its abundant " Lower Carboniferous " animal
forms ; and he further says that he considers that bed was equivalent

to one of the beds in the cliff at Newcastle. There is no doubt

that that plant was in the midst of, and far below, shells and other

fossils respecting which there is no dispute. It is, in short, a fact

well agreeing with the evidence from Stony Creek.

In venturing on this extended discussion of a difficulty, my chief

object has been to show that the age of the Australian coal-beds is

not sufficiently determined at present to justify their being used as a

test of "Jurassic" age of coal-beds in other countries.

At the same time I may add how much I have been gratified in

obtaining Baron de Zigno's work, and that, notwithstanding ail I

have written, I am open to the conviction of evidence.

4. Prof. Huxley, Sec.G.S., made the following observations on
some Reptilian Remains from North-western Bengal:— Some bones,

found by Mr. Blanford in the uppermost portion of the "Lower
DamQda" group of strata in the Banigunj coal-field, and forwarded

to Prof. Huxley by Dr. Oldham, have proved to belong to Labyrin-
thodont Amphibia and Dicynodont Reptiles,—hereby affording new
and interesting links with the fossil fauna of the Karoo Beds of

South Africa, and largely increasing the probability that the rocks in

which they were found are of Triassic age.

Notes on some further Discoveries of Flint Implements in Beds of
Post-Pliocene Gravel and Clay ; with afew Suggestionsfor Search
elsewhere. By Joseph Prestwich, Esq., F.R.S., Treas.G.S.

[This paper, read on May 8th, is, by order of the Council, printed in the
August No. of the Journal, that it may be as useful as possible to geologists

during their autumn excursions.]

Since my communication to the Royal Societyf on the discovery

of Flint Implements in post-pliocene beds at Abbeville, Amiens,
and Hoxne, similar implements have been found in a few new lo-

* Fossils of Upper Mesozoic age have been brought to England from Western
Australia by Mr. F. T. Gregory, and noticed in his paper read before the Geolo-
gical Society on May 22, 1861.

—

Edit.

t Phil. Trans, for 1860, p. 277-
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calities in this country^as well as abroad. It is not my object at pre-

sent to enter into a full account of these additional discoveries, or

to touch upon the many and tempting theoretical considerations

which suggest themselves, but which yet require further and more
varied data. It is for these reasons that I limit myself to a brief stra-

tigraphical description of these localities, for the purpose of directing

attention to them before our Session closes, and also to suggest a

few other localities where search should be made, in the hope that

during the ensuing summer other members of the Society, who may
have the opportunity of visiting some of these places, may join in the

search and discover fresh facts to throw additional light upon this

interesting inquiry.

Suffolk.—In the course of the summer of 1860 Mr. Warren, an
antiquary residing at Ixworth, near Bury St. Edmonds, searching for

Eoman antiquities at Icklingham, between that town and Mildenhall,

received from one of the workmen a peculiarly worked flint imple-

ment. The man told him he found it at a depth of 4 feet, in digging

the gravel at Rampart Hill. Shortly afterwards Mr. Warren in

looking over a heap of gravel by the road-side in that neighbourhood,

found another specimen 5 inches long and of similar form. He
communicated the discovery to Mr. Evans, and this gentleman and
myself took an early opportunity of visiting the place. In descend^-

ing the valley of the River Lark, below Bury St. Edmonds, we
traced, at a level a little above the river, a nearly continuous bank
of gravel. At Elempton I discovered in this gravel a small frag-

ment of some mammalian bone*, but neither there nor elsewhere

did we meet with any flint implements. The gravel is composed
chiefly of sub-angular flints in an ochreous sandy matrix. Mixed
with it are a considerable number of siliceous pebbles from the con-

glomerate beds of the New Red Sandstone, with pebbles of the older

rocks, and fragments derived from the boulder-clay, than which, both

from its position and these mineral contents, I believe it to be newer.

It is spread out in rough irregular beds interstratified with seams of

sand. We could find no shells. The following section (fig. 1) shows
the relation of this gravel, a, to the valley and to the boulder-clay.

Although the two specimens in Mr. Warren's collection want
more conclusive evidence as to their original position, yet neither

Mr. Evans nor I feel much doubt of their derivation from true drift-

gravels ; for in shape, staining, and condition they agree precisely

with the flint implements of the valley of the Somme. The Ickling-

ham gravels should now be the object of a careful and long-con-

tinued search. This is the second locality where flint implements
have been found in Suffolk ; Hoxne being situated in the north-east

part of the county adjacent to Norfolk and in the valley of the

Waveney, which runs into the German Ocean. Icklingham, on the

contrary, is within a short distance of Cambridgeshire, and in the

valley of the Lark, flowing into the Ouse, which empties itself into

the Wash at Lynn.

* Teeth of the Elephas primigenius are found in the gravel elsewhere in the

neighbourhood of Bury St. Edmonds.
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Kent.—In August last year Mr. T. Leech, while searching for

fossils in the cliffs between Heme Bay and the Reculvers, ac-

cidentally found in the shingle at the foot of the cliff a well-formed
flint implement. This induced him to make further search, and in

the course of the few weeks he spent there he found altogether

six specimens. They are all of the spear-head pattern, so common
at Amiens. One specimen, however, is peculiar, and so far unique ;

it is a pointed implement formed out of large, smooth, egg-shaped ter-

tiaryflint-pebble. One end of the pebble is brought to a sharp point,

and the other retains its smooth, rounded surface. In February last

Mr. Evans and I, accompanied byMr. Leech, visited the place, and after

a search of some hours, Mr. Evans found two, and I found one well-

made and undoubted specimen. They were lying on the sand and
shingle at a distance of from 20 to 30 feet from the foot of the cliff,

and distant three-quarters of a mile west from the Reculvers, and a

little to the eastward of Old Haven coastguard-station*. We searched

the cliff for them in situ, but without success. It is to be hoped
that the upper part of the cliff—the part to be searched—may
prove more accessible during the summer months. I satisfied my-
self, however, so far as to determine that at that spot there is at

the top of the cliff, which consists in its lower part of the Thanet
sands and "Woolwich series t, a local pebbly clay deposit of small

extent and about 8 feet thick, and which, I have reason to believe, is

of fresh-water origin, as it closely resembles the fossiliferous deposit

next mentioned. It is to this bed that I would refer the flint im-
plements. Its height above the sea-level is about 50 feet. The
annexed section fig. 2 shows the relation of this bed, a, to the sea-

level, and to the presumed older gravels, b, which cap the higher

ground.

A few years since I found, in a section at Swalecliff near Whitstable,

a freshwater deposit (a in the western part of fig. 2), overlying the

London clav, and aboundingin land- and marsh-shells,withwhichwere
associated a few mammalian bones. I again visited the spot on my
return from Abbeville in 1859, in the hope of finding flint implements.

My search, however, was not successful. We now again returned to

this spot to make a further investigation. On this occasion we had no
soorier reached the small bay east of the cliff, than Mr. Evans was
fortunate enough to find, lying on the shore, an oval-shaped flint

implement, identical in form with those so common at Abbeville.

The specimen was further interesting from its deep discoloration.

It possesses that bright light-brown colour which characterizes the

specimens from the gravel of Moulin Quignon. We searched the

cliff for specimens in situ, but did not succeed in finding any. We
noticed, however, that the fossiliferous clay was underlain by a bed
of gravel, the flints in which had the same peculiar brown colour as

* An old wooden spout projecting from the upper part of the cliff may at

present serve as a guide to the spot.

f For the general section of this part of the coast see my paper in the Journal,

vol. viii. pt. xv. p. 264.
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the flint implement. On a subsequent visit, Mr. Evans found a

small fragment of the tooth of elephant in this gravel high up in the

cliff. This freshwater bed forms one of a series which, commencing
at Chislet*near Grove Ferry, where the deposit contains the Cyrena

fluminalis with other fresh-water and also some few marine fossils,

seems to fringe, at intervals, this range of hills. This particular

deposit at Swalecliff, although consisting of tenacious clay with an
interstratified bed of sand and of gravel, is more analogous to the

loess in its organic remains than to the "Wear Farm deposit ; for

hitherto, although the Pupa marginata and Succinea oblonga are

extremely abundant, and a small Helix is not rare, yet I have not been
able to obtain a single truly aquatic shell. The relation of these

beds to the boulder-clay is not here shown.
Bedfordshire.—Another important and better-observed discovery

has just been made near Bedford, by Mr. James Wyatt, F.G.S. A few
years since, a remarkable number of the bones of the Elephant, Rhino-
ceros, Hippopotamus, Ox, Horse, and Deer were discovered in cutting

through a bank of gravel about one mile north of Bedford on the

Great Northern line of railwayf . Mr. Evans and I shortly after-

wards, accompanied by Mr. Wyatt, visited this and other sections of

gravel near Bedford. The following year Mr. Evans discovered in

the large gravel-pit at Biddenham, two miles W.N.W. from Bedford,

both land- and freshwater-shells at a depth of 8 feet from the sur-

face. These circumstances, combined with the experience acquired

by a visit to Amiens in the autumn of 1860, induced Mr. Wyatt to

turn his particular attention to this pit, which has since been to him
the object of almost a daily pilgrimage. After a search, continued

for many months, he has at last been rewarded by finding two well-

formed flint implements, one of the spear-head shape and the other

oval,—counterparts, in fact, of the two chief French types. The men
had been digging deeper than usual, and it was in a heap of gravel

just thrown out from a depth of about 13 feet that Mr. Wyatt found

on the same day both specimens. A letterj from that gentleman
gives the details of his interesting discovery. I have since visited

the pit in company with Sir Charles Lyell, Mr. Evans, and Mr. Wyatt.
It is situated on slightly rising ground, about 30 to 35 feet above the

level of the adjacent Biver Ouse (fig. 3). It happens that there is an
old well in this pit, the sill of which is about 7 feet below the former

level of the ground. I ascertained the level of the water to be 21 feet

9 inches below the siU. This therefore gives us 29 feet from the

top of the ground ; and if we add, say one foot, for the fall of the

water-line to the river, we have 30 feet as the height here of the

top of the gravel a above the level of the river. The following is

* See another paper by the author, in the Journal of the Society, vol. si. p. 111.

t A very large quantity of the bones were collected by Mr. Reade ; but unfor-

tunately no systematic search was made, and, with this exception, no collection

formed.

% It is not now necessary to publish this letter, as it is embodied in a communi-
cation (to which I beg to refer the reader) by Mr. Wyatt, to the 'Geologist' ofJune,

in which the sections used in illustration of this paper and other particulars are

reproduced.
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the section at that part of the pit where the implements were
found :

—

ft. in.

a. Earth and gravelly soil 1

b. Coarse light-coloured gravel, upper part irregularly stained

brown with apparently infiltrated clay 5 7
c. "White and yellow sand, with Limneus 1 8

d. Whitish fine gravel 1

e. Seam of ochreous sand and grey clay, with Helix and
Limneus 3

/. Seam of light-grey sand and gravel 3

g. Ochreous gravel with an irregular seam of grey sandy
clay, containing Oyclas and Limneus 1

The two implements are supposed to have come from the bed g.

13 6

The seams are very variable. The gravel is subangular, and is com-
posed of fragments of flint, local Oolitic debris, pebbles of quartz and
of siliceous sandstones of the New lied Sandstone conglomerates, with
fragments of various old rocks. In the lower bed are a considerable

number of small blocks of sandstone, oolites, and large flints. The
shells are dispersed throughout from a depth of 5 feet to the base.

They are mostly in fragments, but occasionally perfect. I have, with
the assistance of Mr. Pickering, determined the following species :

—

Cyclas corneus. Bithmia tentaculata.

Pisidium amnicum. Limneus auricularis.

pulchellum. pereger.

Helix hispida. Planorbis carinatus.

pulchella. Valvata piscinalis.

A considerable number of the teeth and bones of the Elej>7iasprimi-

genius, Rhinoceros tichorhinus, and of the Horse, Ox, and Deer have
been found in this pit, chiefly at or near the bottom of the gravel. Now
it is evident that a certain portion of the materials of the gravel are

local, but still there is a large foreign element independently of the

flints. As thevalley drains only an oolitic district, which could not have
furnished any such materials, it is evident theymust have been derived

from the boulder clay, which caps the hills of the district and contains

all the required elements. The hills north ofBedford consist ofboulder-

clay, b, as do also those west of Biddenham
;
they both rise to a height

of about 100 feet above the river, and are separated by a valley

two miles broad. In this valley the gravel forms a wide, nearly level

tract, 60 to 80 feet lower than the hills, but still 20 to 40 feet above
the level of the present river. We have here therefore, as at

Hoxne, another good case of the flint-implement-bearing beds being
newer than the boulder-clay ; whilst in general physical characters

and in the nature and variety of the organic remains we are strongly

reminded of the gravel beds of St. Acheul, near Amiens.
Surrey.—Twenty-five years ago, Mr. Whitburn, of Guildford, was

examining the gravel-pits at Peasemarsh, between that town and
Godalming, for fossil bones (of which a considerable number, inclu-

ding those of the Elephant, had been found here), when his attention

was attracted by a peculiarly shaped flint lying in a bed of sand,

VOL. XVII.

—

part i. 2 c
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interstratified with the gravel, at a depth of about 4 feet from the

surface. He took it away and preserved it in his collection as an
object of antiquarian rather than of geological interest. Hearing,

however, of the late discoveries at Amiens and Hoxne, he sent the

specimen, with an account of his finding it, to Mr. Evans. It is an
undoubted flint implement, rude and of a peculiar wedge-shaped
form. I have one specimen from St. Acheul with which it closely

agrees. This of course can be considered but as a possible instance.

Hertfordshire.— It is only ten days since Mr. Evans, while walk-
ing with some antiquarian friends from Nash Mills to Abbots
Langley, was struck with the great number of quartz, siliceous sand-

stone, slate, and other old rock-pebbles and fragments scattered over

a field near the latter place, and was still more surprised at finding,

among this surface- drift, a weathered flint implement with the top

broken off, but otherwise identical in form with the spear-head-

shaped specimens from Amiens and Herne Bay. Although found on
the surface, Mr. Evans,who is most competent authority on this point,

does not consider it to belong to the Stone-period. On the contrary,

he would refer it to the Pleistocene age. I have been with him to the

spot where it was found. The chalk hills are here about 200 feet above

the level of the Boxmoor valley, and are in places bare, and in other

places thinly covered with gravelly drift. Between this peculiar drift

and the flint implement I myself saw no connexion, and I can merely
mention the fact without venturing to speculate upon it.

We have thus, at all events, three additional counties in which Post-

pliocene flint implements have been found ; and I would now direct

attention to a few other localities where there are beds of fresh-

water gravel and sand, or of freshwater and other associated gravels,

in which I think it highly probable that flint implements may occur.

Placesforfurther Search.—I woidd more especially direct attention

to the gravel- and clay-pits at Copford, Lexdennear Colchester,, and

Sudbury; the brick-pits at Erith, Grays, Ilford, Maidstone, and Salis-

bury ; the low-level gravel-beds at or near Alton, Axminster, Bath,

Blandford, Brentford, Cambridge, Chartham, Chesterford, Chichester,

Chippenham, Croydon, Defford, Dover, Farnham, Faversham, Eolk-

stone, Gloucester, Godahning, Hackney, Hertford, Hurley, Kingsland,

Oxford, Peasemarsh, Beading, Selsea, Stafford, Stamford, Stroud,

Taplow, Wandsworth, Westbury, Worcester, and Orton near Peter-

borough, as some of the places in the south of England where, I think,

flint implements ma}r also, by diligent search, possibly be found. I say
" diligent," because even in places where they are most abundant,

as at St. Acheul, the search must be long before the observer is

rewarded by finding a single specimen ; whilst in other places the

search often seems for a time almost hopeless. Judging from pre-

cedents, our motto should be Nil desperandum.
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J. G. Medlicott.—The Geological Structure of the Central Portion of

the Nerbudda District, 97 (2 maps).
W. Theobald.—The Tertiary and Alluvial Deposits of the Central

Portion of the Nerbudda Valley, 279 (map).
T. Oldham.—The Geological Delations and probable Geological Age

of the several systems of Bocks in Central India and Bengal, 299.

Lausanne. Bulletin de la Soc. Vaudoise des Sciences Nat. Vol. vi.

Bulletin No. 47. October 1860.

Michel.—L'hypsometrie du Bassin du Leman, 372.

C. Gaudin et G. de Bumine.—Coupe de l'axe anticlinal au-dessous

de Lausanne, 418.

Ch. T. Gaudin.—Nouveau Gisement de Feuilles fossiles k Lavaux,456.
. Flore des Travertins Toscans, 459.
. Procede pour calquer des Empreintes de Feuilles fossiles, 471.

Ph. Delaharpe.—Corne de renne du diluvium, 460.

E. Collomb.—Silex ouvres du depot quartaire des bassins de la Somme
et de la Seine, 463.

B. Blanchet.

—

Goniobates Agassizii, 472 (plate).

H. Bischoff.—Sur l'acide hypermanganique, 473.

C. de Saporta.—Sur les plantes fossiles de la Provence, 505.

Linnean Society. Proceedings. Supplement to Yol. vi.—Botany.

Dec. 31, 1860.
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Literary Gazette. New Series. Yol. vi. Nos. 132-142, 144.

Notices of Scientific Meetings, &c.

E. Hull's < The Coal-fields of Great Britain,' noticed, 19.

C. S. Forbes's ' Iceland, its Volcanos, Geysers, and Glaciers,' noticed,

35.

Wogel.—Old Lobenic paal stabs, 230.

London, Edinburgh, and Dublin Philosophical Magazine. 4th Series.

Vol. xxi. Nos. 137-139. January-March 1861. From Dr. W.
Francis, F.G.S.

F. W. and A. Dupre".—The existence of a fourth Member of the Cal-

cium Group of Metals, 86.

D. Forbes.—Geology of Southern Peru and Bolivia, 154.

T. H. Huxley.

—

Macrauchenia Boliviensis, 156.

J. W. Salter.—Palaeozoic Fossils from Bolivia, 156.

T. A. Hirst.—Ripples, and their relation to the Velocities of Currents,

188
J. Nic'ol.—Structure of the N.W. Highlands, 233.

T. F. Jamieson.—Structure of the S.W. Highlands, 235.

H. Mitchell.—Old Red Sandstone of Forfarshire, 236.

P. B. Brodie.—Corals of the Lias, 237.

W. S. Symonds.—Malvern and Ledbury Tunnels, 237.

F. W. and A. Dupre\—Calcium Spectrum, 239.

London Review. Vol. ii. Nos. 33-39. February and March 1861.

Notices of Scientific Meetings, &c.

E. Hull's 'Coal-fields of Great Britain,' noticed, 187.

Loss of Life in Collieries, 199.

M. Faraday.—Platinum, 231.

Stones of the Palace of Westminster, 282.

Longman and Co.'s Notes on Books. Vol. ii. No. 24. Feb. 28, 1861.

Mechanics' Magazine. New Series. Vol. v. Nos. 107, 108, 110-116,

118.

Notices of Scientific Meetings, &c.

J. W. Tavler.—Greenland and its Ice, 23 (figures).

Decay of Building-stones, 85.

Profiles of the North Atlantic, 105 (figures).

Montreal. Canadian Naturalist and Geologist. Vol. v. No. 6.

Dec. 1860.

E. Billings.—On certain Theories of the Formation of Mountains,

409.

F. Bradley and E. Billings.—New Trilobite (Conocephalus minutus)

from the Potsdam Sandstone, 420 (figures).

J. "W. Dawson's 'Acadian Geology' and ' Supplement,' noticed, 450.

J. W. Dawson.

—

Cyclopteris Acadica, 460.

W. E. Logan.—Quebec Group of Rocks and the Primordial Zone of

Canada, 472.

Neuchatel, Bulletin de la Societe des Sciences Nat. de. Vol. v.

Part 2. 1860.

Mortillet.—Sur la structure et la formation des lacs, 185.

Desor.—Sur les instruments fossiles d'Amiens, 206.

Kopp.—Tremblements de Terre a Neuchatel dans le 17me siecle, 279.
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Newcastle-upon-Tyne. Transactions of the Tyneside Naturalists'

Field-club. Vol. iv. Part 4. 1860.

J. W. Kirkby.—Permian Chitonidte, 238 (plate).

New Zealand Examiner. Nos. 12-15. December 17, 1860-March
19, 1861.

TaranaM Steel, 218, 245.

Palaeontograpbical Society. Monographs. 1861.

Wright, T.—A Monograph on the British Fossil Echinodermata from
the Oolitic Formations. Part iv. pages 391-469, plates 37-43.

Edwards, F. E.—A Monograph of the Eocene Mollusca. Part iii.

No. 3. Prosobranchiata, continued.

Owen, R.—Monograph of the Fossil Reptilia of the Cretaceous and
Purbeck Strata,—including Supplement No. 3 to the Monograph on
the Fossil Reptilia ofthe Cretaceous Formations—Cretaceous Ptero-
sauria and Sauropterygia

;
Supplement No. 2 to the Monograph

on the Iguanodon; and a Monograph on the Fossil Lacertian
Reptiles of the Purbeck Limestones.

Davidson, T.—A Monograph of British Carboniferous Brachiopoda.
Part v. No. 3.

Paris. Annales des Mines. 5e Ser. Vol. xvii. 2e Livr. de 1860.

Ch. Heusser et G. Claraz.—Gisement et exploitation du diamant dans
la province Minas Geraes au Bresil, 289.

. . Vol. xvii. 3e Livr. de 1860.

Estaunie.—Des diverses varietes de houille du depai*tement de Saone-
et-Loire, 367.

Gonot.—Sur l'industrie minerale de la province de Hainaut (Bel-
gique), 493.

G. Boilleau.—Sur les mines de cuivre decouvertes pres d'Acton, pro-
vince de Montreal (Canada), 510.

Bibliographie (prem. semestre de 1860), 523.

. . Vol. xviii. 4e Livr. de 1860.

S. Gras.—Sur l'opposition que l'on observe souvent dans les Alpes
entre l'ordre stratigraphique des couches et leurs caracteres paleon-
tologiques, suivi d'un nouvel exemple de cette opposition, 17.

Morin et Tresca.—Determination du coefficient d'elasticite de l'alu-

minium, 63.

H. Sainte-Claire Deville et H. Debray.—De la metallurgie du platine

et des metaux qui l'accompagnent, 71.

A. Delesse.—Recherches d'azote et des matieres organiques dans
l'ecorce terrestre, 151.

. Me'moires de l'Acad. des Sciences de l'Institut Imperial de
France. Vol. xxviii.

. Comptes Rendus hebdom. des Seances de l'Acad. des Sciences.

1860, Deux. Semestre. Vol. li. Nos. 23-26.

1861, Prem. Sem. Vol. Hi. Nos. 1-5.
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Paris. Soc. Greol. de Prance. Bulletin de, pp. 1025-1158. Re-
union extraordinaire a Lyon (Rhone) du l er au 11 Septembre,

1859.

Gras, S.j et Foumet.—Sur les caracteres du terrain de transport connu
aux environs de Lyon sous le nom de " diluvium alpin " ou de
" conglomerat bressan," 1028, 1033.

Foumet.—Sur les phenomenes du lehm, 1049.
. Sur le mont d'Or et sur son systeme triassique, 1083.
. Sur les cailloux impressionnes, 1103.
. Sur les rocbes scbisteuses dites " cornes vertes " et " comes

rouges," 1131.

Tb. Ebray.—Sur la constitution geologique du dep. du Mont-d'Or,
1059.

E. Dumortier.—Sur le terrain jurassique du Mont-d'Or, Lyonnais,
1065.

. Sur les tufs calcaires de Meximieux, 1099.

Fisserandot.—Sur le terrain bouiller de Ternay et de Coramunay,
1115.

Drian.—Sur le terrain bouiller de Communay, 1116.

. Bulletin de la Soeiete Geologique de France. Deux. Ser.

Vol. xvii. Feuil. 45-52. 1860.

Melleville.—Description geologique de la montagne de Laon, 710.

J. Comuel.—Sm* le groupe de gres vert inferieur du bassin de la

Seine, etc., 736.

Bureau.—Sur l'existence de trois etages distincts dans le terrain de-

vonien de la Basse-Loire, 789.

Cb. Lory.—Sur le gisement de la craie blancbe dans la valine d'En-
tremont (Savoie), 789.

Hubert.—Sur le travertin de Cbampigny et sur les coucbes entre les-

quelles il est compris, 800.

Em. Goubert.—Scbistes a Lucines dans le gypse d'Argenteuil, 812.

Philadelphia Academy of Nat. Sciences. Proceedings. Sheets 19-42.

F. B. Meek.—New Species of Fossils from Nebraska, 28.

W. M. Gabb.—Belosepia TJngula from Texas, 324.

F. B. Meek aud A. H. Worthen.—New species of Carboniferous Cri-
noidea and Ecbinoidea, 379.

F. B. Meek and F. V. Hayden.—Catalogue of Jurassic, Cretaceous,
and Tertiary Fossils from Nebraska, 417.

H. 0. Wood.—Carboniferous Flora of the United States, 436, 519.

F. B. Meek and A. H. Worthen.—New Species of Carboniferous Fos-
sils from Iowa, Illinois, &c, 447.

J. Marcou.—Jurassic Fossils of New Mexico, 548.

W. M. Gabb.—New Species of Tertiary Fossils from Central Ame-
rica, 567.

. . Journal. New Series. Vol. iv. Part 4. 1860.

W. M. Gable.—Descriptions of New Species of American Tertiary

and Cretaceous Fossils, 375 (3 plates).

. American Philosophical Society. Laws and Regulations, and
List of Members, 1860.

.
. Proceedings.

Emerson.—Phosphorescence of Diamond, 175.



DONATIONS. 375

Philadelphia. American Philosophical Society. Transactions. New
Series. Yol. xi. Part 3. 1860.

Photographic Society. Journal. Nos. 105—107.

Quarterly Journal of Microscopical Science. New Series. No. 1.

January 1861.

Pay Society. A History of the Spiders of Great Britain and Ire-

land. By John Blackwall. 1861.

Eoyal College of Physicians. List of Fellows, &c. 1860.

Royal Dublin Society. Nos. 18 and 19 (in one). July and October

1860.

S. Haughton.—Arctic Fossils, 53 (4 plates).

W. J. Wonfor.—Analyses of the White Limestone of Antrim, 77.

J. Birney.—Solubility of Granite in solutions of the Ammoniacal
Salts, 80.

Eoyal Geographical Society. Journal. Yol. xiii. 1860.

Address and Obituary Notices, c.

C. Levin.—Mexico [Mines, &c], 1 (Map).

H. de Saussure.—Ancient Volcano (San Andres) in Mexico, 58.

E. G. Squier.—Lake of Yojoa in Honduras, 58 (Map).

G. J. Pritchett.—Ecuador/64 (Map).

L. Oliphant.—The Yangtze or Ta-Kiang, 75 (Map).

J. Stokes.—The Lower Danube, 162 (Map).

J. Sanderson.—Orange River Free State, &c, 233 (Map).

E. Palmer.—St. Helena, 260.

J. Palliser and J. Hector.—Country between Lake Superior and
Vancouver Island, 267 (Map).

Royal Horticultural Society. Proceedings. Yol. vi. Nos. 20, 22.

January and March 1861.

Royal Society. Proceedings. Yol. xi. No. 42.

W. J. Bowditcb.—Coal-gas, 25.

Society of Arts. Journal. Nos. 424-436. January-March 1861.

Consular Information, 98, 110, 197, 224.

G. R. Burnell.—Water-supply of London, 169.

H. Willrins.—Rock-oil, 179.

A. K. Isbister.—Hudson Bay Territories, 230.

H. W. Revelry.—Ventilation of Mines, 262.

D. T. Ansted.—Arrangement of Minerals and Mineral Manufactures
at the Exhibition of 1862, 277.

C. Tomlinson.—Paraffine, 295.

Victoria, Philosophical Institute of. Transactions. Vol. iv. Part 2.

1860.

J. E. Woods.—Some Tertiary Rocks at Portland Bay, 169.

W. L. Morton.—Northern District of Queensland, 188 (Map).
P. Nissen.—Elementary Substances originating and promoting Civi-

lization, xxxv.
J. Macadam.—Spurious Gold in Victoria, li.

. Guano-deposit in Port Phillip Bay, Hi.

. Black Auriferous Sand from the Nicholson Diggings, liii.

Report on the Resources of the Colony of Victoria.
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Vienna. Sitzungsberichte d. K. Akad. d. "Wissensch., Math.-naturw.
Classe. Vol. xxxix. No. 6. 1860.

K. von Hauer.—Ueber eine selensaure Salze, 837.

P. Weselsky.—Analysen einiger Mineralien und Hiittenproducte,

841.

A. Weiss und A. Scbraaf.—Revision der vorbandenen Beobacbtiuigen
an krystallisirten Korpern, nut einem Vorworte von Prof. A.
Scbrotter, 853.

. Vol. xli. Nos. 13-20. 1860.

F. Rolle.—Die Lignit-Ablagerung des Beckens von Sckonstein in

Unter-Steiemiark, 7 (1 map and 2 plates).

Fr. Unger.—Die Pflanzenreste der Lignit-Ablagerung von Scbon-
stein, 47 (2 plates).

G. Tschennak.—Analyse des Datolitbes von Toggiana, 60.

Fr. von Hauer.—Cepbalopoden-Faiuia der Hallstatter Schichten, 113

(5 plates).

W. Haidinger.—Der Meteorit von Shalka in Bancoorab und der Pid-
dingtonit, 251.

G. Bizio.—Analisi chemica dell' acqua minerale, detta Salsa o di S.

Gottardo, in Ceneda, Provincia di Treviso, 335.

F. von Zepbarovicb.—Ueber die Krystallformen des essig-salpeter-

sauren Strontian und des weinsteinsauren Kali-Litbion, 516 (2
plates).

V. von Lang.—Ueber das Gesetz der rationalen Verbaltnisse der
Tangenten tautozonaler Eaystallkanten, 525.

P. Niemtscbik—Ueber die directe Construction der scbiefaxigen

Krystallgestalten aus den Kantenwinkeln, 535 (1 plate).

Fr. Wohler.—LTeber die Bestandtlieile des Meteorsteines vom Cap-
land, 565.

W. Haidinger.—Einige neuere Nacbricbten iiber Meteoriten, 568,
745.

A. Scbrotter.—Ueber das Voikommem des Ozons im Mineralreicbe,

725.

A. Scbraiu .—Bestirnmung der optiscben Constanten krystallisirter

Korper, 769 (2 plates).

A. Scbrotter.—Ueber einige Producte aus der Saline zu Halstatt,

825.

. Vol. xlii. No. 21. 1860.

W. Haidinger.—Der Meteorit von St.-Denis-Westrem, 9.

H. Dauber.—Erniittelung krystallograpbiscber Constanten und des

Grades ibrer Zuverlassigkeit, 19 (12 plates).

A. E. Reuss.—Die fossilen Molluske der tertiaren Siisswasserkalke

Bbbmens, 55 (3 plates).

"Washington. Smithsonian Contributions to Knowledge. Vol. xi.

1860.

II. PERIODICALS PURCHASED FOR THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Vol. vii.

Nos. 37-39. January-March 1861.
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Edinburgh New Philosophical Journal. New Series. Vol. xiii.

No. 1. January 1861.

W. L. Lindsay.—The Eruption, in May 1860, of the Kotlugja Vol-
cano, Iceland, 6 (map).

R. Edmonds.—The Earthquake-shock in Cornwall on the 13th of

January 1860, 100.

W. Thomson.—New Palaeozoic Group of Echinodermata, 106 (2

plates).

C. R. Bree's ' Species not transmutable,' noticed, 128.

J. Bewick's 'Geological Treatise on the District of Cleveland in

North Yorkshire,' noticed, 133.— Stur.—Coal-plants of Bohemia, 158.

J. Nicol.—Geology of the N.W. Highlands, 159.— Hayes.—Iron of Liberia, Africa, 165.

Acton Copper-mine, 166.

W. P. Blake.—Stephanite, brittle silver-ore, from "Washoe, 167.

W. B. Rogers.—Tbe Albert Coal of New Brunswick, 167.

Institut, T. Ire Section. Nos. 1407-1419 ; and IP Section. Nos.

296-298.

Notices of Meetings of Scientific Societies, &c.

Leonhard und Bronn's Neues Jahrbuch fur Min., Geol. u.s.w. Jahrg.

1860. Sechtes und Siebentes Hefte.

J. Barrande.—Ueber die regelmassige periodische Abstossung der

Schaale bei gewissen palaolithischen Cephalopoden, 641 (plated

DondorfF.—Beitrag zur Kenntniss der Puddelschlacke, 668 (plate).

Zeuscbner.—Die Brachiopoden des Stramberger Kalkes, 678.

J. Barrande.—Neue Beweise einer western Verbreitung der Primor-
dial-Fauna in Nord-Amerika, 769.

D. Fr. Wiser.—Krystallographische Mittheilungen, 784.

Letters : Notices of Books, Mineralogy, Geology, and Fossils.

. Jahrg. 1861. Erstes Heft.

O. Volger.—Adular-Felspatk als Mortel und Gangart in Schiittigen

Fels-Massen des Sachsischen Kohlen-Gebirges, 1.

Fr. Scharff.—Ueber die Bildungsweise des Aragonits, 32 (plate).

O. Heer.—Ueber die fossilen Calosoma-Arten, 52.

Letters : Notices of Books, Minerals, Geology, and Fossils.

. [Index for the years 1850-59.] Allgemeines Repertorium
der Min., &c. 1861.

Paleeontographica. (H. von Meyer.) Vol. vii. Part 4. Dec. 1860.
H. von Meyer.—Die Prosoponiden oder Familie der Maskenkrebse,

183 (pi. 23).
. Acteosaurus Tommasinii aus dem schwarzen Kreide-Schiefer

von Comen am Karste, 223 (pi. 24).
. Coluber (Tropidonotus ?) atavus aus der Braimkohle des Sie-

bengebirges, 232 (pi. 25).
. Saurier aus der Tuff-Kreide von Maestricht und Folx-les-

Caves, 241 (pi. 26).

. Lamprosaurus Goepperti aus dem Muschelkalke von Krappitz
in Oberschlesien, 245 (pi. 27, fig. 1).

. Phanerosaurus Naumanni aus dem Sandstein des Rothliegen-
den in Deutschland, 248 (pi. 27, fig. 2-5).
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Palaeontographica. (H. von Meyer.) Yol. viii. Part 6. Jan. 1881.

G-, Fresenius.—Ueber Phelonites lignitum, Ph. strobilina, und Betuh,
Salzhausenensis, 155 (plate).

R. Ludwig.—Fossile Pflanzen aus dexn tertiaren Spatheisenstein von
Montabauer, 160 (8 plates).

. Siisswasser-Bewohner aus der Westpbaliscben Steinkohlen-
Forination, 182 (2 plates).

. Siisswasser-Bivalven aus der Wetterauer Tertiar-Formation,
195 (plate).

III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.

Barrande, J. On the Primordial Eauna and the Taconic System

;

with additional Notes by Jules Marcou. 1860. From M. Jules

Marcou.

Berchem, J. P. Br. Itineraire de la Yallee de Chamonix, d'une partie

du Bas Yallais et des montagnes avoisinantes. 1790. From L.

Homer, Esq., Fres.G.S.

Botjield, B. Shropshire, its History and Antiquities. 1860.

?Bourrit. Yoyage pittoresque aux glaciers de Savoye, fait en 1772.

1773. From L. Horner, Esq., Fres.G.S.

Bronn, H. G. Essai d'une Reponse a la question de prix propose'e

en 1850 par l'Acad. des Sciences, &c. 1861.

. Catalogue annuel de la Librairie Franc-aise. Yol. iii. Annee

1860. 1861. From Messrs. Dulau and Co.

Catalogue. YerzeichnLss der Bibliothek des Professors Dr. C. Ritter

in Berlin. 1861. From the Publishers.

Clarke, W. B. Researches in the Southern Gold-fields of New South

Wales. 1860.

Collini. Journal d'un voyage qui contient differentes observations

mineralogiques parriculierement sur les Agates et Basalte. 1776.

From L. Horner, Esq., Fres.G.S.

Deslonqchamps, E. Note sur le genre Eucyclus, nouvelle coupe

etablie pour quelques coquilles des terrains Jurassiques. 1860.

. Observations concemant quelques Gasteropodes Fossiles des

Terrains Jurassiques, places par l'auteur de la Paleontologie Fran-

caise dans les genres Purpurina, Trochus, et Turbo. 1860.

Evans, J. Flint Implements in the Drift. 1860.

Favre, A. Note sur le Terrain Houiller et sur le Terrain Nummu-
litique de la Maurienne. 1861.
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Ferret, W. The Motions of Fluids and Solids relative to the Earth's

Surface, comprising applications to the "Winds and Currents of the

Ocean. 1860.

Forbes, J. D. Reply to Prof. Tyndall's Remai-ks, in his work " On
the Glaciers of the Alps," relating to Rendu's " Theorie des Gla-

ciers." 1860.

Fougt, H. Dissertatio Corallia Baltica adunibrans. 1745. From
L. Horner, Esq., Pres.G.S.

Freke, H. On the Origin of Species by means of organic affinity.

1861.

Gibb, G. D. On Canadian Caverns. 1861.

Gray, A. Natural Selection not inconsistent with Natural Theology.

1861.

Hall, J. Report on Canadian Grajotolites. 1858.

Hauer, F., v. Nachtriige zur Kenntniss der Cephalopoden-Fauna der

Hallstatter Schichten. 1860.

Hebert, E. et E. E. Deslongchamps. Memoire sur les fossiles de
Montreuil-Bellay (Maine-et-Loire). 1860.

Helmersen, G. v. Das Olonezer Bergrevier. 1860.

Hill, J. A General Natural History ; a new and accurate Description

of the Animals, Vegetables, and Minerals of the different parts

of the World. 1743. From Mr. Charlton.

. An History of Animals, containing Descriptions of the Birds,

Beasts, Fishes, and Insects of the several Parts of the World.
1752. From Mr. Charlton.

Hull, E. On the Yestiges of Extinct Glaciers in the Highlands of

Great Britain and Ireland. 1861.

. The Coal-fields of Great Britain, their history, structure, and
duration ; with notices of the Coal-fields of other Parts of the

World. 1861.

Jamieson, T. F. List of Altitudes in the Counties of Aberdeen,
Banff, and Kincardine.

. The Tweeddale Prize Essay on the Rainfall. 1860.

Lea, I. Observations on the Genus Unio. Yol. viii. part 1. 1860.

Lindsay, W. L. On the Eruption in May, 1860, of the Kotlugja
Yolcano, Iceland. 1861.

Lubbock, J. Leydig's Natural History of the Dajohnidai. 1861.

. On some Oceanic Entomostraca collected by Captain Toynbee.
1861.
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Lubbock, J. On Bphcerularia Bombi. 1861.

MfAndrew, B. List of the British Marine Invertebrate Fauna.
1860.

Magnetical and Meteorological Observations made at the Government
Observatory, Bombay, in the year 1858. 1859. From the Indian
Government.

Naumann, O. T. Lehrbuch der Geognosie. Zweiter Band. Erste

Abtheilung. 1860.

Nicol, J. On the Structure of the North-western Highlands, and
the Relations of the Gneiss, Bed Sandstone, and Quartzite of

Sutherland and Boss-shire. 1861.

Oldham, T. On some fossil Fish-teeth of the genus Ceratodus, from
Maledi, South of Nagpur. 1861.

. On the Geological Relations and probable Geological Age of

Rocks in Central India and Bengal. 1861.

Owen, R. Memoir on the Megatherium or Giant Ground-sloth of

America {Megatherium Americanum, Cuvier). 1860.

Patrin, E. M. S. Eustoire Naturelle des Mineraux. 1803. From
L. Horner, Esq., Pres.G.S.

Pole, W. Diamonds. 1861. From Prof. J. Tennant, F.G.S.

Report of the Superintendent of the Coast-survey, showing the Pro-

gress of the Survey during the year 1858. 1859.

Reports of Explorations and Surveys to ascertain the most practica-

ble and economical route for a railroad from the Mississippi River

to the Pacific Ocean. 1853-1856. Vol. xi. 1855.

Ruschenberger, "W. S. W. A Notice of the Origin, Progress, and

present Condition of the Academy of Natural Sciences at Philadel-

phia. 2nd edition. 1860. From the Acad. Nat. Sc. Philadelphia.

Sandberger, F. Die Conchylien des Mainzer Tertiarbeckens. Vierte

Lieferung.

Scharff, F. Ueber die Bildungsweise des Aragonits. 1861.

Suess, E. Einige Bemerkungen iiber die secundaren Bracbiopoden

Portugals. 1860.

. Ceber die Spuren eigenthiimhcher Eruptions-Erscheinungen

am Daehstein-Gebh'ge. 1860.

Thomson, W. On a new Palaeozoic Group of Echinodermata. 1861.

Tylor, E. B. Anahuac : or Mexico and the Mexicans, ancient and
modern. 1861.



THE
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OF

THE GEOLOGICAL SOCIETY OF LONDON.

PROCEEDINGS

OF

THE GEOLOGICAL SOCIETY.

April 10, 1861.

James Hector, M.D. Editib., 13 Gate Street, Lincoln's Inn Fields,

was elected a Fellow.

The following communications were read :

—

1. On Elevations and Depressions of the Earth in North America.
By Abraham Gesner, M.D., F.G.S.

(Abridged.)

United States.—Commencing at New Jersey, in the United StateSj

the writer has examined nearly all the most interesting parts of the

coasts, as far northward as the northern part of Labrador. The
whole south-eastern side of New Jersey, where it borders upon the

Atlantic, to the extent of 100 miles in length and about 20 miles in

breadth, is composed of alternate strata of sand, greensand, marl,

and clay, some of the beds very highly fossiliferous. The land is

comparatively low, and slopes gradually from the high lands in the

rear towards the sea. A similar tract of country occurs in the

bordering State of Maryland, and, still further southward, in North
Carolina.

VOL. XVII.—PART I. 2 D
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The oldest inhabitants of New Jersey, whose lives have been ex-
tended to upwards of eighty years, maintain that within a period of

sixty years the sea has risen upwards of four feet, or, what is equi-

valent thereto, the coast has fallen to that depth. Marshes that

were formerly mowed for their grass are now submerged ; the sea has
encroached upon the land, even over the sites of ancient habitations.

There are tracts where trees are seen growing upon fallen forests,

which have been buried in sand and peat. Timber of excellent de-

scription is dug out of the present marshes. The amount of depression

along this coast is variously estimated as being from 5 to 12 feet.

From these, and other facts which might be quoted, it appears

that there are marine Cretaceous deposits, and over them Pleistocene

deposits with freshwater shells and Mastodon bones, and apparently

an old forest buried in sand, with the remains of another growing
over it—these two being under the sea in some places and therefore

proving submergence of a land-surface,—and that this submergence
is still going on, according to the testimony of the inhabitants and
the submergence of habitations.

In the harbour of Nantucket, there is a submarine forest. In
dredging the estuary, Lieutenant Prescott found trunks and roots of

the cedar, oak, maple, and beech, some of them standing upright and
still attached to the soil on which they flourished. Excepting the

cedar, all the woods are still sound. The trees are partially buried

in sand, and are eight feet below the level of the lowest tide.

A similar submarine forest exists at Holme's Hole, on Martha's

Vineyard. On the west side of the harbour, stumps of trees are

found standing upon a level surface beneath the water ; another

woody tract occurs near the south-west extremity of the Vineyard,

and on the north side of Cape Cod, opposite Yarmouth : the latter

extends more than three miles into Barnstable Bay. At Portland a

similar sinking of the land has been clearly made out. In none of

these instances is there any accounting for the facts, but by actual

subsidence. No indications of elevation were observed in this

quarter.

New Brunswick.—Proceeding in a northerly direction, we arrive

at the River Schoodiac, or St. Croix, the dividing-line between the

United States and the British Province of New Brunswick. Instead

of submergence, an elevation of the land is here clear and distinct.

It extends in a northerly direction upwards of twenty miles, and

probably to a still greater distance along the coast in the direction

of the Bay of Fundy. The greatest elevation is near the centre of

this area, which has been but little raised at its edges. The solid

rocks beneath the modern marl-beds are chiefly red sandstone,

syenite, and granite, with intrusions of trap-rocks.

At St. Andrew's, St. Stephen's, Lubec, Eastport, and numerous

sites in the adjacent districts, there are extensive deposits of sand,

marl, and marly clay, containing relics of shells and sea-weeds which

still inhabit the present shores ; and the former are so numerous, that

they have contributed sufficient lime to some of the strata to render

them valuable for fertilizing-purposes. At first these marl-beds were
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supposed to be Tertiary deposits ; but late observations have deter-

mined their more recent origin. The greatest elevation observed

was near the town of St. Andrew's, where the marl with recent shells

is found 28 feet above the level of the highest tide.

Among the numerous islands of Passamaquoddy Bay the writer

observed many of the indications of elevation ; nor is it difficult to

discover along the borders of the creeks and rivers the sites from
which the sea has been slowly and gradually withdrawn. Strata

of marl and clay with shells like those before mentioned appear
at Beaver Harbour, where the elevation has been less considerable.

Grand Manan is a beautiful island, situated off the mouth of the

St. Croix River, and 12 miles from the American hue. It is 25 miles

long and 5 miles in breadth. The north-west side is a somewhat
lofty ridge of trap-rock, uninhabited and presenting to the sea per-

pendicular and overhanging cliffs. The opposite side of the island

is inhabited ; and the industry is agriculture and fishing ; and a number
of small islands and harbours afford shelter for vessels.

The most remarkable circumstance connected with this isolated

part of New Brunswick is the fact, that the entire south side of the

main and its islets have within a recent period been submerged to

the depth of 18 feet and upwards. There still remains a tradition

that there once existed between the main, the three Duck Islands,

and Nantucket Island a kind of marsh of several thousands of acres.

This marsh has slowly disappeared beneath the sea; and its surface is

only partially uncovered by the water at the lowest spring-tides.

The roots, stumps, and trunks of a great number of trees (the pine,

hemlock, and cedar) still remain firmly attached to the sunken earth,

and at the very sites where they flourished. The once living forest

with its branches and leaves is now deeply covered by each suc-

ceeding tide. The anchors of small craft are often held fast among
the wood of the bottom of the harbour. It was by this subsidence

that several islands became isolated ; for the marshes that formerly

attached them one to the other have been denuded and washed away
by the waves. The subsidence extended to the distance of several

miles westward; but it is best measured near the small islands

before mentioned. Viewed altogether, it would seem that Grand
Manan has slowly moved upon its axis, depressing one side and
elevating the other.

At the mouth of the River St. John and at the city of the same
name, in the Province of New Brunswick, the evidences of elevation

are distinct over an area of twenty square miles. Between the city

and Portland, there is a narrow and deep valley now occupied by a

church, manufactories, and dwelling-houses. In this valley, and
above strata of clay, there are marl-beds containing marine shells

and decomposed sea-weeds identical with those still inhabiting the

shores of the harbour. These beds are about 18 feet above the

level of the sea, which at some former period surrounded the site of

the city.

At Manawagonis, Mispec, Emerson's Creek, and many other places

in this quarter, there are beds of sand, clay, marl, and marly clay

2 d 2
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exposed to the sea, forming low and almost level tracts along its

borders. Similar deposits also occur in the hanks of the St. John
and Kenebecacis Rivers, above the reach of the highest tides. They
not only appear where the currents have exposed the beds, but also

remote from those streams. The shells are chiefly imbedded in the

sand and marl, which also contain the relics of recent marine vege-

tation. In these deposits upwards of twenty genera of recent Tes-

tacea and six genera of Crustacea have been obtained. Some of the

shells, such as the Mya mercenaria, Pecten, Area, &c, are well

preserved. The shells of the Solen ensis and Mytili are too brittle

to be removed. The claws of crabs and the bones of fishes, although

changed, are not destroyed. The shells of the uppermost beds are

more decayed than those of the lower deposits, and appear as

though the elevation had been slow and gradual, and not sudden

like those frequently indicated in districts moved by earthquakes.

The strata containing these remains are now from 10 to 40 feet

above the level of the tides, which rise 30 feet along this part of the

coast at spring-tides.

The rivers emptying into the Bay of Fundy along this line of

coast are broken by falls at their mouths ; but the streams which do

not pass through this raised district empty themselves into the bay

smoothly and without interruption. It is therefore not unreasonable

to believe that the breaking-up of the river-beds was coeval with the

elevation of the shelly deposits now removed far above the reach of

the waves.

The next site to be noticed is remarkable for its submergence ; it

is called the Great Tantamar Mash, situated 120 miles eastward

of the St. John, in the County of Westmoreland, and at the head-water

of Chignecto Bay. This marsh is 13 miles long, and about 4 miles

broad. Large tracts have been rescued from the sea by embank-
ments, or " dikes," thrown up on the borders of the river and its

creeks. At the eastern extremity of the Tantamar, there is a sunken

tract, composed of peat-bog, floating bogs, with swamps and small

lakes, not less than 8 miles long and 3 miles in width. It is the

breeding-place of great numbers of wild ducks and snipes. Large

trees of different kinds, collections of shells, bones of fishes, <fec.

appear at different depths in the alluvium. But besides these, on

the northern border of the alluvial deposit, patches of forest-trees,

some of which have been felled by the woodman's axe, are now over-

flowed by the tides. Relics of the early French settlers, Indian har-

poons, and pieces of their bark canoes, and other traces of the

aborigines have been dug up at depths of 5 and 10 feet beneath

the surface, on the opening of canak and ditches remote from the

river.

The same depressing influence has been at work at Shediac and

Bay Yerte. At the latter place the gravestones of persons killed by
the Indians in 1755 are now reached by the tide at high water,

which washes the base of old Fort Moncton, and rises above its

causeway.

In the County of Northumberland, where it borders upon the Bay
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de Chaleurs, there has been a depression, evidently slow in its progress

and continued. In the vicinity of Bay des Vents and Lower Bay des

Vents, extensive peat-bogs are seen at low water reaching outwards

beneath the sea : the peat is of super-marine growth, and its highest

parts are scarcely above the tide-level. The shores are low and

level ; and evidences of land-slides are absent. At Bathurst, on the

contrary, and on the opposite shore of Lower Canada, there has been

an elevation of several feet, and which apparently is still progressing.

A number of minor elevations and depressions were observed during

the writer's geological survey of the Province, before leaving which

the terraces along the Upper St. John Biver may be adverted to, as

being connected with this subject.

On the banks of this river we frequently observe, in ascending

from its borders, several parallel steps which rise abruptly from one

level to another in succession. These steps are composed of diluvial

matter, in which there are occasionally contained decayed timber and

fragments of freshwater shells. These are well displayed near the

ferry four miles below "Woodstock.

Section of the Terraces near Woodstock, New Brunswick.

a. The river.

b. First terrace, 22 feet above the level of the river.

c. Second terrace, 28 feet aboATe the level of the river.

d. Third terrace, 40 feet above the level of the river.

These several terraces mark distinctly the former banks of the
river, which has been withdrawn from its ancient limits to a narrow
channel with an increased velocity of current. Near the mouth of

Maduxnakeag, a tributary of the St. John, the ancient bed of the

stream is now dry and under cultivation. Whether these terraces

have been produced by an uplifting or depressing force, it is difficult

to ascertain. It is probable, however, that the site of the river was
oncealake, which has been drained.by the yielding of the earth further

down the stream, where there are now violent rapids and marks of

recent terrestrial disturbance. Terraced valleys are common on
many of the rivers of North America.

Nova Scotia.—At many places in Nova Scotia, changes of level on
the surface of the earth appear very distinct, although they are less

manifest than they are in the sister Province. It is generally main-
tained by aged persons, that the tides flowing into the Bay of Fundy
and Minas Basin and its numerous rivers and creeks are rising.

The records of ancient landmarks, the encroachment of the water
upon the dry earth, the discovery of ancient bridges and relics of the

native Indians beneath the present tide-level, corroborate 'that

opinion.^ At numerous places in the marshes of the Shubenacadia,
Avon, and King's County Bivers, the alluvia of the sea are perfectly
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stratified. Some of these strata and those called " blue marsh " are

composed in part of plants still undergoing decomposition and ex-

pelling carburetted hydrogen. These strata are sometimes 12 feet

beneath the surface, and interlaid with beds of alluvium, which, when
their layers are exposed, display with beautiful distinctness the tracks

of the numerous wading birds that frequent the shores. It is almost

unnecessary to add that sea-alluvia never accumulate above the

highest tide-mark.

On the southern side of this Province, where it meets the Atlantic,

the old fishermen universally report the effects of uplifting at certain

places where they have been wont to anchor their nets and boats in

pursuing their avocation. Off the harbour of Halifax, and Sambro
Lighthouse, a submarine elevation appears to be advancing. A few
years ago a steamer was wrecked in breakers six miles south of

the lighthouse, after a gale of wind : breakers at that place were
unknown before. Recent soundings also show a shallowing of the

water.

Cape Breton.—In the Island of Cape Breton, situated at the

entrance of the Gulf of St. Lawrence (and which the writer had an
opportunity to explore under the patronage of the late noble Earl of

Dundonald), several upheavings and depressions of the land were
observed, not dissimilar to those already mentioned. Among the

latter is that of the ancient city of Louisburg, which forms an inter-

esting feature in Colonial history. This place was once the strong-

hold of France in America, and has one of the finest harbours in the

world. It was well fortified; and a population of 20,000 souls

was contained within its walls. It was taken from the French by
4000 provincial troops, under Colonel Pepperall, in 1745. After-

wards Great Britain restored it to France. In 1758 it was again

captured by General Amherst. The place was defended by 3000
men, six ships of the line, and five frigates : in this action the

brave General Wolfe won an early distinction. The inhabitants of

the city were dispersed; and the British Government expended

.£40,000 in blowing up the fortifications. The city is now occupied

by six families of poor fishermen; two stories of the hospital remain, as

do the foundations of the Governor's house and other public buildings,

with much of the massive masonry of the bomb-proofs and bastions.

Among the ruins are seen fragments of exploded shells and other

missiles, mingling with the crumbling bones of the killed. Had
Louisburg continued to exist up to the present time, its abandonment
would not have been the less certain ; for the sea now flows within

its walls and overflows sites that were formerly inhabited. Its sub-

mersion is plain and distinct. The rock upon wbich General Wolfe

landed has nearly disappeared. The waves break against the south

wall, which they have undermined and thrown down. The higher

parts of the fortress afford shelter for sheep ; but each succeeding

tide flows freely into the northern side of the deserted city. The
lands westward also bear testimony to an extensive submergence.

Prince Edward's Island.—The fertile Prince Edward's Island is

situated in the Gulf of St. Lawrence, fifty miles eastward of the
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Province of Nova Scotia. It is composed of red sandstone ; no

workable strata of coal have been found within its limits. Of several

sinkings of the earth noted by tbe writer during his geological survey

of the island, one of them merits attention for being more recent

than any other that met his observation. It is situated between

Lennox Island and Cascumpec, a deep and well-sheltered harbour.

The sea has here thrown up mounds of sand from the shallow water,

which are separated from the mainland by lagoons. The lagoon

between [Richmond Bay and Cascumpec is upwards of thirty miles

in length. Cascumpec lagoon is a beautiful sheet of water, eighteen

miles long and a furlong in breadth, abounding in shellfish and

wild fowl ; its mainland side is a dense wilderness, and this part of

the coast was explored in canoes paddled by Indians.

The harbour of Cascumpec is formed by an extensive peat-bog on

one side, and a long mound of sea-sand on the other ; it has sufficient

water to float the largest ships. The peat forms a perpendicular

wall, which was measured at low water, and found to be 19 feet

beneath the sea. It is also perpendicular above the water and

forms the shore to the distance of two miles and a half. This peat-

bog is composed of the common sphagneous plants interlaid with the

pine, hemlock, and other forest-trees and low bushes, some of which

are still in upright positions. There are no higher lands in the rear

from which this bog could have made a slide, nor any remaining

site from which it could have departed.

In the lagoon, the sea flowed, at the time of the writer's visit, into

groves of maple, beech, birch, &c, which are constantly falling

down from the sea-water overflowing their roots. The marshes,

where they meet the water, are filled with fallen timber; and all taken

together presents a desolate picture of the changes that are still in

progress. This part of the island is very low and level
;
and, from

the gradual submergence of the land, the drainage of the country is

obstructed, and lands now capable of being cleared and cultivated,

will in the course of years be overflowed by the sea, unless the sub-

mersion should be arrested.

At numerous places on the shores of the Gulf of St. Lawrence and

on the coast of Labrador, deposits of sand and clay containing recent

shells and relics of marine plants are found at heights varying from 5

to 80 feet above the level of the sea. These elevated tracts are seen,

at considerable distances from the present shores, with notches worn
out of the rocks by waves and currents of water ; there are also

limestones perforated by the Mytilus lithophagus, from which the sea

has long since been withdrawn. At some localities there are also

evidences of depression, similar to those already described.

Labrador, fyc.—The Atlantic coast of Labrador and the Island of

Newfoundland present the same phenomena, although they are less

perfectly delineated by reason of the ice ; for ice-floes break down the

shore, and icebergs deposit mounds of sand, gravel, and boulders

along the sea-bord, the winter and summer aspects of which are

altogether dissimilar.

Conclusion.—From what has been stated, it must not be under-
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stood that these silent unclulatory movements of the land are con-

fined to the coasts and estuaries : they are manifest on the horders

of the rivers and the great lakes of Canada, and also on the tributaries

of the Mississippi. Slight shocks of earthquakes are common in

Canada and the United States ; but it does not appear, in the history

of those countries, that any material change in the relative levels of

certain tracts has been effected thereby. Admitting, however,

that earthquakes have been the cause ofsudden sinkings and elevations

of the land, and which would produce anomalous results, there is a

slow and constant undulatory movement of the earth's surface,

which no doubt acts as much on the ocean's bed as upon the dry

land.

2. On the Geology of the Country between Lake Superior and the

Pacipic Ocean (between the 48th and 54th parallels of latitude),

visited by the Government Exploring Expedition under the com-

mand of Captain J. Palliser (1857-60). By James Hector, M.D.

(Communicated by Sir R. I. Murchison, V.P.Gr.S.)

[Plate XIII.]

Contents.

Introduction.

General Physical Features.
Superficial deposits.

Terraces of the Lake Superior
Basin.

Superficial deposits of the Central

Plateau.

Terrace-deposits of the Mountains.
Terraces in California.

Age of the Terrace-deposits.

Drift of the Pacific Coast.

Tertiaries.

Cretaceous System.

Group F.

Group E.

Group D.
Group C.

Group B.
Relation of the Cretaceous Series

on the West.
Cretaceous Strata of Vancouver

Island and the Gulf of Georgia.

Details of the Strata at Na-
naimo.

Paleozoic Rocks of the Eastern Axis.

Silurian rocks.

Structure of the Rocky Mountains.
Physical Character.

Geological Structure.

The Cascade Range.

Introduction.—In the spring of 1S57 Her Majesty's Government,
at the suggestion of the Royal Geographical Society, constituted an
expedition to explore the British Territories in North America lying

in the neighbourhood of the boundary-line of the United States, and
stretching westward from Lake Superior. Public attention was at

that time directed to the nature and resources of the vast territory

which had been ceded to the keeping of the Hudson's Bay Fur Com-
pany, as there was a prospect of its being to some extent thrown
open to colonization by the lapse of part of that Company's rights.

Principally through the efforts of Sir Roderick Murchison (at that

time President of the Royal Geographical Society), General Sabine

(acting for the Royal Society), Sir W. Hooker and Dr. Hooker, and
of Mr. Ball (then Under-Secretary of State for the Colonies), the Ex-
pedition was organized and committed to the charge of Captain
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Palliser, whose previous adventurous travels in that region had given

assurance of the ability and energy necessary to penetrate unexplored

country, and to preserve a friendly footing with the savage tribes

that were to be encountered.

I was selected by Sir Roderick Murchison to accompany this Expe-
dition in the combined capacity of surgeon and geologist; and, at

the request of Government, he furnished me with instructions as to

how I should turn to best advantage my opportunities for geological

research.

The more important results of my work I have now the honour

to communicate through him to this Society.

They have been accumulated during three years' travel in wild

regions uninhabited save by Indians, or, at rare intervals, by little

communities of persons engaged in the fur-trade. Excepting in the

maps of Mr. Arrowsmith, which gave very correctly, on the whole,

the great general features of the region explored, embracing 33°

of longitude, and in some places 5° of latitude, nothing was known of

its topography ; so that this essential to sound geological reasoning

had to be acquired step by step as the country was examined. I

therefore submit my observations only as the best I could make
under the circumstances, knowing that a re-examination of the

country with the aid of the topographical details which we now
possess would materially alter many of the views I have expressed.

Our previous knowledge concerning the geology of the interior of

British North America was confined to the observations of Sir John
Richardson,made during his three great overland arctic expeditions

—

the first two with Sir John Franklin, and the last in search of that

lamented traveller. His published descriptions of the country he

passed through are models of minute observation and cautious in-

ference. To him we owe the first discovery of Silurian strata resting

on a primitive axis stretching to the north-west from Lake Superior

to the Arctic Ocean, and overlain by Devonian strata. He also

showed the Rocky Mountains, where he met them on the Mac-
kenzie River, to be composed of Carboniferous Limestone for the

most part, which is also their character, we shall find, further to the

south. From Elk River he brought home fossils which, although

from a group of strata which he classes as Devonian, yet in a foot-

note, on the authorityof Sowerby,he says have quite a Jurassic aspect.

That he was right in the latter suggestion is rendered probable by
the recent publication of species of Ammonites by Mr. Hind, which,

were procured from that locality by the fur-traders, and which
Messrs. Meek and Hayden consider to be of Jurassic age. Sir John
Richardson also described the existence of a great lignite-basin in

the valley of the Mackenzie River, which he classes as of Tertiary age.

The line of route, however, followed by Richardson did not, with
the exception of the canoe-routefrom Lake Superior toLakeWinnipeg,
and again at Eort Carlton on the Saskatchewan, touch on the country
which has been explored by this Expedition. With regard to the
canoe-route, I have added nothing to the researches of that traveller,

and to the still more minute observations of Dr. Bigsby, which were
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some years ago communicated to this Society. In 1855 Mr. A. K.
Isbister communicated to this Society a useful and concise recapi-

tulation of what had been written concerning the geology of the

Hudson's Bay Territories, without adding anything, however, to our
knowledge of the central district with which I have principally to

deal. It is to Mr. Hind alone, who was in command of the Cana-
dian Expedition to explore part of Rupert's Land, that I can refer

in confirmation of my observations in any part of the prairie-regions.

Mr. Hind in 1858 partially travelled over nearly the same ground as

that traversed by our Expedition during the previous summer, but
only as far as the elbow of the South Saskatchewan, and in regard to

all essentials our work agrees exactly*.

Mr. Hind's report is valuable from his having had his fossils

examined by Messrs. Meek and Hayden, whose labours in the Upper
Missouri country and Western States since 1852 have given us most
of the knowledge which we possess concerning the classification of the

strata composing the northern part of the great American prairies

;

and to those gentlemen I shall have frequent occasion to refer.

Concerning the mass of the country explored, consisting of the

prairies within the British possessions and the Rocky Mountains be-

tween latitude 49° and 53°, and of the country westward to Eort

Colvile, I am not aware of anything having been published, except-

ing a few general remarks collected by Richardson from the botanists

Douglas and Drumrnond or from the fur-traders.

Concerning the geology of the Pacific Coast, in the neighbourhood

of the 49th parallel, there are very interesting notes scattered through

the various U.S. Senate-papers, by Mr. Gribb and Dr. Suckley, who
were employed in the survey for the Pacific Railroad. The former

gentleman is still working in that country, being attached to the

North-west Boundary-Commission. There is also a short notice of

the geology of Vancouver Island, by Mr. Bauerman, geologist to the

British section of the same commission, published in the Geol. Soc.

Journal for 1860.

GENERAL PHYSICAL FEATURES.

The prairie-country which I have principally to describe may be

considered as forming the northern portion of a triangular space con-

taining the plateau which occupies the central region of the North

American continent, having for its sides, first, the Rocky Mountains ;

second, the Laurentian axis or " intermediate primitive belt" of

Richardson ; and third, the Alleghany Mountains.

A low indistinct water-shed 850 feet above the sea at its lowest

point, and apparently undetermined by any disturbance of the rocky

framework of this basin posterior to the deposit of its more uncon-

solidated contents, follows a line sometimes north and sometimes

south of the 49th parallel of latitude (which is the Political Boun-

dary-line), dividing the waters which flow to the Gulf of Mexico from

those flowing to the Arctic Ocean.

* My first Keport on the Geology of this district was dated December 14, 1857.

See Parliamentary Papers, June 1859.
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The route of the Expedition starting from Lake Superior, after

crossing a spur of the eastern axis, traversed the northern part of

the plateau to the Rocky Mountains, and thence down the western
slope of the continent to the Pacific Ocean.

The Mackenzie Biver, rivaling in its proportions the Upper Mis-
sissippi, breaks the apex of this triangle, escaping through the Bocky
Mountains to the Arctic Sea ; while the Saskatchewan and other

rivers of the southern British territory dilate into great lakes at the

western base of the Laurentian axis, through which they then escape

to Hudson Bay.

The Laurentian axis of metamorphic rocks with its fringe of

Silurian strata may be considered as stretching from Western Canada
to the Arctic Ocean, near the mouth of the Coppermine Biver, in aN.W.
direction ; hut it sends off a spur, which encircles the western shore

of Lake Superior, and loses itself under the prairies of the State of

Minesota.

Lake Superior and Lake Winnipeg, according to the surveys

of the Canadian Expedition, have nearly the same altitude of

600 feet above the sea, while the rocky district that separates them
has double that elevation, or 1300 feet, above the sea ; but this is in

many places increased to 1600 feet by the deposits of drift that will

be hereafter described.

The highest point of the great plateau that is in British territory

is to be found when, at the base of the Bocky Mountains, that chain

is intersected by the 49th parallel of latitude, where it is elevated

4300 feet above the sea. If followed into the United States to the

south, it is found to reach a still greater elevation along the base of

the mountains, until it merges with the great table-land of Mexico,
which has an altitude of 6000 feet. Erom the above point of inter-

section to the nearest point of the Laurentian axis, which is a line

from near the source of Belly Biver in a N.E. direction to Cumber-
land House on the Saskatchewan, the distance in an air-line is over

500 miles, and the difference of elevation of these two points gives a

mean slope of 6 feet in the mile. The general level of the eastern

base of the Bocky Mountains also declines rapidly to the north ; for

in latitude 51° 9', at where the Bow Biver emerges on the plains, the

elevation is 3900 feet, and at where the Athabasca, the most southern

tributary of the Mackenzie, leaves the chain in latitude 53° 12', it is

only 3300 feet above the sea*.

The slope of this plateau is, however, far from being uniform, but

is broken by steppes which have been formed by the erosion of

the surface of the country, and which indicate different grades in

the elevation of the continent during later epochs. These steppes

are boldly marked, sometimes increasing the altitude of the prairies,

* As the Rocky Mountains are cut through by valleys almost to the depth
of the plateau on which they stand, this depression of the chain towards the

north has a remarkable influence on the climate in some localities, especially

mitigating the severity of the spring months by admitting the influence of the

mild climate of the western sea-bord at a time when the eastern part of the

continent in the neighbourhood of the great lakes is still icebound.
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as the traveller follows a westerly course, by an abrupt rise amounting
to 600 feet. They have a very irregular outline, and are cut through

by the river in many cases, so as to form isolated masses of broken

table-land. (See general section : Sections Nos. 1 & 2, PI. XIII.)

The Rocky Mountains forming the western limits of the great

plateau rise from it very abruptly, the eastern ranges often present-

ing sheer cliffs 2000 to 3000 feet in height. These are, however,

cut by transverse valleys into which the superficial deposits of the

prairies penetrate, and have been preserved, more or less perfectly,

as terraces in the mountain-valleys.

The mountains formed of broken plications of strata, as will be

afterwards described, are disposed in parallel groups, the great valleys

in the length of the chain generally occupying anticlinal fractures.

The flexures have been more perfectly developed in the eastern part

of the chain than towards the central parts, where the mountains have

a massive cubical aspect, the strata having been fractured and up-

heaved rather than bent by disturbing agencies. This is owing,

no doubt, to the mineral composition of the strata, and not to anymodi-

fication of the disturbing force
;
for, as the western slope is descended,

slaty rocks are met with, which again present perfect flexures. The
mean altitude of the Rocky Mountains between latitude 49° and
53° is about 12,000 feet above the sea, but there is a very singular

absence of marked peaks. The chain culminates in latitude 52°,

where the mountains are very massive and are traversed by profound

valleys, the heads of which are occupied by glaciers.

From the Rocky Mountains to the Pacific Ocean the country is

extremely rugged, resembling similar Silurian and metamorphic

regions in other parts of the world. It forms a great trough,

bounded to the west by the Cascade range of mountains, which

closely hugs the Pacific coast in this latitude. This range, which

is only rarely broken by valleys, and those of comparatively recent

date, runs like a wall 4000 to 5000 feet above the sea-level. At
intervals there occur great conical mountains, such as Mount Hood,

Mount Baker, and others, which rise to 10,000 or 12,000 feet, and

from their isolation, being perfectly unconnected, except by the

lower range, they present a very grand appearance when viewed

from the coast. Owing to the great fall of the rivers, the narrow

valleys, and the rapid erosion having continually carried on the re-

arrangement of the superficial deposits, the grades in the elevation

of the continent cannot be so well discerned on the western slope as on

the eastern, although these deposits are found to be greatly developed.

After this brief sketch of the physical features of the country, I

now proceed to describe the different strata, reversing the order of

their deposition.

STTPEEEICLAL DEPOSITS.

These are very extensively developed in every part of the region

explored; and their classification involves veiy interesting conclusions

respecting the changes of level of the continent, both posterior and

anterior to the great northern drift.



1861.] HECTOR KOCKY MOUNTAINS, ETC.

Judging from the altitudes at which erratics are found to be di-

spersed, the continent must have been depressed at that period

beneath a sea in direct connexion with the Arctic Ocean to the

depth of nearly 3000 feet ; and since then, during its gradual emer-

gence, this region of North America has received its present form of

surface by denudation,—first, as effected on seacoast-lines, and lat-

terly by the coast-lines of great inland lakes, which, it will be shown,

though still existing, were previously of much greater dimensions.

The superficial deposits during and posterior to the Drift are so

different on the opposite sides of the Rocky Mountains that they

must be treated of separately, whilst those anterior to that epoch

will be found to have a common character.

Terraces of the Lake Superior Basin.—In ascending the Kaminis-

toquoia River for a considerable distance above the Kakabeka Falls,

the country is covered by a deposit of red marl-earth which forms

the high terraces of the river. Thus opposite to the mouth of White
Fish River there are three distinct terrace-levels of 20, 60, and 90

feet. At some distance back from the river still higher terraces

occur, belonging to this class of deposits, which must be considered

as of more recent age than the true drift. Sir William Logan de-

scribes one at the height of 331 feet above Lake Superior. The
great deposits of sand and gravel which rest on the highest levels of

the axis, and are first met with at Dog Portage, belong, I think, to

the period of the Drift, and will be referred to in the next group.

Superficial Deposits of the Central Plateau.—The steppes of this

great slope may be naturally divided into three groups having dif-

ferent ages and circumstances of deposition, and boldly marking three

distinct Prairie-levels. (See Sect. No. 2, PI. XIII.) To the most re-

cent of these belong the low prairies which surround Lake Winnipeg
and the lakes of that group, including the marshy country to the west
of Manitoba Lake. This forms the First Prairie-level. In the vicinity

of the Red River Settlement, its composition is of argillaceous marl,

with a deficiency of sandy matter, and it is invariably stratified

in thin layers. Underlying this at various depths from the surface,

is a bed of stiff clay, which forms tbe immediate margin of the river

at many places. The upper layers of this deposit contain leaves and
fragments of wood and reeds, and the whole is undoubtedly a fresh-

water deposit, indicating a time when the Winnipeg group of lakes

covered a much more extended area than at present, the gradual
deepening of the rocky channels through the eastern axis having
increased the drainage in modern times.

The surface of this deposit is about 75 to 100 feet above Lake
Winnipeg, but it slopes gradually from the west, and at Pembina
Mount, near St. Joseph, is at least 100 feet higher. To the east of
Red River, in descending the Winnipeg River, two well-marked
levels were observed which belong to the group of extended lake-
deposits. Thus below the Seven Portages that river flows through a
smooth channel, and the banks are composed of a white marl-earth •

the river being at first only slightly depressed, but soon from its

rapid descent, while the level of the deposit remains the same, the
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banks become bigh. At tbe Eat Portage, tbis terrace, which is 150
feet above Lake Winnipeg, retires from tbe river on eacb side, and
is replaced by another at an altitude of only 75 feet, tbrougb a cut-

ting in wbicb tbe river flows to its moutb at Fort Alexander. Tbis
ancient lake-bottom extends soutb of tbe 49th parallel into the

American State of Minnesota, and everywhere presents a rich level

prairie, only broken by slight gravel-ridges which have formed
shoals in tbe ancient lake, or by patches of the magnesian lime-

stone beds which crop out into the plain, such as at the Stony
Hills, east of Fort Garry, which must have been a rocky island at

one time.

The banks of the lower part of Rainy River are composed of rich

alluvial deposit of a bight-grey colour, containing a large proportion

of white sand. It is distinctly stratified, and has without doubt
been formed by an extension of tbe Lake of the Woods back towards
Rainy Lake. In the upper part of Rainy River, the banks are high

and terraced, and boulders show that at this level there is also a

deposit of true Drift.

At Pembina Mountain, the eastern limit of the Second Prairie-

level forms an escarpment measuring 250 feet above the plain at its

base. From the point where it crosses tbe 49th parallel, it sweeps

to the north-west and assumes a more gentle slope, being broken up
into three or four subsidiary terraces. It then meets the Assine-

boine River near the mouth of the Souri, and is continued to tbe north

by the high grounds that lie to the west of Manitoba Lake from Riding

Mount to the Basquia Hills, which, however, rise to tbe full height

of the level—that is, to 1600 feet above the sea. Below Fort a la

Corne the banks of tbe Saskatchewan are described as suddenly be-

coming reduced from tbe height of several hundred feet to a slight

elevation above tbe river, showing that it is at that place where the

eastern limit of this level meets that river. Tbe prairies of the

Upper Assineboine, the Qu'appelle River, and those along the Sas-

katchewan, from Fort a la Corne to the elbow on the south branch,

and also up as far as the longitude of Fort Pitt on the north branch,

all belong to tbis level, which also extends to the base of the Great

Missouri Coteau. The mineral composition of the superficial de-

posits of the Second great Prairie-level is very different from

that of the first. Sand is the predominating ingredient. Thus at

St. Joseph, where the banks of tbe Pembina River present a fine

section of it to its base, the material is a coarse red sand, with

gravel and boulders. There are no signs of stratification in any

part of this deposit as seen at Pembina Mount, but further west,

where it assumes a light-grey colour, and contains a considerable

quantity of lime, it is imperfectly bedded, Near Fort Ellice, and

at many other parts of the district to the south and west of that

place, this deposit is formed wholly of fragments of the under-

lying Cretaceous shales. At Long River, Forked Creek, and many
other places, this deposit was observed to form only a very thin

coating to the Cretaceous rocks. Notwithstanding that the prai-

ries of tbis level are often cut to a great depth by the rivers and
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creeks, very little can be learnt of its nature at different points, as

slides in the banks of the gulleys are rarely seen. At Fort Ellice

the valley of the Assineboine is 240 feet deep, and about 100 feet of

that is composed of this drift-deposit resting on the Cretaceous beds.

In the Qu'appelle Yalley, near the Mission, a slide exposed the

deposits beneath the plane to the depth of 250 feet, showing it to be

composed of stiff sandy clay of light-red colour, with patches of blue

clay and gravelly beds. On the whole, the character of this level,

as far as regards its mineral composition, is variable and local.

Boulders are tolerably plentiful all over its surface, but occur in

greatest quantity on the sides and summits of ridges and mounds,
which rise in groups to the height of from 50 to 80 feet. Im-
mense outliers of a still higher level occur, attesting the immense
denudation which has taken place ; these generally rise from 1400
to 1600 feet above the sea, which latter is the height of this level

at the base of the Grand Coteau, Eagle Hills, and Thickwoocl Hills,

all of which form the eastern limit of the next great steppe. (8ee

fig. 1.)

Fig. 1.

—

Section 16 miles above the Elbow of the South Saskatchewan,
showing the junction of the Drift and the Cretaceous clays at the

base of the Third Prairie-level.

a. Drift. b. Septaria-clays (Upper Cretaceous).

These outlying patches occur along two lines parallel to the general

contour of LakeWinnipeg and that of the next higher level to the west,

and were doubtless continuous ridges until cut through by the dif-

ferent river-valleys. Thus overhanging the lakes, we have the Pas,

Porcupine, Duck, and Biding Mounts ; and to the west, a line of which
the Touchwood Hills, Moose and Turtle Mountains form the prin-

cipal points. These have all a common character, rising gently to

an ill-defined table-land from the west ; while their eastern aspect

is extremely rugged, presenting irregularly deposed ridges of coarse

sandy drift highly charged with boulders. This steep escarpment
is generaUy densely wooded, and encloses numbers of small lakes.

The eastern limit of the Third great Prairie-level is met with at

the Grand Coteau, Eagle Hills, and Thickwood Hills, and is only cut

through by the channels of the north and south branches of the
Saskatchewan ; while all the other rivers of the eastern plains, such
as the Souri, Assineboine, Qu'appelle, &c, have their sources short of
it. I have stated the prairie at the base of this third level to have
an elevation of 1600 feet above the sea, and a depression of the
continent to this extent would be sufficient to submerge the eastern
Laurentine axis between Lake Winnipeg and Hudson Bay, or at

least to convert it into a mere chain of islands. The eastern coast-



396 PKOCEEDINGS OP THE GEOLOGICAL SOCIETY. [Apr. 10,

line would then leave the Kocky Mountains in latitude 56° N.,

near Peace River, and would follow what is now the water-shed

between the Saskatchewan and the rivers more to the north, till it

reached the 107th of longitude. Prom this point the Thickwood
Hills, Eagle Hills, and Thunder-breeding Hills would form the

headlands of a great bay into which poised the waters of the two
Saskatchewans, at that time independent rivers debouching where
they now make the acute bends known as their " Elbows". The coast-

line was then continued to the south-east, forming the coteau that dips

between the Missouri and St. Peter's Pavers. As seen from a dis-

tance when travelling in the low plains, this great steppe appears as

a range of blue hills with a smooth undulating outline. On ap-

proaching it a gentle ascent is accomplished for many miles, after

which an abrupt rise of from 400 to 600 feet has to be effected,

generally in from 4 to 6 miles. The surface of the slope is extremely

rugged, and has evidently been worn into pot-holes, ridges, and
conical mounds by the action of water on the soft clay strata of the

Cretaceous group. Everywhere the slope is thickly strewn with
boulders, all derived from the Laurentian chain to the east, or from
tho Bird's-eye Limestone which rests on the western flank of that

axis.

Near the elbow of the North Saskatchewan a remarkable group of

boulders of this kind of limestone, of enormous size, crosses the

country in a line parallel with the coteau to the west. This line

has been observed at points 30 and 40 miles apart. They occur as

great angular masses, consisting of several of the beds of limestone,

the coherence of which being very slight proves that they must have

been stranded without any great violence. One of these masses con-

tains over 3000 cubic feet of stone, and rests on the plain obliquely

with its south-western angle buried in the soil (see sketch, fig. 2).

Fig. 2.

—

Boulder on the Plains south of Carlton.

More to the west than this is a line of sand-hills, which has evi-

dently marked a coast-line, although their original position may now
bo much altered, since they are still wind-blown as during their

first production. They have a clear relation to the ancient level,

and are found at the same altitude over such a stretch of country,

always at a little distance from the base of the escarpment, that there
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can be no question as to their origin. Similar sand-hills were ob-

served on the Souri River at the base of the Second Prairie-level,

which must have been formed on the shore of the extended lake.

The resemblance which the plains along the base of this great

steppe bear to the shore of Hudson Bay at the present time may be

judged of from the description given by Sir J. Richardson, who says,

" The western shore of Hudson Ray between latitude 56° and 58°

is flat, and the depth of the sea decreases very gradually on approach-

ing them. In seven fathoms of water tbe tops of the trees are just

visible from a ship's deck. Large boulder-stones strew the beach,

and form shoals even at the distance of five miles from the shore, which
are very hazardous to boats." In proceeding up the river from
this coast, he says that after a traet of level country " the banks

'
'

(consisting, he before mentions, of drift-clay and boulders) " rise

from a very narrow river-channel to an elevation of very nearly

200 feet. Their outline is broken into eonical eminences by short

ravines, which open into the river at right angles. These banks have
exactly the same form and constituent parts as those which occur on
the eonfines of Lake "Winnipeg and the Saskatchewan." As he made
the latter remark in allusion to the nature of the underlying rocks

at the two localities without reference to the drift, it is all the more
valuable for the purpose of proving this similarity, which is so

striking between the present state of the coast of Hudson Bay and
the ancient coast-line along the base of the Third Prairie -level. In
the ragged district of this steppe there are enclosed numerous lakes,

some of great size, and all, without exception, more or less impreg-

nated with salts, of whieh siilphate of soda is the predominating

ingredient. In antumn after the dry summer, these lakes are fringed

with crystals, and the soil in many places is covered with a white
efflorescence. Whether these salts are derived from the superficial

deposits of the ancient coast-line or from the Cretaceous clays, I am
unable to say ; but the position of the salt-lakes, generally at the

same altitude, inclines me to the former opinion.

The Laurentian axis is covered with a great deposit of drift, con-

sisting of coarse red sand, with many large and small boulders. This

deposit forms a flat swampy plain, well wooded towards the west, but

towards its eastern margin, as at Cold Water Lake, worn into deep

dry gulleys and round pot-holes without any exit. The thickness

of this deposit is from 200 to 300 feet, and the highest point of it

is about 900 feet above Lake Superior, or on a level with the plains

near Carlton. Glacial scratchings were distinctly seen at many
parts of the axis. The direction is generally north and south.

Hardly a surface in the granitic tracts did not present distinct

scratches. They were seldom, however, to be observed on southern

exposures of rock-surfaces if these sloped much ; but the more
surfaces with northern exposures sloped, the better they seemed

to be marked.

As will be seen from section No. 2. PL XIII., in rising to the sur-

face of the third steppe we have the plains composed of the Cretaceous

strata with only a very thin coating of Drift, which has always a local

VOL. XVII. PART I. 2 E
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mineral composition, corresponding with that of the underlying

strata, without admixture of materials carried from a distance further

than a sprinkling of erratic blocks, of small size, and only to be

found crowded on favourable spots.

These consist almost entirely entirely of fragments of metamorphic
rocks, limestone being very rare.

I have not remarked the ordinary erratics at a greater altitude than

3000 feet; but at 3700 feet above the sea and 50 miles from the

Rocky Mountains, there occurs a very extraordinary group of blocks

of granite, resting on a high plateau formed of sandstone strata.

These blocks are of great size, one having been estimated to weigh
250 tons. Although lying in a line miles apart, they seem to consist

of the same rock—viz. a mixture of quartz and red felspar, the latter

predominating, with only faint traces of mica disseminated in very

minute flakes. They present smooth surfaces, although in general

they are rhomboidal in form. Some of them are cracked into several

pieces, which are quite detached, but are evidently parts of the same
block*.

If these blocks were derived from the granitic belt to the east, as I

believe all the erratics of the prairies have been, they must have

travelled at least 400 miles. From the fact, however, that they are

beyond the western verge of the Drift, and that the boulders were
found, as a rule, to diminish in size in that direction, it maybe that the

presence of these blocks is due to veiy different agencies,—different,

at least, in the time of their occurrence. No granite was observed

on the east flank of the Eocky Mountains within British territory,

but the Trois Butes, south of the 49th parallel, are said to be com-
posed of granite, and also the Black Hills; but both of those lo-

calities are much to the south of where those blocks occur.

The surfaces of the higher plains are in some localities traversed

by profound rents, resembling the valleys of great rivers, but which,

after running for several miles, are generally found to be closed at

both ends. They are often occupied by deep lakes of salt water, de-

pressed 200 feet to 300 feet below the plain, and from 500 yards to

a mile in width. The great coulees in the neighbourhood of the

Ear Hills, south of Battle Eiver, are the best examples of these

;

but they are found in man)- other localities. It is difficult to con-

ceive that they are due to erosion alone f.

Before leaving the superficial deposits of the prairie-country, it is

necessaiy to notice the great river-valleys which traverse it, and

* For mention of a similar phenomenon, see Hooker's 'Himalayan Journals,'

vol. i. p. 201.

t The ravines mentioned by Sir Charles Lyell in his Second Journey in the

United States, p. 25. vol. ii., as occurring in the cretaceous and tertiary strata of

Georgia, seem to be very similar to them. He says, that when the woods are

cleared from the country, the sun, acting on the unprotected surface of the argil-

laceous strata, produces cracks that are soon enlarged to great gulleys by the

torrents of rain that fall. We may suppose that on the Saskatchewan, where there

is only a small quantity of rain, the winter's frost effects the same result, but
with this difference, that the successive landslips, remaining unmoved, at last form
such a gentle slope that vegetation can retain its hold, so that the rent is finally

represented by a symmetrical valley.
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which all point to a time when the rivers exercised a more powerful

influence than now ; as even small streams, such as Battle Biver,

flow through valleys from 150 to 250 feet deep, which have heen

partially refilled with stratified deposits. The sides of these valleys

are in general as regular and formal as those of a railway-cutting,

excepting where the nature of the strata causes frequent slides, or

harder beds give rise to a cliff-structure. The fiat alluvial bottoms

of these valleys are often four or five times the width of the river

which winds through them, and which is hemmed in by secondary

banks 30 to 40 feet high. The silt and alluvium are in general re-

gularly stratified, and almost every river-point contains one or more
lagoons, showing the frequent,, though slow, change in the river-

channeL
Terrace-deposits of the Mountains.—At the distance of 90 miles

from the Bocky Mountains, the valleys of the rivers flowing to the

east commence to exhibit terraces composed of rounded fragments of

quartzite and limestone, such as woidd form the rounded shingle on

a rocky shore. At the Bocky Mountain House, where these terraces

first attracted my attention in the winter of 1857-58, the North
Saskatchewan has excavated a valley in the Cretaceous strata, which
varies greatly in its width, sometimes being hemmed in by perpen-

dicular cliffs of sandstone, and sometimes sloping gently back to the

elevated country on either hand where the strata had been less

able to resist the erosion.

In this valley there are three terraces extensively developed at 20,

60, and 110 feet above the water-level*. Until we approach close

to the mountains these terrace-deposits are confined to the valleys

of the larger streams, but gradually they spread out, and at last cover

the whole country along the base of the mountains, filling up the

hollows and valleys of the outer ranges to the depth of several

hundred feet. This feature was observed at every point where we
approached the mountains from the east, from the 49th parallel north-

wards, and indeed was even better marked on the Athabasca Biver

than on any of those further south. Judging from the accounts of

American explorers, these terraces extend along the base of the Bocky
Mountains all the way south to Mexico.

One hundred miles east of the mountains, in latitude 49° 30' 1ST.,

shingle-beds are found to cap the Cypres Hills, which have an altitude

above the sea of 3800 feet, or nearly the same as that of the base of

the Bocky Mountains. The Cypres Hills are nothing more than the

western extremity of the great Missouri edteau, which, curiously

enough, here presents an escarpment to the west, and is separated from
the mountains by a tract of flat arid country of the above width. This
edteau is composed of Cretaceous and Tertiary strata, which have re-

mained as a dividing ridge, from the denudation having acted to the
north and south of the line which it marks. It is on the west and
south exposures of these hills that the shingle occurs, formed into

terraces like those along the mountains.

These are not to be classed, however, with the river-terraces, which

* These are roughly introduced in fig, 7. p. 424.

2 E 2
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are of much more recent formation, having been derived from the

deposits along the base of the mountains *.

This may not only be inferred from their relative position, but also

from the composition of the terraces themselves
;

for, although the

pebbles are the same in all, those in the valley-terraces are well

cleaned and mixed with sand, while in the terraces along the moun-
tains and on the Cypres Hills they are often encrusted with white

calcareous matter. This sometimes increases so as to form a perfect

cement, so hard as to allow of the fracture of the pebbles before that

of the matrix, just as is seen in some ancient conglomerates f.

On approaching the Eocky Mountains the extreme regularity with
which these deposits have been terraced by retiring waters at once

attracts attention. At the place where Belly Biver leaves the moun-
tains, in latitude 49° 34' N., Capt. Blakiston measured three of these

terraces, and found that they were elevated 61, 152, and 202 feet

above the river-level, which at that point, according to his measure-

ment, is 4024 feet above the sea. He describes them as being " very

marked, appearing as a succession of steps from the level of the river

to the plain above, often in sight for miles and running horizontally.

The tread of the step is of variable width, but the rise is nearly

always abrupt and well marked." From the regularity of these

enibanknient-like terraces in the valley of one river, he named it

Railway River (Further Papers, Pallisor's Expedition, 1860, p. 68).

On Bow Biver they are also well marked, and there I measured

four at the altitudes above the river-level of 30, 140, 170, and 240
feet, and traces of one still higher at 350 feet. The valley of Bow
Biver within the mountains is narrow and tortuous for the first

twelve miles, and in this part of its course the terraces are hardly

preserved. Above this point, where it occupies one of the expanded

horizontal valleys conforming to the strike of the strata, they are

again enormously developed. Even on gaining the Vermilion Pass

the only steep climb is at first, up the face of these terraces for 150

feet ; and then a gentle slope leads to the height of land.

The valley of the North Saskatchewan is much wider and more
direct within the Eocky Mountains ; and there we have not only

these terraces remarkably developed, but also their mineral compo-

sition much altered, partaking of what will be found to be their

character on the western slope of the mountains. At a similar

place, with respect to the mountains, to where the terraces were

measured on Bow River, four were estimated to have an altitude of

25, 70, 180, and 300 feet above the North Saskatchewan. The
shingle, cemented into a hard conglomerate, was here seen to rest

on the edges of the contorted strata of grit and shale with thin

* In latitude 42 D
at the base of the Eocky Mountains near Fort Laramie,

Havdeii describes similar " deposits of coarse conglomerate, 50 to 150 feet in

thickness, formed since the scooping out of the present river-valleys."—Proc.

Acad. Nat Sci. 1858.

t Darwin says of the slungle-formation of Patagonia, " The pebbles are im-

bedded in a white, gritty, calcareous matrix very like mortar, sometimes merely

covering with a whitewash the separate stones, and sometimes forming the greater

part of the mass."—Gcol. of S. America, p. 19.
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seams of coal. Within, the mountains the terraces expand so as to

form level prairies along the North Saskatchewan, of which the

Kootanie Plain is the principal. It is many miles in extent and

composed of shingle and incoherent sand, the widest terrace being

100 feet above the river. The river is, however, skirted by terraces

at still higher levels, especially on the south or right side of the

valley. Above Pine Point the calcareous matter of these terrace

-

deposits so increases as to replace altogether the pebbles, and they

are often composed of fine gritty calcareous mud of glistening white-

ness. If followed into the higher valleys, they become confused with

the detritus of ancient glacier-moraines, which, however, are easily

distinguished by the angular blocks which they contain.

On the Athabasca River, at fifteen miles from the mountains in

a direct line, the terraces were found at 15, 100, 210, and 370 feet

above the river-level. Within the mountains, this valley, which is

more dilated than even that of the North Saskatchewan, has also the

terraces better developed than I have elsewhere observed them on

the east side of the chain. The river moreover dilates into extensive

lakes at different points of its course, and there the rearrangement of

the material of the terraces is seen to be going on ; the water sepa-

rating the calcareous mud from the pebbles, while the winds, which
are extremely violent in this valley, sift out the fine sand and pile it

in tracts of sand-dunes which cover large areas.

The terraces may be considered as ranging on the east side of the

Rocky Mountains from 3500 to 4500 feet above the sea. Wherever
they prevail they support a growth of a peculiar sturdy pine which,

in common with the Banksian Pine, is known to the Hudson Bay
Company's hunters as the Cypres *.

Often the surface of a terrace is quite free from timber, the trees

being easily thrown out of the loose gravelly soil, and then it is ge-

nerally clothed with " bunch-grass f," which at once catches the eye

as different from the grasses of the eastern plains. The country occu-

pied by the terraces is easily passed through, as the forests are there

free from underwood, and the only obstacle to the traveller arises

from his having so often to make a steep descent to the base of the

deposit, which is cut through by every little stream, and then to

climb again the opposite bank. When passing along the side of a

valley, the numerous cross gulleys due to this cause would render the

construction of a road a very difficult matter, although nothing could

be firmer or more level than the surfaces of the terraces themselves.

This remark applies equally to the valleys on the west side of the

Rocky Mountains, where the terrace-deposits have a much greater-

development.

Terraces of the Western Slope.—All the valleys between the Rocky
Mountains and the Pacific coast lower than 4000 feet above the sea

* This pine is allied to the Pinus inops of the Atlantic bord and to the P. con-,

torta of the Pacific, and yet has distinctive characters from either. It has been
proposed to call it Pinus Saskatchewensis, Hooker.

f Festucce of various species. The grass on the eastern plains consists of varie-

ties of Ckondrosium (Blodget's 'Climatology of the United States,' p. 451).
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are found to be more or less occupied by deposits which are terraced

with greater regularity.

On descending the western slope, these deposits were first observed

in the lower part of the valley of Vermilion River, where they are

formed of the same glistening, white, calcareous mud that was seen in

the valley of the North Saskatchewan ; but it is in the wide valleys

of the Kootanie and Upper Columbia Rivers that these terraces are

best developed in the Rocky Mountains. These rivers run in oppo-

site directions through the same great valley which lies parallel with
the mountain-axis for nearly 250 miles, and which throughout is

skirted by terraces forming a succession of platforms, often rising to

600 feet above the river. These extend into the side-valleys, pre-

serving their horizontal character, but their composition is often

changed. At various points these deposits were seen to be distinctly

stratified, and in some cases they must have been disturbed between
the time of their formation and that of their being finally moulded
into terraces. Thus where the Kicking-horse River joins the Colum-
bia, and where both valleys present perfect terraces at five different

levels, the highest, forming a wide shelf 540 feet above the river,

the appearance which is exhibited in fig. 3 was observed, where
the stream has worn away the bank.

Fig. 3.— Terraces in the Valley of Kicking-horse River, Roclcy

Mountains.

Shingle.

Slate-rock.

The erosion of these deposits, and the production of steep and
quickly succeeding terraces (both being processes which may have
been simultaneously effected on successive shore-lines either of the

sea or of inland lakes) have been much more perfect in the valley of

Columbia, as far south as latitude 51°, than in the remainder of the

Columbia valley, which extends for a degree further to the south,

or throughout that portion of the same great trough which is oc-

cupied by the Kootanie River ; for there the deposits remain com-
paratively undisturbed, and form great stretches of prairie, only

cut through by a narrow but deep channel for the river. The
change of appearance in the valley from this cause is very abrupt
and striking. North of latitude 51° the terrace-steps succeed one
another rapidly, with the tread, or horizontal surface of the step,

narrow and furrowed ; and the traveller's progress is here impeded
by the dense growth of forest of a northern type, consisting of varie-
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ties of Spruce-fir for the most part, with, dense underwood ; but on
passing south of the slight bend of the Columbia, the tread of the ter-

race-steps commences to expand into wide level plains, dotted with a

forest of the sturdy Pinus ponderosa or the gigantic Lar'ioc occiden-

talis, both of which are trees that find their maximum in Southern

Oregon. The outlines of the terraces still preserve the same extreme
formality and steepness of slope, but on their level surface a rider can

gallop in almost any direction, so free is the forest from underwood.

Sometimes the trees are entirely wanting, leaving great tracts of open
plain embosomed in the mountains, forming the camping-grounds of

the Kootanie and Flat-head Indians, on which they raise the large

bands of horses for which they are famous amongst all other Indians,

the dry soil and nutritious bunch-grass producing a breed of superior

hardihood and swiftness.

In descending the Kootanie River from the Tobaco Plains * to

Colvile the country is rugged in the extreme, and these terraces are

met with wherever they have been sheltered from recent erosion in

valleys of unusual width or in recesses of the more narrow ones.

On reaching the belt of country where schistose and metamorphic
rocks prevail, the pebbles are often composed of greenstone, quartz,

and the other vein-rocks of the strata which they overlie. On reaching

the lower part of the country near Colvile, the terraces are still found

in all the valleys, not only at moderate elevations but also high up in

the mountains. Thus the Columbia at Fort Colvile, in latitude 48°

34', is 1000 feet above the sea, and terrace-deposits were observed on
the sides of the valley at least 1200 feet above the river-level.

The great Columbian Desert and the Spokane Plain are both
covered with the same deposits of shingle, resting, in the former case,

on the great lava-floes, and, in the latter, on granite and metamorphic
rocks. The Spokane Plain, which is of comparatively limited extent,

has its margin beautifully terraced, repeating on a grand scale the

same phenomena as may be observed on the shore-line of a shallow

lake after the summer-drought. At old "Walla Walla, where the

Columbia River passes from a wide and flat sandy desert to break
through the profound rocky canon of the Cascade Range, the whole
country is covered with light blown sand, which renders it almost

uninhabitable, being swept in clouds by the high gales that constantly

blow either up or down the river through this wonderful chasm.

Here in an ancient lake-bottom have been found the remains of a

Mastodon by some American explorers.

To the west of the Cascade range of mountains along the Pacific

coast, terraces of shingle prevail as in the interior. Also on Vancouver
Island they were observed near Nanaimo. Near Fraser River and
Puget Sound they are very well marked, and at the latter place occur

the " Mound-prairies," which, however, I only know of by report.

These are level surfaces of terraces free from forest, and covered with
lines of conical mounds, 10 to 20 feet high, said to be formed of

* The term " Tobaco Plain" should proper
1

y be only applied to a little plot

near the Kootanie Trading Post, but we have thought it advisable to extend the

name to all the large plains along the Kootanie River near lat. 49° N.
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boulders piled on one another and resting on the surface of the
shingle.

Terraces in California.—Before leaving these shingle-deposits 7

which are so largely distributed throughout the mountain-valleys
of British North America, I may mention that in California I found
these terraces ranging on the western slope of the Sierra Nevada,
at least to the height of 3000 feet, and there they are extensively

worked by the hydraulic method for the sate of the gold they con-
tain. At Nevada City, and also on the Yuba River, I saw deposits

of this shingle-conglomerate, 200 and 300 feet in thickness, ac-

tually being washed off from the face of the country by this power-
ful means, which consists in delivering water under great pressure

against the face of the cliff, from nozzles like those of a fire-engine.

The supply of water for this purpose is in the hands of companies
separate from those that conduct the mining, as it is often brought
through tunnels and over high-level aqueducts from remote and
uninhabited regions. The particles of g

vold care disseminated through-
oat the whole deposit, but the richest washings are from its base,

where a pink pipe-clay, technically known as " pay-dirt," rests on the
" bed-rock." The whole water, with the material washed out of the

cliff, is directed through long troughs called " flumes," which are con-
structed of wood, like mill-leads, often continuously for six or seven

miles. The large stones are thrown out, as they pass, by men with
shovels, to save the wear on the bottom of the " flume," while the

finer material is carried on by the rush of water, and passes over

frequent crossbars called " ripples," where a little mercury is placed

to entrap the gold by amalgamation. At Nevada City, where the

coating of shingle-deposit has thus been cleared from the surface of

the coarse-grained and soft granite which underlies it, gigantic masses

were exposed on what had once been the rugged shore of an inlet,

just as may be seen on a waterworn coast of the same material at

the present day. In California fragments of wood are found
throughout the shingle in abundance, often carbonized, but in

general silieified into a substance exactly resembling asbestos. In
the sand and conglomerate of the Ivootanie Valley I found fragments

of wood of similar appearance.

As my observations in California should not properly be introduced

in this paper, I shall leave them for another opportunity, the object

of my having mentioned them being to point out the great similarity

between the superficial deposits of the great gold-country and those

within the British territory further north, which encourages me to

assert that the whole country up to the Kootanie River and the base

of the Rocky Mountains, wherever the ancient terraces prevail resting

on Silurian or metamorphic rocks, will be found to be auriferous.

In my party in 1S59 I had an expert " washer" who had been at

the Californian mines ; and he frequently got " colour," as a faint

trace of gold is termed, by merely washing the gravel from the beds

of the streams, without any regular " prospecting " or " digging."

The discovery of what are among the richest " pan-diggings " on the

Pacific coast in the Sehimillcomeen Valley, and the existence of
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gold-mines worked since 1855 on Clark's Fork, half a mile north

of the boundary-line where it meets the Columbian River, prove

that the belt of auriferous country in California and Oregon is con-

tinuous with that of Eraser River ; and there is no reason to doubt

that in a short time the rugged and unexplored country which forms

a triangular region north of the boundary-line, and is drained by the

waters of the Upper Columbia and Kootanie Rivers will be overrun

by prospectors, and then by active gold-miners, just as the western

part of British Columbia has been within the last few years *.

Age of the Terrace-deposits.—The evidence we have respecting the

age of the terrace-accumulations is very imperfect. There can be no
doubt that those occupying the valleys of the Rocky Mountains, being

furthest from the coast and at the greatest elevation, are the most
ancient, and that from the time of their deposit till now the rear-

rangement of the same materials has been carried on during the

gradual uprising of the continent.

The shores of the intricate channels and inlets on the Pacific coast

of British North America, if elevated from the sea, would present but

slight difference from sides of the narrow valleys in the Rocky Mount-
ains at an altitude of 3500 feet. "Whether the continent was ever in

later times depressed to that extent in the mass, or whether the

central upheaval has been much greater than that along its margin,

is a consideration of great importance, and could perhaps be settled

by ascertaining to what altitude the terraces can be traced on the

Cascade Mountains.

The existence of marine Tertiaries along the coast, supposed to be

of the same age as those in the eastern prairies, and also within

the Cascade Range at slightly greater elevation and sometimes over-

flowed by the lava from those mountains, would seem to indicate that

the elevation has been very unequal
;

or, in other words, that the

Tertiary formations along the Pacific coast have hardly been raised

at all, while those in the interior are elevated several thousand feet.

On the eastern plains we have marine and other Tertiaries at an
altitude of about 3000 feet above the sea, and Hayden describes

them as " in all cases undisturbed, and not unfrequently resting on
the upturned edges of azoic and granitic rocks t." But in the

prairies these Tertiaries, along with the Cretaceous strata on which
they generally repose, have been enormously denuded, and are

found merely as outlying patches forming the tops of hills. It must
have been during the period when this denudation of the eastern

plains accompanied the gradual emergence of the continent, but acting

with very different results on the rocky sea-bottom and successive

ranges of iron-bound coast presented by the western slope, that

these immense deposits of shingle were formed and moulded into

terracesj.

* I have just heard that some Americans have discovered that there is gold
deposited by the Saskatchewan at the Rocky Mountain House. If so, it must
be washed out of the shingle-terraces along the eastern base of the mountains.

—

Aug. 1, 1861. t Proc. Acad. Nat. Sci. 1858, p. 17.

\ In many cases there is no doubt that the terrace-arrangement has been
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But if this reasoning is to apply to the most ancient of those

accumulations, and so place them as more recent than the latest

Tertiary times, then there must have been a slight depression prior to

the steady and gradual elevation of the continent that has continued

ever since. Moreover, unless this depression was local and confined

to the mountain-region, how are we to account for the absence of

Post-tertiary formations over the high-lying Tertiaries of the plains

in sufficient quantity to have allowed time for the production of such
a gigantic formation of waterworn stones ?

On the other hand it is possible that their production may have
commenced in Tertiary times, so that they are almost coeval with
the great lignite-basin of the Missouri, which is an estuarine de-
posit resting, according to Hayden, quite conformably on his Upper
Cretaceous beds.

He also describes his Titanotherium-bed, the lowest of the White
Eiver Tertiary basin, which has yielded so many forms of chelonian

and mammalian remains, as likewise resting without a break of con-

formity on the Upper Cretaceous*. Thus if this latter suggestion

respecting the age of the most ancient of the terraces be correct,

they must have been formed in the straits and inlets of an archipe-

lago or rocky reef lying to the west of a flat Cretaceous continent,

in which were estuaries and lagoons choking with rank vegetation,

and large lakes, which gradually filled up, burying the remains of

the gigantic turtles and extinct forms of mammals.
In the Gulf of Georgia there are beds of conglomerate and coarse

sandstone overlying the Cretaceous strata to all appearance, and
which, I have thought, may perhaps correspond to the more ancient

of the mountain-terraces to which they bear a great mineral resem-

blance, excepting that those in the Gulf of Georgia have been much
disturbed, so that they are harder and their bedding is better marked.

The difference is, however, not greater than we should expect, if we
consider the one group to have been placidly raised to a great

altitude, while on the other the force has been expended in producing

plications and faults.

Drift of Pacific Coast.—The glacial markings on the metamorphic

rocks of Vancouver Island are better displayed than I have elsewhere

seen them. Every surface near Victoria that is either naturally

exposed, or from which the soil has been removed, exhibits deep

parallel furrows, generally with a N.E. trend. They are also seen on

the main land at the entrance to Puget Sound quite as distinctly.

Erratics are distributed all along the Pacific coast, at least as far

south as latitude 46° N., where they occur, but not very plentifully,

near Vancouver and in the valley of the Willamette. They are

often of great size, and on Vancouver Island are composed of a grey

given to these deposits by the shore-line-action of lakes which formerly occupied

the irregularities of the surface of the country ; but we can hardly suppose that

the material itself, consisting of smoothly worn fragments of the hardest rocks,

could have been entirely the result of the feeble erosive agencies that such lakes

exercise.

* Troc. Acad. Nat. Sci. 1858, p. 10.
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syenite, which Mr. Bauerman told me occurs in the Cascade Range.

Often in the woods to the south of Fraser River I saw solitary

boulders 6 or 8 feet high, resting apparently on the shingle-terraces

which here are only 100 to 200 feet above the sea. Certainly at

the Fourth Plain, five miles from Fort Vancouver, there are several

large blocks, though not of the above size, that do rest on the gravel-

terrace which skirts the valley of the Columbia River. On most of

the islands in the San Juan Archipelago, and along the coast of

Puget Sound, high sections of yellow sand and clay are exposed,

forming the sea-shore. The terraces are there further inland.

From this drift Mr. Bauerman procured casts of Cardium and
ScLvicava.

As I never observed drift or boulders within the Cascade Range,

even in places elevated only 600 to 700 feet above the sea, but as

all the superficial deposits in the great trough between that range

and the Rocky Mountains are clearly formed from the rearranged

materials of the shingle-terraces along with tufas from the Cascade

Range, I conclude that the average lowest altitude of the Cascade

Range, which is somewhere about 4000 feet above the sea at the

present time, exceeded the depression of the continent during the

glacial epoch, and presented a barrier to the causes which transported

the erratics and scratched the rock-surfaces along the Pacific coast.

If the Cascade Range at that time formed a promontory enclosing a

gulf like the Gulf of California, it would exactly fulfil these condi-

tions.

TERTIARIES.

The existence of Tertiary* strata, ascertained to be so by their

organic remains, has only been proved at one point west from
the Cypres Hills, where Mr. Sullivan obtained Ostrea Veleniana,

associated with a Modiola and a few other fossils, which Mr.
Etheridge, who has named all the Cretaceous and Tertiary fossils

brought home, has been unable to identify. The beds from which
these fossils were obtained consisted of friable sandstones with argil-

laceous and calcareous concretions,with massive and irregular bedding,

and often passing into incoherent pebble-conglomerate. Judging alone

from mineralogical resemblance, these beds were recognized over a

considerable area, but always forming high grounds in the neighbour-

hood of the Missouri Coteau, S.E. from the mouth of Belly River.

On the Souri River, seven miles north of the boundary-line, in

longitude 104°, was observed what is perhaps a portion of the

Missouri Tertiary lignite-basin. This locality, which is known to

the half-breeds as " La Roche Percee," is well up the eastern slope

of the Missouri Coteau, and within a degree of latitude of that river

itself, at a point where the existence of the lignite of Tertiary age

has been well ascertained.

The Souri River at this point flows through a valley with steep

sides, depressed 165 feet below the surface of the plain, which at this

* Using the term in its limited signification, as including Eocene, Miocene,,

and Pliocene.
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place is quite level, and strewn with an immense profusion of

boulders, being at the base of the Third great Prairie-level. The
sides of this valley are cut by numerous ravines, which only extend
a short way back into the prairie, and exhibit sections of the

following strata (see fig. 4) :

—

Fig. 4.

—

La Roche Percee, in the Valley of the Souri River : a section

of the Tertiary Lignite Group.

a. Drift. b. Splintery limestone. c. Clay with lignite.

cl. Coarse-grained sandstone. e. Concretionary sandstone.

a. Drift with boulders 4 to 7 feet.

b. Mud-stone 1 foot.

c. Incoherent sandstone, fine-grained, with hard con-

cretions impregnated with iron, which weather
concentrically 10 feet.

d Porous calcareous sinter 1 foot.

e Hard blue ironstone-shale, decomposing into deep

orange-coloured splinters 2| feet.

/ Gritty limestone 2 „
g Ash-coloured clay in thin indistinct layers, very soft,

with one bed of lignite 9 inches in thickness 8 „
h Hard blue limestone

i Same as g, but with thin seams of lignite 10, 8, and

6 inches in thickness 15 ,,

1c. Gritty limestone 2 „
Brightly coloured marls and shales, with selenite in

small fragments 10 „
in. Coarse-grained, incoherent sandstone more than. ... 20 „

Excepting a few fragments of plant-impressions, like stems of

sedges, no fossils were obtained from these beds by which the age

could be identified. They may perhaps be passage-beds, representing

the highest strata of the Cretaceous era, overlain by the lignite-basin ;

as further south they are so disposed, and with very similar mineral

characters.

The lignite does not occur in well-defined beds, but graduates into

the shales on both surfaces. It is not visible until a light ashy deposit

is removed from the exposed edge of the bed, which has been formed

by the soft clay washing down from the strata above. The lignites

are of several different varieties, some having quite the texture of

compact canncl-coal of fine quality, some like the more glistening
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bituminous coal, friable, and only to be obtained in small cubical

fragments, while some of it can hardly be distinguished from
charcoal, but all varieties have a deep purple-brown colour, which
is well seen when a portion is reduced to powder. A sample of this

lignite has been analysed in Dr. Percy's laboratory, at the Museum
in Jermyn Street, by Mr. Charles Tookey, with the following

results :

—

Carbon . 56-50

Hydrogen 3-65

Oxygen 18-91

Nitrogen 0-80

Sulphur 0-60

Ash 5-62

Water (hygroscopic) 13-92

100-00

The sandstone which forms bed c is composed of very fine pure

grains of quartz, hardly cohering ; but in the upper parts of the bed
there occur concretions impregnated with clay and iron, and of a

reddish hue, that are comparatively hard and decompose concre-

tionally. This irregular disintegration gives rise to a curious

formation of the banks of the valley, which has rendered this lo-

cality an object of great superstition among the Indians. The lower

sandstone wears away from under the hard concretions, that assume
the form of compressed spheres, and sometimes long cylinders like

the boilers of a steam-engine, which are left supported on pillars of

the white sandstone. The gulleys which join the main valley are thus

filled with grotesque forms, sometimes exactly resembling the half-

buried remains of ruined edifices. The sandstone (m) at the base of

the section is also very incoherent, but is composed of larger grains

of quartz. The strata are not found in the same order and propor-

tion throughout the valley, but yet they always appear to be hori-

zontal. The marly shales (lettered I) have a considerable quantity

of selenite disseminated as small crystals. La Eoche Percee is in

latitude 49° & N., and longitude 103° 54' W.
This formation has, without doubt, been much more extensive,

and has overlain the Cretaceous beds as far north and east as the

great sandy waste where the track of the Expedition crossed the

Souri Eiver in latitude 49° 30' K, and longitude 100° 20' W. At
that place the sand-hills rise 70 and 80 feet, so pure and so feebly

bound by the few plants that grow on their surface that they are

constantly windblown. Under these, and cut through by the Eiver

Souri, was observed a lacustrine deposit in which one bed was com-
posed wholly of rolled fragments of lignite, overlain by sandy marls

and gravel, enclosing fragments of bones which Professor BIuxle3r

refers to the Bison ; and along with these were small land- and fresh-

water shells. This deposit has been found in one of the lakes, which
I referred to generally as of Quaternary age when describing the

superficial deposits of the prairies. The origin of this one has been
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from the damming back of the water by the Blue Hills of the Souri,

which are composed of hard Cretaceous shales, and through which the

river of that name escapes to join the Assineboine by a narrow and
profound chasm which it has gradually cut through the horizontal

strata. The place where the sand-hills and the bed of lignite-pebbles

is found has been the north shore of the lake, which must have been

of very considerable extent.

The great valley of the South Saskatchewan where it is hemmed
in closely by the Grand Coteau at its elbow opens out above that

point, and at the junction of Eed Deer River and Bow River in

longitude 109° 30' W., latitude 51° N., the hills retire many miles

from the river, which, however, always preserves its immediate

banks of from 200 to 250 feet in height. The prairies are there

again covered with a waste of blown sand, which may perhaps have

had a similar origin from Tertiary or Upper Cretaceous beds, which

have been subjected to local denudation. The same iron-shot bands

containing the shells of land Molluscs and Bison bones were there

observed, but without any traces of the rolled fragments of lignite.

East from the elbow of the South Saskatchewan there is also a

tract of sand-hills with quite the same feature ; but there I observed

masses of sandstone in situ, resembling the lowest beds at La Roche
Percee. On the opposite site of the Qu'appelle Valley, within a few
miles from where I turned, tbe same sandstone occurs, and there Mr.

Hind found the characteristic fossils of the Upper Cretaceous group

(Rep. Assineboine and Sask. Exp.).

On the North Saskatchewan, forty miles above the elbow and

a little way above the Eagle Hills, on the left bank of the river, there

are cliffs of a veiy incoherent sandstone, rising 40 to 60 feet above

the water's edge, and worn into caves, which often communicate with

the plain above. At the time I observed the sandstone, I took it

for a local variety in the drift. If, on the other hand, it belongs to

the Tertiary or the Upper Cretaceous group, it proves them to have

a very singular distribution, conforming in a great measure to the

present river-valleys ; as on the opposite side of the river, at a little

distance back, the Middle Cretaceous group rises to the height of

several hundred feet.

Eight miles below the elbow of the same river, near Birch Gulley,

the banks rise abruptly on either side to the height of 210 feet, when
the level plain is reached at the point where the great erratic masses of

limestone rest on its surface. At the base of the bank from this

point, all the way down to Carlton, a distance of forty miles, springs

of water escape highly charged with iron and lime, which deposit a

light-yellow ochre. At the above locality the springs were seen to

issue from beds of sandstone and conglomerate, with travertine con-

taining dicotyledonous leaves.

The section is as follows :

—

a. Banks of valley composed of Drift.

Coarse ferruginous sandvery moist,with beds of blue- and buff-

coloured clay, the whole having rounded boulders irregu-

larly dispersed.
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b. 20 feet of coarse and fine sandstone impregnated with lime,

also gravel and shingle, and bed of travertine (c) with di-

cotyledonous leaves.

Ancient valley-deposit ?—or underlying the Drift ?

d. Present river-level with banks, 8 feet high, of silt and fine

sand, forming the " points " and densely wooded islands

in the channel.

I was unable to determine whether these beds have been formed,

like the silt-banks of the river, at a time when it was much larger

than at present, or whether they are beds cropping out from beneath

the drift. They are quite consolidated, but this may have resulted

from the calcareous nature of the matrix.

It will be seen that the observations I have made respecting the

distribution of the Tertiaries on the eastern plains are very disjointed

and unsatisfactory. As the Cretaceous strata overhanging the

Winnipeg group of lakes appear to dip to the west, again to rise to

the Coteau cles Prairies, it is probable that the trough which they

thus formed was occupied by Tertiaries of the same age as those that

cover the Cretaceous strata on the Upper Missouri ; but that, in the

immense denudation that has taken place, they have been unable to

withstand the erosion so well as the tough clays that underlie them,

which had therefore remained as a shoal further out to sea, while

along the shore the more yielding strata were being rapidly ground

down under the combined action of currents and stranded ice.

Although it is probable that Tertiary basins occur in the plains

further west, especially some of the groups that yield lignite, these

will be afterwards described along with the Cretaceous strata, as

there is an absence of data by which to discriminate them.

CRETACEOUS SYSTEM.

Nearly the whole of the great area of prairie country from the

eastern axis to the Rocky Mountains is occupied by Cretaceous

strata, which have attained an enormous development throughout
the central portion of the North American continent.

The classification of these strata, as they occur in the prairies to

the south, has been worked out during the last six years by Messrs.

Meek and Hayden with great success, and the results have been
published as memoirs in the ' Proceedings of the Academy of Natural
Sciences, Philadelphia.' The Reports of the various Pacific Railway
exploring expeditions also give details and descriptions of the fossil

remains which have been found in this group.

Messrs.Meek and Hayden divide the Cretaceous System of the Upper
Missouri into five groups ; but my observations were not sufficiently

extended to warrant my referring the different Saskatchewan strata

to these without much doubt, more especially as I had not the

benefit of their valuable reports, which were published while I

was engaged in the exploration. In the following vertical section I

have therefore adopted a different method of lettering, only indi-

cating the probable equivalents of their section. In the case, how-
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ever, of one group (E), Mr. Meek has identified the strata from
fossils submitted to him by Mr. Hind. The groups in my section

do not perhaps truly represent successive periods in time, but rather

indicate the different conditions that existed in the geographical

areas in which they were deposited.

Vertical section, in descending order, of the Cretaceous System, as

developed in British North America.

Observed by Hind on South Saskat-

chewan below the Elbow.
Lower part of section at La Roche

Percee ?

At the elbow of Battle River ?

Forms the high grounds cut through
by Long Creek and the Souri River.

Also at the Forked Creeks near the

Assineboine.

Arenaceous clays and sandstones,

with Scaphites, Nautilus, Avicula,

and other marine Mollusca.

No. 5 of Meek and Hayden.

E Indurated olive-coloured shales, with

bands and fissures filled with clay-

ironstone. Leda Hindi, Ostrea

lugubris, scales of Ctenoid Fishes,

Annelide-tubes, and Plant-remains.

Also observed by Hind, Natica, Ammo-
nites, &c.

No. 4 of Meek and Hayden.
D. Dark-purple and brown laminated

clays, with ironstone-septaria, and
sometimes crystals of selenite. Bacu-
lites, Inoceraraus, Pholadomya, Car-

dium, Exogyra, Astarte, Cythcrea,

Ammonites.
No. 3 of Meek and Hayden.

C. Sandstone overlying marly clays,

banded with thin seams of iron-

stone, thin beds of limestone, stiff

dark-blue clay, and arenaceous

shales. Ostrea cortex, 0. veflicafa,

0. anomiceformis, Cythcrea, My-
tihcs, Cardium, Venus, Natica, &c.

Stems and roots of siUcified trees.

B. Great lignite-group * ; sandstones

coarse and friable, or argillaceous

and concretionary, indurated shales,

and soft limestones, ironstone-

nodules, beds of lignite 3 to 10 feet

thick : silicified wood, Taxites, and
sedge-like stems in the sandstones.

No. 1 of Meek and Hayden.
Includes the Wealden (?).

Green sandstone and conglomerate at

base of liguite-group at Nanaimo,
tufaceous sandstone-conglomerate,

much altered, and containing

Trigonia Emori, Cythcrea Leo-

nensis, Area (2 sp.), Psammobia,
Exogyra (2 sp.), Ostrea (2 sp.),

Rostellaria, Pecten, &c.

Jurassic ?

Valley of Assineboine at Fort Ellice.

Elbow of South Saskatchewan, Eagle
Hills, and on North Saskatchewan
to Fort Pitt. On north slope of

Cypres Mountain. In the Gulf of
Georgia, on Vancouver's Island, at

Nanaimo River, Saltspring Island,

and at Valdez Inlet, by McKav.
Battle River ? Hand Hills, Red Deer

River.

(Not observed on west side of

Rocky Mountains.)

Red Deer River, North and South
Saskatchewan, Athabasca, and Pem-
bina Rivers, &c. Nanaimo, Van-
couver Island, Bellingham Bay,
Burrard's Inlet, Gidf of Georgia,

&c. The position of this group is

not clearly made out to the east of

the Rocky Mountains, as the sections

at the first and second localities are,

so far as is known, contradictory.

The beds at Battle River, Edmonton,
and Lower Red Deer River may be

Upper Cretaceous or even Eocene.
Fossil Point, Departure Bay, North of

Nanaimo in Vancouver Island.

* It is possible that the lignite-bearing group B, which occurs in two lines
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Bituminous shales, resting on lime-
stone and covered by friable sand-
stone. The shale takes fire and
burns spontaneously.

The limestone contains fossils that are

Jurassic (?).

[From these shales perhaps come the

two species of Ammonites described
by Hind.]

Described as occurring on the Mac-
kenzie River by Richardson.

Similar bituminous shales on the

North Saskatchewan and on the

Athabasca where it cuts through to

outer range of the Rocky Mountains.

Containing Ostrea and Cardium.

7Z c
O r^J

[For comparison with the foregoing section I give three sections of the Creta-

ceous beds and the Tertiaries immediately overlying them, extracted from the

Reports of the Mexican Boundary-commission, vol. i. p. 126 et passim, where
an able digest of their relations is given—prior, however, to the most recent of the

researches of Meek and Hayden.

First. Section of Eastern States. New Jersey.

VIII. Upper greensand beds (3rd).

VII. Coarse and fine beachsand.

*jd ( VI. Middle greensand beds (2nd).

V. Quartzose sand, indurated and concretionary, with oxide of iron.

Exogyra costafa, Ostrea larva, Belemnitetta, Pecten.

IV. Lower greensand beds (1st), marly clays.

Exogyra costata, Ostrea larva.

Gryphea, Ostrea vesicularis.

III. Dark-coloured clays, greensand in patches.

Ammonites Delawarensis, A. placenta.

\ A. Conradi, Baculites ovatus, and casts of Cardium.

In this position should be Nos. 2 and 3 of Meek & Hayden.

No. 1. of
J"

II. Dark clays with fossil wood.
M. & H. ]_ I. Fire- and potter's clay, fossil leaves and wood.

Second. Section of Strata on Mexican Frontier.

Tertiaries of west coast. Miocene.

Tertiaries east of the mountains
;
sandstone, sands, and conglomerates

like those of the Mauvaises Terres in Nebrasca.

Calcareous beds with marine Eocene fossils underlying unconformably the
preceding strata.

Cretaceous.

1. Ai-gillaceous beds. Exogyra costata.

2. Calcareous beds, buff- and lead-coloured, with beds of white limestone.

Gryphea Pitcheri, Cardium multistriatum, Toxaster, Holectypus,

Ammonites Texanus, Hippurites, Nerinea, Caprina, &c.

3. Sandstones of various colours with beds of clay.

Carboniferous.

Third. Section from the Missouri westward.

Tertiary indurated clays, sandstones, conglomerate, and limestone,

with mammalian and chelonian remains, and fresh-water shells.

f o. Arenaceous clays, argillo-calcareous sandstones. 80 feet.

|
4. Plastic clavs, concretionary calcareous sandstone,

i 250 to 300 feet.

Nos. III. IV. &

V. of the New
Jersey Section.

C. & D. of

Nicollet. j.
This is the principal fossil-bearing bed of the Upper Missouri.

separated by a belt of clays like C, may include deposits of two different ages

—

the one Upper Cretaceous or Eocene, like the beds at La Roche Percee, and the

other Cretaceous, in the jDosition assigned to it in the section.

TOT,. XVII. PART I. 2 E



414 PROCEEDINGS OE THE GEOLOGICAL SOCIETY. [Apr. 10,

3. Calcareous marl, Ostrea congesta, Inoceramusprohlematicus,

1. Sandstone and clay with fossil wood 90 feet.

" The change from III. to IV. is always well marked.
•' Inoceramusproblematicus, which is the same as I.fragilis, is the characteristic

fossil of Nos. II. and III., and with Ostrea congesta ranges to Mexico.
" These latter groups everywhere rest on the sandstone and clay beds (No. I.),

which are the ' Jurassic ' of M. Marcou.
"With the exception of two species, the Cretaceous fossils of the Mexican

frontier are distinct from those of the New Jersey section, and nearly equally so

from those of Nebrasca ; whereas the latter or Nebrasca section, extending from
the Missouri westwards, has many fossils in common with those of New Jersey

and Alabama. It is therefore probable that the Mexican beds represent a

different epoch in the Cretaceous series from those of the east and north-west.

However, from the Mexican frontier no sections were obtained to show whether
one or more groups were represented."—Rep. Mex. Boundary-commission,
vol. i. p. 126.]

Group F.—In speaking of the Tertiaries, I have mentioned the

only places where it is probable that the route of the Expedition

touched on the strata of this group—viz. at the height of land of the

Qu'appelle River and at La Roche Percee, where the lower sandstones

may perhaps be of this age.

Grotop E.—By reference to the map, it will be seen that the first

point where the route of the Expedition passed over Cretaceous strata,

was after gaining the great plain of which Pembina Mount forms the

eastern limit, at Long River, latitude 49° 8' N., longitude 9S° 35' "W.,

which is a tributary of Pembina River, flowing northwards. This

stream flows through a deep valley in the high plateau stretching

back from Pembina Mount, and in its gulleys are exposed sections

of group B. It is a compact shale of light greenish-drab colour, not

occurring in continuous layers, but as fragments with irregular

conchoidal surfaces, which have been produced by the desiccation of

what were originally thin layers of clay. Sometimes it has more of

a slaty character. Among these beds are hard bands and nodular

masses of dark-brown clay-ironstone, and perpendicular fissures are

common, which are filled up with splintery iron-shale. Also small

coloured tubes traverse the strata perpendicularly in large numbers.

The same strata were observed at Forked Creek, where a deep

gulley joins the valley of the Assineboine in latitude 50° 6' N., and
longitude 101° 18' W., and these two places are both on a line of

high hilly ground, which stretches in a north-west direction, no
doubt marking the outcrop of the shales. At Long River they dip

gently to the south, and are covered by 6 feet of pure white sand,

very incoherent ; and over this lies the Drift, consisting of light-grey

calcareous earth. At Forked Creek they seemed to be strictly hori-

zontal, and were covered by a local drift derived from the subjacent

beds. Mr. Hind, who also saw the beds at Forked Creek and other

localities, submitted the fossils which he obtained to Messrs. Meek and
Harden ; and they have referred them to their second highest group.

He gives the following list as named by them* :

—

* Rep. Sask. Exploring Expedition, p. 180.
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Anomia Flemingii.

Inoceramus Cedarensis.

Leda Hindi.

Natica obliquata.

Avellana concinna.

Ammonites (sp. indet.).

Of those from my collection has been determined the Leda Hindi

;

and, in addition, Ostrea lugubris, scales of Ctenoid Fishes, Annelide-

tubes and Plant-remains were also found. Traces of these beds were
observed to the south of the Qu'appelle River, and also on the North
Saskatchewan on the left bank, a considerable distance above the

Eagle Hills. Mr. Hind also observed them to form part of the high

escarpment of the Duck and Hiding Mountains which overhang the

lakes, reaching an altitude of 1000 feet ; and it was at 500 feet from

the summit that he detected these strata.

The group has not been distinguished from the next on the

map which accompanies this paper
;
but, from the more resisting

texture of these shales, it is probable that they occupy a larger area

of the lower plains that have been subjected to such great denudation

than any other group of strata.

Group D.—At Fort Ellice the banks of the Assineboine are 240
feet high, and in general their structure is obscured by vegetation,

but at one point a recent slide displayed a partial section of the bank.

The upper part consisted of the comminuted fragments of the last-

described shale, along with beds of pure sand, and also the more com-
monyellow drift. Close to thewater's edge, masses of strataof tenacious

calcareous clay were exposed, of a dark-purple colour, but presenting

a weathered surface decomposing into a ferruginous earth. Along
with these strata were two beds of soft clay-ironstone about 4 feet

apart ; the lower one half a foot thick and rather compact, the upper

one concretionary, forming thick nodulated masses, the surfaces of

which show the cone-in-cone structure. At this place only a few
fragments of the nacreous shell of Bacidites were found, but suffi-

cient, along with the mineral resemblance, to identify these beds with

group D in the vertical section. At the elbow of the South Saskat-

chewan, where that river cuts through the great prairie-coteau, the

boulder-drift is seen to rest on strata of purple clay (fig. 1, p. 395),

with nodular masses of ironstone, having veins and cavities filled

with calc-spar. These Septaria are in great numbers, and, when
broken, are found to include fragments of the following fossils :

—

Baculites compressus. Cardium.
Inoceramus (/. Crejpsii of Roemer Exogyra.

and Conrad). Astarte Texana.
Pholadomya occidentalis {Morton). Cytherea.

The outcrop of these Septaria-clays has a clear relation to the

great prairie-ridge which is cut through by the South Saskatchewan
at this point, and continued to the north-west by the Eagle and other

hills to near Fort Pitt, where it hems in the North Saskatchewan in

like manner, the banks having an altitude of 500 feet, and also dis-

playing sections of the strata with the same fossils. At the base of

the Eagle HilLs, and wherever they prevail, they form lofty and
ruinous banks, the strata breaking away in great slices, which slide

forward successively. I have counted as many as thirteen such slides

2 f 2
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on the bank of the river ; the oldest, though now close to the water-

level, still bearing part of the original prairie-surface, with the same
turf that once grew 200 or 300 feet above its present position. The
result of this is, that it is seldom that anything can be learnt of the

strata which form the full thickness of the river-banks, the more
superficial beds being repeated again and again in each slip, so as to

give a very exaggerated idea of their development. Above the elbow

of the South Saskatchewan the strata are very dark, and contain a

large quantity of selenite in radiating crystals. Portions of those

soft strata have been formed at this place, by the action of the weather

and of the river on their base, into lofty conical mounds, which
present a most extraordinary appearance. As no grass has time to

grow on them from the constant attrition of their surface, they are

perfectly black, and their outline is broken into terraces by the

successive lines of ironstone-concretions, which from their hardness

retain the soft strata underneath them. At the base of the Cypres

Mountains, where these hills begin to rise from the plains that He
between them and the South Saskatchewan, the sides of the coulees

are formed of the same Septaria-clays, with fragments of Inocerami,

and presenting the usual rugged features. This locality would be

very favourable for the study of the whole Cretaceous group and

the overlying Tertiaries which form the summit of the high lands of

the Missouri Cdteau, were it not so dangerous on account of the

different hostile Indians that move about in strong parties through

it. The Expedition only spent a veiy few days at this interesting

place, as it was here that we broke up into parties to explore the

Rocky Mountains in 1859. From the few observations I was able

to make however, I have been induced to carry the line of these

strata from the elbow of the south branch along the cdteau to the

Cypres Mountains, besides their outcrop to the north-west, along

the line of the Eagle Hills to Fort Pitt. In the prairies .this and

the other groups of the Cretaceous System preserve an unaltered con-

dition, and rarely present other than a most gentle dip ; but close to

the Rocky Mountains, and also within the plications of the older

rocks forming that chain, altered shales, highly charged with iron

and resting on sandstones, were observed, which at the time I was
inclined to consider to be these Septaria-clays, as the concretions had
a very great resemblance to those of this group.

Similar beds with Inocerami were also observed at Nanaimo on
Vancouver Island, but I shall describe the whole strata at that

place together, and for the present confine myself to the development
of the Cretaceous System in the Eastern Prairies.

Group C—A very large proportion of the higher plains to the

west of the Eagle Hill Cdteau is occupied by the fourth great group

of the Cretaceous strata. It is met with forming the banks of the

lower part of Red Deer River, near where the Expedition crossed it

during the last summer's explorations. From that part it rises to

the westward, until, at the Hand Hills, the sandstone which forms

its upper member has preserved it as outliers, having abrupt escarp-

ments to the west. By its marked lithological character it was also
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recognized on Bow River to the south for a considerable distance

above the mouth of Belly Biver, and also yet further to the south-

west, forming the high broken grounds over which I passed on my
journey from the Cypres Mountains to the Rocky Mountains in

August 1859. It was also met with at the elbow of Battle River,

and above Fort Pitt, on the North Saskatchewan, where it seems to

form the banks of that river for a considerable distance, but is

wanting above the Snake Portage, until it reappears again at the

Pyramids about 100 miles above Fort Edmonton. Between these

points it probably forms the high grounds back from the river, such

as the Beaver Hills, Bears' Hill, and the hills round St. Ann's to

the west and north of Edmonton. I offer this sketch, however, of its

distribution more as a surmise founded on the physical features of

the country, than from actual observations of its relations at these

various points.

Excepting very obscurely below the Snake Portage on the North
Saskatchewan, I cannot say that I anywhere observed the relation

of this group to the Baculite-clays of the preceding division. I

descended that river on the ice, travelling with dogs, in March 1858,
and as the late season compelled me to travel a great deal in the

night I missed many points of interest. Its relations to the strata

below it were apparently shown on Red Deer River.

At this place the group is found to form the broken country round
the base of the escarpment of the Hand Hills, which probably in

their full altitude include several of the members of the Cretaceous

System, and therefore merit a more minute description.

These hills form a high mass of table-land a few miles back from
Red Deer River, presenting an abrupt escarpment to every quarter

but the east, in which direction they slope off gently with the dip of

the strata.

Our encampment on June 25th, 1859, was in one of the deep

ravines on its western face, 375 feet above the plains below, and 100
feet below the level of the plateau above.

In the upper part of the escarpment facing the S.W., grey coarse

sandstones were exposed, which had a considerable dip to the N.E.
The bedding of these was bard and distinct, and they were seen to

rest upon soft incoherent sandstone underlain by light sandy clays and
blue-clay shale (see section, fig. 5) . In the clays are enclosed angular

masses of black iron-shot sandstone, and also pebbles of quartz and
granite. No evidence of the exact position of these strata was ob-

tained ; but, although they were somewhat disturbed, I saw no reason

to doubt that they are a superior member of the Cretaceous series

overlying the beds next to be mentioned, which are of the group

C. Fig. 5 (p. 418) gives a sketch of the strata of the hills from the

valley of Red Deer River northwards ; and it will be seen that there

is an interval of several hundred feet between the sandstones and

clays and the banded clays of group C, the nature of Avhich was
not ascertained. These banded clays, which occupy a narrow tract

of country round the Hand Hills, give rise to large white mud-
swamps, which we found at the season of our visit to be nearly dry,
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and presenting a very rough surface from the floundering of the

large herds of buffalos in the tough

plastic clay bottom as they had been

eagerly striving for the last trace of

water. These clay beds, which con-

tain a large proportion of calcareous

matter and are often " banded" by
thin seams of soft ironstone, have a

white chalky aspect, and are so easily

acted on by the weather that what
were originally gulleys soon expand
into wide flats bounded by conical

hills, with bright surfaces marked
regularly at every few inches by the

parallel streaks of ironstone, which
are often only half an inch thick.

From these swampy flats, that serve

as reservoirs for the water which de-

scends from the bills in spring, the

streams have worn deep ravines which
join the valley of Eed Deer River. At
the commencement of one of these,

or near the base of the group C, the

"banded clays" were seen to rest on
red iron-clay shales in thin beds,

underneath which is a bed of rotten

limestone of a buff colour, which again

rests on a bed of shell-conglomerate,

principally composed of fragments of

Ostrca cortex aggregated into a solid

rock with many complete specimens of

the same shell. Mr. Etheridge has

identified this shell, which is a spe-

cies described by Conrad in the Mex-
ican Boundary Commission Reports

(p. 157). Together with Ostrea mid-
til irata it was found at Dry Creek,

Mexico
;

and, in describing them,
Conrad says that he knows no species

like them in the Cretaceous System,

and that probably they belong to

strata of still earlier date. However,
at another locality, near the Hand Hills,

I again found Ostrea cortex, and along

with it 0. vellicata and Cytherea

Texana ; and these are undoubted
Cretaceous shells of Mexico. From
between El Passo and Fontera, which
seem to be places within a few miles of each other, the following
list of fossils is quoted in the Mexican Boundary Report

—

0. velli-

•jaa; 009
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cata, Cytlierm Texana, Eocogyra (2 sp.), Trigonia Emori, Area, and
Nodosaria,—thus including both fossils found in the neighbourhood
of the lignite on Red Deer River, and also some that were found along

with that of Vancouver Island.

On Battle River, in latitude 52° 17', the banded clays were also

observed with the same features and with the same fossils. From
that river to Red Deer River they appear to form the surface of the

country, as every shallow ravine shows slides of the white chalky beds,

and the white mud-swamps are very common. At the "elbow" of

Battle River, the strata have a slight easterly dip ; and in the upper

part of the bank were obtained in a concretionary sandstone Avicula,

Cardium, Gytherea, and BacuUtes compressus.

A little higher up the river, and towards the base of the bank,

Ostrea cortex was found, as on Red Deer River. For fifteen miles above

this point the valley is cut through these strata ; and then the banded
clays are seen to form the higher portion of the banks, still with

rolled fragments of Ostrea at their base in some places, and resting

on strata containing silicified wood, which form the lower part of the

bank, while in the bottom of the valley the true lignite appears.

Group B.—In my next and lowest group I have (with great

hesitation) classed the large deposits of coal or lignite, of the Prairie-

country, that are sufficiently compact to be of value as fuel, but

which have hitherto been generally classed as of Tertiary age.

However in all the sections which have been given of the Creta-

ceous System in the United States, it will be observed that the lowest

beds are always described as sandstones containing fragments of fossil

wood. Further, Dr. Hayden has pointed out that, at the base of his

Lowest Cretaceous group fresh-water beds occur, in which the shells

are more nearly allied to Tertiary forms, and that the vertebrate re-

mains, of which only a few bones have been obtained, are considered by
Dr. Leidy to belong to an equivalent of the Wealden period in Europe.

In the same horizon has also been found angiospermous leaves, such

as Quercus, Salix, &c. At the same time he remarks that the fossils

from the Judith River beds of the supposed Wealden age cannot be

distinguished in many instances from those of the great lignite-basin,

which he knows to be Tertiary beyond doubt, mentioning as instances

an Ostrea and a Trionyx that were considered common to the two
formations. It may therefore be justly concluded that this question

is one of great nicety and doubt, which will only be slowly cleared

up as those vast territories become explored. Nevertheless, we are

by these observations prepared to consider as possible at least the

existence of a coal-bearing formation at the base of the Cretaceous

System, even though developed to an extent not hitherto recognized*.

In his description of the lignite-formation on the Mackenzie River,

* Since writing the above, I have seen a paper by Dr. Hayden, published in

1857, and before the only other memoir of his that I had access to, in which he
suggests that his Lowest Cretaceous group may be only an extension of the lig-

nite-group which extends from the Arctic Ocean, but which, ike that group at

Judith, may be mixed up with Tertiary strata, also containing lignite.—Proc.

Acad. Nat. Sci. May, 1857, p. 116.
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Sir John Richardson refers to strata of a similar nature as occurring

at Edmonton on the North Saskatchewan ; and, on first arriving at

that place in January 1858, I had no difficulty in identifying the

heds there with those which he describes. I got not only the same
yew-like leaf (Taxites) that he figures as characterizing the shales, but

also the same general succession of strata, excepting only the beds of

shingle and gravel, which he describes in his sections of the Mackenzie
River. Before leaving England, Colonel Lefroy furnished me with

the following extracts from his notes on Peace River, a point midway
between the Mackenzie and Eort Edmonton, which are sufficient to

show that the strata are probably continuous throughout this area.

He observes that " at the ramparts on Peace River is a vertical cliff

of sandstone with broken stratification towards the top," and that " at

Dunvegan the river is depressed 600 feet below the general level, and

great quantities of crystals of sulphate of lime were collected in the

upper strata, while actual coal occurs in the seams about ten miles

above the fort on one of the small tributaries." The lignite-for-

mation has also been remarked on Smoking River, a tributary of

Peace River ; and I have traced it on the Athabasca and McLeod
Rivers, and on Pembina River, all to the north of Edmonton ; thus

proving the range of this formation over a slope rising from 500 to

2300 feet above the sea, and yet preserving on the whole the same
characters, and showing no evidence of recent local disturbance

beyond the gentle uplift which has effected this inclination.

I shall now describe this formation as it was observed in different

parts of the country explored, commencing with the North Saskatche-

wan. The lowest point on that river where the coal was actually

observed, was about two miles below Eort Edmonton, where a thick

bed of it was seen dipping gently out of sight below the water-level

to the N.E. I have reason to believe, however, that other beds of it

occur further down the river for a distance of 50 or 60 miles.

At Fort Edmonton the flanks of the river-valley are from 190 to

250 feet high, and at most places densely wooded. Seven to ten miles

back from this valley, on either side, a line of high ground rises from

200 to 300 feet above a willow-covered plain, and consists, as far

as I could learn, of the white marly clays of the group D ; but the

country in this neighbourhood is much obscured by superficial deposits

and by small copse-wood. The river-valley has a wide flat bottom
through which the river winds in a channel 40 to 60 feet deep, and
wherever this present channel sweeps close under the higher valley-

banks, sections are displayed, disclosing horizontal strata of arena-

ceous clays, sometimes passing into clay-sandstone with spherical con-

cretions, but at others into clay-shales. Many of these beds are highly

charged with nodules of clay-ironstone, which are filled with commi-
nuted fragments of vegetable matter. The coal occurs in the clay

strata, and varies greatly in purity. It is used in the forge at the fort,

and is found to answer very well, excepting that it " burns" the iron

more than ordinary coal. It ignites with difficulty, but keeps alight

for a very long time, and, if left to itself without a draught, smoul-

ders away into an abundant orauge-colourcd ash. It contains a quan-
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tity of water in its composition, as, although generally compact, like

fine bituminous coal, when first excavated, it soon splits up into frag-

ments which have dull earthy surfaces. There is a great difference in

the quality of this lignite or coal, according to the bed fromwhich it has

been procured, and also the distance from the outcrop to which the

seam has been worked. There are no sinkings of any sort into any
of the seams, the manner of procuring the small supply which is

required for use at the fort being for the blacksmith to go down to

the river-bank with a pick, and procure a few basketfuls where he

can most easily get access to the material.

The fort stands about 100 feet above the water-level, and below

it in the bank there are two seams of 18 inches each, but on the

opposite side of the river, at a little distance below, there are several

seams exposed, the principal of which, close to the water's edge, is

6 feet in thickness ; and there is one a little way higher where it is

4 feet, with others less pure (see fig. 6).

Fig. 6.

—

Section of the Right Bank of the SasJcatcheivan River

near Fort Edmonton.

Superficial sand and gravel-

/ , Grey sandy clay.

VvVK Lignite, 1 foot.

Shale.

Lignite, 2 feet.

Clay-sandstone.

Lignite, very pure, 3 feet.

Concretionary greensand.

Lignite, pure and compact, fi

feet thick, with an interca-

lated band of soap-clay, 6

inches thick.

In the middle of the 6-foot seam there occurs a layer, 5 to 8 inches

thick, of magnesian steatitic clay, which works up into a lather like

soap, and is used by the women at the fort for washing blankets.

A sample from the 6-foot seam has been analysed, at the same
time with the Lignite from La Roche Percee (see p. 409) : Mr.
Tookey's results are as follows :

—

Carbon 50-60

Hydrogen 3-24

Nitrogen \ 0-90

Oxygen 14-41

Sulphur 0-42

Ash 15-93

Water (hygroscopic) 14-50

100.00

" The colour of the ash in each case was buff. When heated in a close
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vessel, neither of the lignites yielded a coherent coke, the residue
retaining as nearly as possible the shape and bulk of the original
particles. The gas which was expelled during the process possessed
but feeble illuminating powers. Both samples contain a large per-
centage of water that can be expelled with a temperature of 100° C.
This appears to be a characteristic feature in the composition of
lignites."

The gravel- and shingle-deposits are seen to rest on the cut edges

of the coal-bearing beds, and are therefore of more recent date.

They contain fragments of the nodules derived from the underlying

strata, along with pebbles of quartz and other rocks, that must have
been derived from elsewhere. Also large fragments of silicified wood
are found in the subsoil at Edmonton, the same as that found in

the upper part of the lignite-group on Eed Deer River, as will be

described.

At the bend of the river below the fort, and on the same side,

the bank looks as if broken tiles had been strewn over it. This

arises from the coal having at one time been completely burnt out,

only being represented now by a thin layer of ash, while from the

baked clays above and below the red tile-like material has been
derived. Amongst these fragments I obtained impressions of the

same Yew-like leaf that Sir John Richardson found in the beds at the

Mackenzie River under similar circumstances, but along with dico-

tyledonous leaves, of which I however found no trace.

For ninety miles up to the North Saskatchewan, above Fort Edmon-
ton, the grey arenaceous clays prevail, forming the banks of the river,

which are high and precipitous, the valley for that distance making a

succession of abrupt bends after eveiy few miles of a straight course,

its main direction being to the north.

The secondary banks are also gradually lost, until at length, from

the valley narrowing, the river occupies its full width. Above this

point, however, the valley suddenly widens and preserves on the

whole a straight course from the west, independent of the windings of

the river itself, which has a very tortuous course between secondary

banks, crossing from side to side of the great valley round heavily

timbered flats. Where the river sweeps under the high banks, sections

about 200 feet high are exposed of white variegated marls, which are

cut in the most regular manner by gulleys into pyramids, with a most
artificial appearance as seen from the river, their bright chalky sur-

faces being thrown into strong relief by the dark-green pines that

clothe the ravines. These marls have much the look of those of

group C.

Fifteen miles below the mouth of Brazeaus River, which is a large

tributary to the North Saskatchewan from the west, we again meet
Avith the lignite-bearing arenaceous strata, and from this point they

were traced uninterruptedly to the base ofthe mountains. The forma-

tion now presents very different characters from those at Edmonton,
having more the appearance of a shore-deposit. The mineral compo-
sition is very varied, and large deposits of sandstone occur, which is

fine- or coarse-grained, but never makes any approach to a conglome-
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rate. At the Rocky Mountain House, in latitude 52° 21' N., longi-

tude 115° 10' W., where I had the best opportunity of examining this

formation, I divided it into three groups, judging from the mineral

composition alone ; as they were found to pass from one to the other

without superposition, just as we might expect to find in a shallow

lagoon-deposit.

1st. Coarse-grained sandstone, composed of angular grains of

quartz cemented by calcareous matter, present in small quantity.

This sandstone forms bold perpendicular cliffs, often 150 feet in height,

and hemming in the river on both sides. It resembles the descrip-

tions given of the sandstone of the " ramparts" on the Mackenzie and

Peace Rivers ; and indeed on all the rivers this formation may be

traced by this marked feature as far south as the Missouri at least, as

a drawing of the falls on that river (given in Pac. Rail. Rep.) exactly

resembles these sandstone cliffs.

The 2nd group consists of beds of green argillaceous sandstone,

which, as it weathers easily, always gives rise to sloping banks,

from which protrude concretionary masses. These beds are gene-

rally horizontal, but sometimes present a rapid dip towards the

edges of basins in the last group in which they seem to have been

deposited. They are, however, often overlain by the hard-bedded

sandstone.

The 3rd group more resembles in its mineral characters than the

other two the beds at Edmonton, consisting of alternations of clay-

shale and argillaceous sandstone in irregular beds, and including

deposits of coal or lignite. The shales, which are often very hard and

compact, contain fragments of the Yew-like frond, and also stems of

plants like sedges.

Fig. 7 (p. 424) is an attempt to combine the different sections that

were observed at the Mountain Fort. The irregularity in the mineral

composition is well shown about five miles above that place, where in a

very short distance beds of clay and soft green sandstone are suddenly

replaced by cliffs of grey and yellow sandstone with heavy bedding*.

* The features of the strata at the Mountain House are very similar to the

description given of the Lower Cretaceous groups at Seargent's Bluff on the Mis-
souri by Meek and Hayden, where the following section is described :

—

" 1. Dark-coloured clay with sandstone seams 6 feet.

2. Light-yellow clay passing into grey sandstone .... 5 „
3. Dark clay with fragments of carbonized wood . . . . 1£ ,,

4. Grey indurated clay or marl with wood 4 ,,

5. Dark seam like No. 3 8 inches.

6. Clay like No. 4 3 feet.

7. Grey sandstone (carbonized wood) 2 „
8. Very dark-grey clay, sometimes black, with organic matter

in the lower part, and crystals of selenite 10 ,,

9. Grey clay, carbonized wood and hard concretions ... 30 „
10. Grey sandstone with wood 2 „
11. Grey clay, with wedge-shaped masses of hard bituminous

lignite or coal and round lumps of sulphuret of iron,

to the river-level"

It is mentioned that the beds thin out in many directions, and that some in-

crease to a great thickness in a few hundred yards.

(Mexican Boundary Eep. vol. i. p. 136.)
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- '(.

As developed at the Mountain House, this formation, whatever

its exact age, may be described as con-

sisting of sand and clay in varying pro- m|jwfy.

portions—great ridges of pure sand-

stone, including basins in which havo § rfi'llit

'

j 1 1 jj

been deposited clays and clay-sand- r<

stones charged with coal and ironstone Q
in large quantities. s.

On the Athabasca River, the valley "|

from Fort Assineboine in latitude

54° 50' up to the outer range of the •§

mountains at Deadman's Rapid, cuts ^
through argillaceous sandstones, with ;§

beds of clay and coal of the same land

as those at the Mountain House. The
sandstones are in much greater propor-

tion however, and the lignite-beds are

more rarely seen, than in the sections

along the North Saskatchewan. At
Deadman's Rapid these strata are suc-

ceeded by grits and clay-shales in

regular beds, undisturbed at first, but,

on approaching the mountains, found

to be implicated in the late upheavals.

On Red Deer River the lignite-

formation was observed at various

points, tho lowest being at the Hand
Hills, which have already been alluded

to in speaking of the " banded clays."

By again referring to fig. 5 (p. 418), it

will bo seen that a Hat plain extends ^ g
back from the summit of the river-

valley towards the base of the hills

where the white mud-swamps are situ-

ated, but which is cut up by great

ravines, which gradually deepen as

they approach the river. The river-

valley itself is half a mile wide, and
270 feet deep.

At the commencement of one of the

ravines, about three miles back from

the river, wero found the fossils before

mentioned (Ostrea cortex); and in ^ i^'lKf
another, at only a quarter of a mile ^ j , \ \ .

back from the river-valle}', that fossil S *lll[|!ijii'i^Hlil!l

was again found in the highest part of
~"
s

the bank, along with Cytherea Texana, -»*»J09i

showing that these beds must form the surface of the level flat. At
the mouth of the same ravine (Shell Creek), the following sections

were observed in the bank of the valley of Red Deer River, the beds
being to all appearance horizontal :

—

6Q
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a. Buff, unstratified, earthy clay.—12 feet.

b. Ash-grey and cream-coloured sandy clays in hands with thin

seams of clay-ironstone and carbonaceous layers ("Band-
ed clays").

Throughout this bed are angular pebbles of ironstone which
look like fragments of septaria.—30 feet.

c. Seam of pure lignite (" cuboidal lignite ")—3 feet.

d. "Banded clays " very sandy in some places. In other places

the coal has been burnt out and the heat has converted the

upper beds of this group into material like broken tiles,

which lie scattered over the banks. Probably the ochre-

beds observed in some parts of the banks are the layers of

ash which represent the lignite-bed when consumed.

/. Brown coal. This bed is about 18 inches thick, and in thin

leaves, with a paper-like texture ; on it rests

—

e. 1 foot of siheified wood, composed of stems and trunks, and
roots of large trees. In the bed these are of a deep

brown-black colour, but the fragments which lie scat-

tered about weather to a light-cream colour on the sur-

face. One silicified root measured 18 inches in diameter.

g. Sandy clays partially banded, varying from grey to light-cream

colour. Crystals of selenite are very common, but no large

masses were observed. This group has a very chalky

look from a distance. It is probably 100 feet thick, but

the base of the section was not observed.

Although these beds are very variable, passing horizontally into

different varieties of shales, banded clays, and sandstones, still there

seemed to be a definite inclination to the N.E., so that in ascending

the river deeper beds were exposed.

A few miles above Shell Creek the lower part of the banks are to

a great extent composed of a bed highly charged with ironstone

nodules, which have very irregular shapes, unlike the nodules in the

other parts of the strata. The profusion of these strewn on the

slopes of the valley reminded me of the heaps of roasted ironstone

scattered in the neighbourhood of iron-furnaces. A little way
further on, where a creek joins the valley, thick beds of coal

appear at the base of the section. The lowest bed is 4 to 5 feet

thick, and very compact and pure. It is included in the same gritty

sandy clay that everywhere forms the matrix of the coal.

The iron-shales immediately overlie these beds, and these are again

overlain by the "banded clays" that form the base of the section

lower down. By following up Coal Creek for a few hundred yards

to where the banks attained a height of 250 feet above the burnt
lignite-seam, I found in a hard sandy limestone-bed the following

fossils :

—

Ostrea anomiseformis. Crassatella.

Mytilus (2 species). Venus.
Cardium multistriatum. Rostellaria.

Paludina.

No break was observed in the beds, and the succession of the strata
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from the lignite upwards was such as might he expected in a gradual

passage from freshwater to marine deposits. I did not, however,
remark the layer of silicified wood or brown coal that I expected to

occur above the " banded clays" that overlie the lignite.

On Battle River similar beds were observed in lat. 52° 28' N.
long. Ill 29' "W., having the same order. The high part of the

section was composed of the "banded clays" along with concretionary

masses of sandy limestone, containing Ostrea, Avicida, and other

shells. Over the "banded clays" is the layer of silicified wood,

while at the base of the section and under the water of the river

the beds of lignite crop out.

For sixty miles above the Hand Hills I had no opportunity of ex-

amining the banks of Red Deer River, but at the mouth of Bull

Creek the strata were found to present much the same appearance

as at that place ; the higher banks consisting of the " banded
clays," while along the river are exposed the beds of lignite overlain

by the silicified wood. Beneath the lignite, and what must be the

lowest bed of the section at this place, occurs a hard grey sandstone

with large concretions, that contain a slight admixture of lime, and
in these I obtained several leaves of deciduous dicotyledonous trees.

The exact spot where these were obtained is just below the mouth of

Deadinan's Creek. A little above this place the coal forms beds

of great thickness, one group of seams measuring 20 feet in thickness,

of which 12 feet consist of pure compact coal, and the remainder

of carbonaceous clays. At one point the seam was on fire, the bed

exposed in a cliff of about 300 yards in length being at many places

in a didl glow, the constant sliding of the bank continuing to supply

a fresh surface to the atmosphere. For miles around the air is loaded

by a heavy sulphurous and limey smell, and the Indians say that for

as long as they can remember the fire at this place has never been

extinguished summer or winter. For ten miles above this place the

coal-beds were traced as we ascended Red Deer River. They are

then succeeded by cliffs of sandstone apparently formed by beds over-

lying the coal-group, but the dip is very slight. The Nick Hills

where this sandstone forms a high ridge run to the north-west,

and above this point the banks of the river are composed of finely

laminated marly clays, often containing concretionary masses of lime-

stone filled with freshwater shells, such as Paktflina, Planorbis, &c.

Fig. 8.

—

Section on the Saskatchewan River, 20 miles above

Rocky Mountain House.

a. Buff calciferous sandstone resting on the lignite-group (&) unconformably.

These marly clays overlie the sandstone of the Nick Hills, and
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seem to occupy a great basin, through which the river flows from
above the forks of Medicine Biver. Traces of a similar deposit of much
more recent date than the lignite-group on which it rests, were no-
ticed on the Athabasca River and also on the North Saskatchewan,

as shown in fig. 8.

Above that point there appear chocolate-coloured shales with beds

of sandstone ; and on Little Red Deer River a section (fig. 9) was ob-

served, in which the sandstone beds become disturbed and harder,

presenting beautiful flexures and exposing at the base the same shales.
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Relations of the Cretaceous Series on the West.—On "Weepaioos

Creek, a tributary to Deadman's Biver, and within fifteen miles

of the Old Bow Fort, thin disturbed beds are very distinctly ex-

posed, as in fig. 10, and must include an enormous thickness of strata.

Although in the absence of fossils I cannot speak positively, yet I

believe that these sections include Carboniferous strata, which are

represented by the lower grits and shales, which contain coal in thin

streaks with plant-impressions. Prom some of the higher beds at

the Bow Fort, a small Cardium was procured. Also on the North
Saskatchewan, over the grits and shales of probably Carboniferous

age, there came beds of pink quartzose grit with dark shales, on

which rested a great thickness of black aluminous shale containing a

small Ostrea in great abundance. Also on the west shore of Lac h

Bruler, where the Athabasca Biver leaves the mountains, the same
strata were observed resting high up on the flanks of a mountain of

Carboniferous Limestone.

At many other points in the mountains throughout the eastern

ranges, patches of shales occur, highly ferruginous and along with

grits and heavy-bedded sandstones of various tints, and having appa-

rently a superior position to the rocks of Carboniferous age, of which
the greater mass of tbat portion of the mountains is composed. In

the sections of the various mountain-ranges, the beds which I con-

sider to belong to this group I have lettered a, and, as they are of

great thickness, it is probable that they represent some of the strata

that are found undisturbed in the prairies. In the exterior range

of mountains on the North Saskatchewan, masses of thick-bedded

encrinital limestone rise to the height of 1500 feet with a heavy dip

to the west; while the pink grits and aluminous shales dip away
from them in every direction, just as if they had been masses of

intrusive rock thrust up from below,—thus showing the want of con-

formity between these limestones and the strata that I consider to

intervene between them and the Cretaceous.

Cretaceous Strata of Vancouver Island and the Gulf of Georgia.—
The map No. Y*. is from the Admiralty-chart of the straits be-

tween the south end of Yancouver Island and the mainland, but

extended northwards so as to include the portion of the coal-mines.

On it I have sketched-in the probable range of the different forma-

tions, but in a veiy imperfect manner, as my own observations were

only the result of a trip made in a canoe with four Indians for seventy

miles up the coast to Nanaimo. At Nanaimo coal has been worked

by the Hudson Bay Company since 1854, and the total export up to

January 2nd, 1860, has been about 12,000 tons. Through the kind-

ness of Mr. Niehol, the gentleman in charge of the works, and of

Mr. Pearce, of the Land-office, I am able to show a map of the neigh-

bourhood, in which I have inserted my own observations of the

Geology (Plate XIII.). At the time of my visit there were three

* It was not thought necessary to publish this map.
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pits in operation, giving employment to thirty miners and a number of

labourers. The former are principally Scotch and Staffordshire men
that have been brought out to the country at the Hudson Bay Com-
pany's expense, but the greater number of the labourers are Indians,

small tribes of whom come and settle at the mines and work
for a short time until they tire of the uncongenial life, when they
leave to make room for another band. The irregular supply of labour

from this cause adds greatly to the uncertainty and expense of the

workings. When working in the best seams at Nanaimo, a miner
can put out 2| tons per day. The shipment from Nanaimo in the

month of January 1860 was 2000 tons, the trade having at that time

been suddenly extended by the demand consequent upon the esta-

blishment of gas-works at Portland, Oregon, and several other places.

This demand was supplied from a large stock that was lying on hand
at the time, but which, from having been exposed to the action of the

weather for many years, was of very inferior quality. In spite of

this, however, I understand that the market has continued steady

throughout last year, and that the coal has been much used in Cali-

fornia for making gas instead of that brought from the Eastern States

as heretofore. Coal from the same description of strata has been
also worked to some extent on the opposite side of the Gulf of Georgia

at Bellingham Bay, and also at Coose Bay in Washington Territory.

Although it has been found in many other localities along the coast,

as I shall mention after describing the formation, these are the only

places where it has been worked to any extent. The whole forma-

tion associated with the lignite- or coal-beds is very extensively de-

veloped along the Pacific coast, and has generally been considered

to be of Tertiary age, excepting from the first accounts sent home,
which, as there were no fossils, induced geologists to consider them
as Carboniferous. Some fossils transmitted to the Jermyn Street

Museum many years ago were first rightly recognized by the late

Professor E. Forbes as being Cretaceous ; but the localities were un-
described, and, in the absence of sections, it was impossible to deduce

anything from them regarding the age of the coal-beds.

The observations which I have now to offer respecting these strata

will, I believe, put their age beyond doubt as Cretaceous ; but rightly

to understand the value to be attached to them requires me to give

first a sketch of the physical features of the district.

The southern part of Vancouver Island, where the town of Vic-

toria is built, is composed of metamorphic rocks, with occasional beds

of crystalline limestone. This district and also the central portion

of the island, as may be expected from the formation, is everywhere

hilly and even mountainous, with only limited patches of fertile soil

in the valleys. However, the scanty soil on the rocky hills supports

a fine growth of timber, so that they are almost invariably wooded to

their summits. In the immediate neighbourhood of Victoria there is

nevertheless a good deal of fine open land dotted with small oak-trees.

On passing to the north through the Canal de Haro, the islands of

the archipelago between Vancouver Island and the mainland are seen

to be composed of strata of sandstone and conglomerate, which form
2 G



430 PROCEEDINGS OP THE GEOLOGICAL SOCIETY. [Apr. 10,

lofty cliffs overhanging intricate but beautiful inlets. The junction

between these two formations was not observed, but I think it is south

of San Juan Island, thence crossing to Yancouver Island by Sannich
Point, and northwards a little way back from the coast, leaving a

narrow strip of fine land*.

These sandstone and conglomerate strata have a uniform strike

from N.N.W. to S.S.E., and, in passing along the shore of Saturna

Island, they were observed to form several well-marked synclinal

troughs, and on passing through the Plumper Pass to dip gently to the

N.E. under the waters of the Gulf of Georgia. The nature of the

beds was not ascertained beyond the general fact that they are thick-

bedded sandstones and conglomerates, and sometimes strata of clay-

shale. The sandstones are much acted on by the weather, and at

the Avater-line the sea has generally worn in them caves and hollows.

The conglomerates form the highest beds of the series, and are of

immense thickness.

After passing the Plumper Pass, in proceeding north through Trin-

comalee Channel, Galiano Island to the west presents cliffs, about

800 feet high, of the sandstone and conglomerate, with a gentle dip

to the east ; and sometimes spits or low promontories of the strata

run parallel with the coast, enclosing narrow bays. The west side of

the channel on Salt Spring Island is a low shelving coast heavily tim-

bered to the water's edge, and exposing outcrops of grey and blue clay-

shales, which dip to the east. The portion of this island which is

occupied by these shales is the finest land for settlement I have seen

on the coast ; but the southern part is mountainous, rising to the

height of 2300 feet. It is on the north part of Salt Spring Island

that the saline springs are situated from which it gets its name.
They seem to escape from the shales, and occur in spots clear from

timber and covered with green moist vegetation abounding in sali-

ferous plants. Pound the orifices from which the brine escapes, there

have formed conical mounds of granular calcareous sinter stained with

* I am informed by Lieut. Roche, R N., that, when stationed on that coast, he
discovered a copper-lode, and detected it on Moresby Island and various points

in a line running S.E. by E., as indicated on the map. I have not myself seen

the samples he brought away, but copper in the metallic state is known to exist

in quantities further north, and I have a specimen of the sulphide of copper
which was said to have been found by the Indians on the mainland. There is no
doubt that a carefid examination of Yancouver Island and the adjoining main-
land for metallic veins would yield valuable results. Since my return to England
I have heard that the same silver-ore that is found at Washoe, and that raised[such

a furor in San Francisco a year ago, has also been found on the mountains of

Fraser River. The Cascade range of mountains may be looked on as the con-

tinuation of the Sierra Nevada of California, and the marked change in the

nature of the coast-line north of Yancouver Island shows where the chain

begins to dip down to the sea-level ; so that what were formerly mountain-valleys

are converted into inlets and straits. This is a most important physical feature,

and the great facilities for access to the mineral wealth of the country which it

affords will exert a powerful influence on the destinies of British Columbia,
although at present, in the absence of roads, its iron-bound coast and want of

rich flat country are erroneously considered as a bar to its development. Sooner
or later it will be seen how wonderfully this new colony is adapted by nature for

mining, fisheries, and commerce.
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iron ; but in summer there is said to be an abundant deposit of pure

white salt.

North of Salt Spring- Island the strata preserve the same strike

and general appearance all the way to Nanaimo, the island forming-

long spits of sandstone and conglomerate with precipitous shores to

the west. Just below the "rapids" the shales were again noticed,

resting on the sandstone, and both dipping to the west. At very low
tide a thick seam of lignite is exposed at this point and on the island

opposite, and to the east I found a thin seam in the sandstones. At
Nanaimo the sandstone country occupies a broader belt along the

shore of Vancouver Island than further to the south, but immediately

to the north the strike changes to nearly east and west on Newcastle

Island ; and on Fossil Point the lowest beds were seen to rest on igne-

ous rocks, which continued to occupy the coast for the few miles I

went further to the north. At the head of the Gulf of Georgia, the

sandstones again form the islands that crowd the narrow channel

that separates Vancouver Island from the mainland, and also a

great extent of both shores. From Comux and Valdez Inlet, which
are situated in this locality, some of the fossils which I have were
procured by Mr. McKay, of the Hudson Bay Company. Also at the

extreme north end of the island, at Fort Rupert, Mr. Lord, of the

Boundary-commission, observed the sandstones and thick beds of

lignite dipping out to sea.

At many points along tbe eastern shore of the Gulf of Georgia,

these strata have been detected with the associated lignite-beds.

North of Howe's Sound the mountains closely hug the sea-coast, but

south of that they retire along the north shore of Burrard's Inlet to

the south-east, so as to be sixty miles inland where the boundary-line

meets them ; thus leaving a very heavily timbered track, which forms

the only level country in British Columbia west of the Cascade Range.

Most of this district is covered by shingle-terraces and other super-

ficial deposits which obscure the underlying strata, but from Burrard's

Inlet, eight miles north of the entrance to Fraser River, coal and
sandstones containing fossil leaves have been sent home by H. M. S.

" Plumper." Also on Fraser River near Fort Langley, and on its

tributary Pitt River, the coal has been observed, and then again at

Bellingham Bay, south of the boundary-line ; so that it is probable

that these strata underlie the greater part of this region.

Details of the Strata at Nanaimo.—In the section, fig. 3,

Plate XIII., I have represented the whole beds observed at

Nanaimo in their probable order, but I did not see any one section

giving the complete sequence expressed in it. Starting from Fossil

Point, north of Departure Bay, we have the high promontory Ibrmed
of trap, resting on which are beds of greenstone-conglomerate, con-

sisting of spherical masses of greenstone, cemented by a felspathic

matrix. Over this is a tufaceous bed (with imperfectly formed
crystals), 5 to 6 feet in thickness, partly fused and often pierced by the

trap from below. Then follows a very tough green sandstone quite

filled with shells, for many of the specimens of which I am indebted

to Mr. McKay.
2 g 2
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The following is the list as determined by Mr. Etheridge :

—

In speaking of the beds on Red Deer River, I referred to the fossils

found at this place as showing the existence of forms which are in

Mexico associated with those of the Saskatchewan, and in every case

found in the proximity of the lignite-beds. Thus in particular we
have Cytherea Tescana, common to the Saskatchewan and Mexico,

and Trigonia Bhnori, common to Mexico and the Pacific coast. This,

owing to the very imperfect state of our knowledge and the limited

extent of the collections, is probably to be considered as merely an
indication of the agreement that may yet be established. The green

sandstone beds at the base of the series which contain the lignite

seem to have been deposited originally on the surface of the igneous

rock, which was probably submarine, so that its surface, chilled by
the water, easily broke up into the masses that compose the con-

glomerate-like breccia, the cement of which has been derived from the

tufas that were deposited on its surface. On the shoal thus formed

the greensand beds had been deposited, enclosing the molluscous

remains. The whole has since been repeatedly disturbed, and some
of the lower beds have undergone partial fusion by more recent out-

bursts.

The sandstone is sometimes quite horizontal, but at others quite

vertical for a little way, and is only found as patches all round the

promontory and north side of Departure Bay.

Three hundred yards from the shore in the channel that passes

between Newcastle Island and the Fossil Point, is a row of islands

composed of very fine conglomerate that might be termed " gravel-

stone," in beds that dip S.S.E. at 15°. These beds contain small

fragments of carbonized wood.

A quarter of a mile further on, in the direction of the dip on the

north end of Newcastle Island, there are high cliffs of sandstone,

which preserve the same direction. They seem to be rather more
disturbed than the strata that form the islands in the channel, but

this appearance is exaggerated by the great amount of false bedding.

The strata of sandstone continue to preserve the same direction of dip

all along the coast of Newcastle Island, but gradually becoming

more horizontal towards the southern extremity. On the west side

of the Island at Exit Channel occur the seams of coal, the lowest of

which has been worked to a considerable extent, while the existence

of the other has only been found by boring. The outcrop of these

two seams has been ascertained on the east shore of the island, where

* It is probably from this place that the fossils were procured to which Meek
and Hayden refer in a notice of the coal of the Pacific coast, contained in the

Pacific Bail. Rep. vol. vi., whore they say that among the fossils from Vancouver
Island a number occur in a green sandstone matrix, which have a strong Jurassic

aspect

Trigonia Emori.
Trigonia (sp.).

Exogyra (2 species).

Ostrea (2 species, one of which is

Cytherea Leonensis. (This is the

most common shell.)

of great size).

Piostellaria,

Psammobia (?) sp.Area (3 species).

Pecten *.
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they have the same characters and relative position, thus showing

that they are continuous to that extent. The lowest bed of coal is

called the " Newcastle seam," and is worked by levels driven into

the outcrop as it rises with the high bank from the shore. The
coal or lignite is 6 feet thick, with a floor of sandstone, and a roof

of a very tough conglomerate of very small pebbles. The strata have

a dip of 20°, so that the method employed succeeds well for taking out

small quantities.

This mine was not being worked when I visited it, but there were

large heaps of the coal, waiting for a market, that had been lying

there for some years, so that I could judge the effect of the

weather on it with great facility. The surface was turned to a

rusty brown, and the masses showed a tendency to break up with a

slaty fracture—otherwise the exposure had worked but little change.

Along the shore of the island to the south, the strata of argil-

laceous sandstone are seen to dip steadily in the same direction

with less and less inclination, until at the southern extremity they

are almost horizontal. On Douglas Island there is said to be

another seam of coal, from the shales associated with which the fossil

leaves are generally procured. I had not an opportunity of visit-

ing it, however. On the coast at Nanaituo Harbour the strike of

the strata is quite different, but yet they preserve the same character

and sequence, Exit Channel seeming to mark a great fault. The
little peninsula on which the Hudson Bay Company's establishment

stands, and where the coal was first discovered, is also another

dislocated portion of the strata, as may be seen by reference to the

map.
At Nanaimo, as on Newcastle Island, there are two seams, the

" Newcastle " and the " Douglas,"—the first of which is everywhere
about 6 feet in thickness, with sometimes a floor of fire-clay, but

more generally of sandstone, and the roof consisting of the fine con-

glomerate bed, about 60 feet thick, on which rests the Douglas
seam with an average thickness of from 3| to 4 feet. The roof of

this seam is sometimes of iron-clay-shale, but more often of the

same tough conglomerate that it rests upon. On Chase River, 1|
mile to the south, the outcrop of a seam has been discovered and
worked to a small extent, which they consider to be the " Newcastle
seam ;" and as it occurs right in the line of strike, and as they have
ascertained the outcrop at several points, it is probable that the

beds of coal are continuous.

In the mines they have met several " stone- faults " or " swells,"

where the floor rises up and throws the coal-seam out for several

fathoms. It is generally represented, however, by a carbonaceous

parting. These faults are a source of great expense in the working, as

the conglomerate to be pierced is exceedingly tough and compact, so

that the blast only brings it away in small pieces.

In proceeding along the coast towards the mouth of Nanaimo River,

the strata consist of argillaceous sandstones with a similar character

to those of the southern part of Newcastle Island, and preserving a

steady though gentle dip to the E. by S. A short way above the en-
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trance to the river, in the sandstones, there is a thin seam of coal, the

position of which was pointed out to me by Mr. Mchol, as the river

was too high to allow us to see it. Continuing to ascend the river,

which is of small size, we found low exposures of the sandstone still

with the dip to the E. ; and at Fossil Bank, three or four miles from

the mouth, they are overlain conformably by dark-purple clays filled

with septaria, which yield Cretaceous fossils. The dip of the beds

is 10° to the E. by IN"., and the clay strata were clearly seen to rest

on the hard-bedded sandstones.

I found Inoceramus, BacuUtes, and some other fossils, of which
other specimens are also among those obtained by Mr. Bauerman
at this place. I was told at Nanaimo that Ammonites have frequently

been found there of large size, and from Mr. McKay I got a

number of fossils, some of which he obtained at this locality ; but

others having the same appearance, and also contained in septaria,

he procured from Comux and Valdez Inlet at the head of the Gulf

of Georgia ; but these two sets of specimens had been unfortunately

mixed together. Eor a couple of miles the Nanaimo River flows

through these clay strata, and then turns again from the S.W., and
in ascending the sandstone strata were again found to recur as in

the lower part of the river, but with a more rapid clip. At the

"Canon" these sandstones form precipices about 100 feet in height,

bounding a narrow gorge 600 yards long, through which the river

flows. The beds dip at 15° to the E.N.E., and are very like those

of Newcastle Island.

From under these sandstones, in ascending the river, hard beds

of the gravel-conglomerate cropped out with great regularity, sepa-

rated by soft beds of red and greenish clay. These probably corre-

spond to the group with the coal at Nanaimo, but I failed in finding

any proof of it beyond fragments of carbonized wood. The strata

from Fossil Bank up to the river, as far as I went, are shown in

section No. 3, PI. XIII.

The total thickness of the beds from the coal to the clays at

Fossil Bank I estimated at 600 to 700 feet, but I had no opportunity

of making any exact measurement. Between Nanaimo River and the

coast, there is a tract of very fine country, and it is probably occu-

pied by the Septaria-clays, which, as I mentioned before, were seen a

little south of the rapid.

The following is the list of fossils from the Septaria-clays, which

includes those specimens obtained by McKay from Valdez Inlet :

—

Fnoceramus (?) (this is the /. Crepsii of Conrad andRoemer), /. Tex-

an as, I. Ntbracensis, I. unduloplicatus, I. confertim-anmdatus, I.

mytiloides, BacuUtes eonqiressus and two other species, Ammonites

geniculates and three other species.

It is thus evident that the group of strata with the lignite-seams

towards their base must be of Cretaceous age ; but as yet it would be

premature to infer the exact position which they hold with reference

to the rest of that system. The great beds of conglomerate which

form the long narrow islands along the west of the Gulf of Georgia

must, I think, overlie all these strata.
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From the sandy shales associated with the lignite, I forward frag-

ments of Yew-like fronds, just the same as those I got in the shales.

At the Rocky Mountain House, and in the collection sent home by
H.M.S. "Plumper," all the specimens from Nanaimo are of this plant.

Those from Eurrard's Inlet are in a different stone, are reticulate

leaves, and were also found along with beds of coal ; but there seem
to be no specimens of the Yew frond from that locality*.

From Nanaimo Mr. Bauerinan has also sent home a plant that

looks much like a portion of a monocotyledonous leaf.

At Bellinghani Bay, sections taken by Mr. Pemberton show that

the lignite occurs in a large quantity at that place. Lieut. Trow-
bridge in describing the strata there says, they are 2000 feet thick,

and include, in all, 110 feet of the lignite-coal. His sections are pro-

bably, however, all of the same group of strata, taken at different

points in the strike, which gives rise to this apparently enormous
thickness.

The analysis of the coal from Bellingham Bay, which is generally

considered inferior to that of JSTanaimo, is given in the Pac. Rail.

Report, vol. vi. p. 65, as follows :

—

Carbon 47-63

Bitumen 50-22

Ash 2-15

100-00

This coal has been sold in San Francisco market at from $18 to

822 per ton (75s. to 91s. 6c?. sterling).

Lignite-coal has also been worked for the same market from Coose
Bay, and has the following composition :

—

Carbon 46-54
Gaseous matter 50-27
Ash 3-19

100-00

Conrad states that shells from this locality are of Miocene age.
At Benicia, above San Francisco, coal also occurs, and was

wrought for some time, but the clip was too steep.

In Newbury's Report on the geology of this part of California, I
have not seen any notice of where this Benicia lignite occurs in his.
sections ; but between Benicia and the sea he describes 3000 feet of
strata, the lowest beds being of sandstone and shales resting on, and
penetrated by, serpentine and trap (the same which are so highly
charged with ores of copper and mercury further to the south).
These are followed by green and brown shales, coarse soft sandstone,
fine sandstone and shales, with Pecten, Natica, Mactra, and Tellina,
and these by conglomerates and tufas, the whole lying at an angle of
30°. Towards Benicia are thin-bedded clays with Sharks' teeth. Up
Feather River, a tributary of the Sacramento River, at Chico Creek,

* Dr. Hooter has specimens from Disco Island, in the arctic regions, where a
Yew frond and angiospermous leaves are associated in the same hand-specimen.
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a caleiferous sandstone is described, containing Nueida, Mactra, and
other Tertiary forms ; but from the same place are Baculites, Inoce-

rami, and Ammonites, which Meek considers as proving the existence

of Upper Cretaceous strata at that place. So that it is probable that

there are strata of both ages, but included in the same disturbances ;

and it is not unlikely that the section from Benicia to the sea may
also include Cretaceous strata*.

The existence of coal or lignite on the Pacific coast, of quality fit

for the purposes of raising steam, is of great commercial importance,

and that obtained from Nauainio is as yet admitted to be the best

in the market. If these beds are therefore discovered to be per-

sistent, so that they can be worked to advantage on a large scale,

there is little doubt that this coal, even though it be an imperfect

substitute forthe finer coal to which we are accustomedm this country,

will form a valuable source of wealth to the new British colony.

Already it is extensively used by the British navy on that station,

and it was found to require only a slight modification in the method
of feeding the fires to make it highly effective as a steam-generator.

As beds of coal of similar quality exist in the Islands of Japan and
Formosa, we should thus have the supply of fuel at the extremities of

the line of the great sea-voyage, if the route from England by the

Canadas, Saskatchewan, and British Columbia to China and the

East were adopted—a natural fitness not to be overlooked in con-

sidering such a scheme.

PALEOZOIC ROCKS OF THE EASTERN AXIS.

The general structural features of the country travelled over on

the canoe-route, so far as they can be learned from a single line of

traverse, have already been well described by Mr. Keating, Sir John
Richardson, Dr. Bigsby, and others

;
but, from the complicated rela-

tions of the rocks of which it is composed, no detailed observations can

be of any value until they are extended in every direction by means
of a combined topographical and geological survey.

The whole of this district is occupied by a primitive axis—the
<l intermediate primitive belt " of Sir J. Richardson—which is com-
posed of gneiss, mica-schist, crystalline limestones, and other meta-
morphic rocks, with intrusions of granite, probably of very different

ages, the whole formation being the Laurentian series of Logan, cor-

responding, it is thought, to the fundamental gneiss recently described

by Sir R. Murchison as underlying the most ancient strata in Scot-

land.

From observations made in the course of our journey, it appears

that there are two distinct directions of strata in the rock which

compose this axis, marking it into two districts, one from Lake Supe-

rior to Rainy Lake, the other from Lake of the Woods to Lake Win-
nipeg. Xot only the general strike of the altered and upheaved rocks

* On the Colerado River the Texas lignite or coal, in beds 4 feet thick, has been

observed in strata under those with Eocene fossils, and on a tributary of the Del
Norte, beds, 3 to 4 feet thick, occur of good working quality, in true Cretaceous

strata. (Pac. Bail. Rep. vol. vi.)
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in these two districts, but also the direction in which the water-

courses affect the principal descents, and the manner in which the

lakes in each of them are arranged, all indicate a different direction

of the elevating and disturbing force ; in other words, two different

axes of dislocation.

These seem to converge towards the south, including an angle of

about 25° ; the eastern one being directed from the north-east to

south-west, while the western one lies much more nearly north and

south. In each of these there is a great central district where
nothing but rounded bosses of granite are seen occurring as ridges

and islands, which rise little above the level of the flooded country

in which they occur. On either side of these two granitic districts

metamorphic rocks are ranged with great irregularity as regards

their order and dip, but still, on the whole, preserving their direction

very consistently with the bearing of the axes to which they respect-

ively belong. There are besides many minor outbursts of granite

occurring as dykes and intrusions, but they do not seem to interfere

with the above-mentioned general bearings of the country.

From this cause, in crossing the district between Lake Superior

and Rainy Lake, the summit-level is reached by an abrupt and rapid

ascent in a direction at nearly right angles to the main eastern axis.

Then follows a long traverse, almost along the summit of that axis,

and then an abrupt but comparatively short descent to Rainy Lake,

again at right angles to the axis.

The first great step in the ascent from the east is made at the

Kakabica Falls, where, from a succession of faults which mark the

commencement of the more highly metamorphosed rocks, a sudden
elevation is effected, the summit-level of which is 179 feet above

Lake Superior at Fort William.

About one mile below the fall a fine section is exposed in the

form of a cliff 130 feet high, crossing the country from north-east to

south-west, consisting of a dark argillaceous schist in thin fissile beds,

from 1 to 2 inches in thickness, very much jointed, and having

many small veins of quartz, and sometimes calc-spar, included both
in the lines of bedding and in the joints. These beds are quite

horizontal, and through their whole thickness the river has cut its

way back to the present position of the fall in a manner similar

to that in which the river-bed below the Niagara Falls has been
formed.

They are supposed to belong to the Huronian series, a system which
is largely developed on the shores of Lakes Superior and Huron,
resting unconformably upon the Laurentian series, and having, ac-

cording to Sir W. Logan, a thickness of 12,000 feet. This large

system, that has not as yet yielded any fossils, and always underlies

the Silurian, has been considered to represent the Cambrian.

On the Paver Kaministoquoiah above the fall at Friar's Portage

the strata have an almost vertical position; and a little further on, at

Lower Island Portage, are found to be dipping at an angle of 40° to

south-south-east, and to be changed in character, having mica deve-

loped in them, and also a great abundance of quartz-veins. Imme-
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diately afterwards, in the course of the ascent, true granite occurs,

and after several alterations schistose flags reappear at Upper Island

Portage, but now dipping at a high angle to the north-west.

From the falls to the Dog Lake the ascent of the river pursues a

northerly course, crossing the beds obliquely by a succession of

minor falls, giving rise to scenery of unequalled beauty. At the

Dog Portage another sudden rise takes place in the water-level ; for

the rocky high grounds which, for a long way below, have been

skirting the river at some distance, forming, as it were, the limits

of a wide valley, here converge and form a granitic barrier across

the river, the summit of which is about 719 feet above Lake Su-

perior, and 440 feet above the river at the lower end of the portage,

but only 140 feet above the lake-level at the upper end, thus making
a rise in the water-level of 297 feet in the short distance of two and
a half miles. As the portage-road passes right over the top of this

hill and leads to a point in the lake far from the exit of the river,

the nature of the rock at the falls which produce this sudden

change in level could not be examined, but the mass of the hills

seems to be granite. Although this is not the highest point of land

over which we passed during the route, still it is probable that this

hill is as high as any portion of the rocky axis of the country ; as

those along the lake are inferior to it in elevation, while the

ascent which is made after leaving the upper end of Dog Lake is

through a swampy country covered with drift. In fact, after leaving

Dog Lake, until a considerable descent has been made to the west, no

rock is exposed, the whole summit-level being covered with a thick

deposit of drift.

From the Lake of the Thousand Isles, where the rocky flooring of

the country is again uncovered, until Sturgeon Lake is reached, the

descent is very slight, and the route follows a chain of small lakes,

which are in most cases detached from one another, being sepa-

rated by rocky barriers over which the canoes and cargoes are

carried.

In many cases the lakes are at exactly the same level at each end

of the portage, and the greatest difference between the two ends

of any of these portages is only about 35 feet, so that the total

descent in this part of the route cannot amount to very much. This

chain of lakes may, in fact, be considered as occupying a line parallel

with the summit of the watershed, and the country in which they

lie is almost wholly composed of granite, occurring in broad round
eminences, nowhere rising to 100 feet above the level of this half-

drowned country. It is probable that this granitic belt is expanded

considerably where the old portage-route crosses it, and that the

whole chain of lakes between Lake Easiganagah and Sturgeon Lake
lies within it. It is this belt which will form the great obstacle to

the formation of any kind of road across this watershed.

From Sturgeon Lake to Bad liiver there is a considerable descent

to the south, which forms the only exception to the general north-

westerly descent of the waters to Rainy Lake.

From the Lake of the Cross to Lake Namuean the descent is rapid,
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and trie river-channel crosses the strata of gneiss and bedded green-

stones at right angles, following the direction of the dip.

Eainy Lake has its length agreeing with the strike of the strata,

which is here more nearly east and west than before.

Between Eainy Lake and the Lake of the Woods the superficial

deposits again cover all rocks from view, and when the north end of

the latter lake is reached and they are again exposed, their general

strike is now changed to almost north and south, agreeing with the

greater axis of the lake, just as Eainy Lake agrees with the strike

of the eastern district. The descent from the Lake of the "Woods to

Lake Winnipeg is by successive groups of falls, between which the

river forms lake-like expansions, which lie generally at right angles

to its main course.

The first part of the Eiver Winnipeg flows across vertical strata,

and then enters a granitic district very similar to that passed through

between the Lake of the Thousand Isles and Sturgeon Lake.

The strike of the rocks in this region is generally a little to the

east of north, and the nature of the strata is very similar to that of

the country east of Eainy Lake, but less disturbed by dykes.

No trace was observed of the existence of the schistose rocks on
the west flank of the axis, the gneissose rocks continuing for the

whole way to Lake Winnipeg.

Silurian Bocks.—Mr. Hind, who had favourable opportunities,

from having coasted along Lake Winnipeg and the other lakes that

lie in this formation, gives an interesting account of its development

in his recent work (' Canadian, Assineboine, and Saskatchewan
Expl. Exped.' ch. xxxviii.): his fossils having been submitted to

Mr. Billings of the Canadian Geological Survey, the following groups

were identified as occurring in the Winnipeg basin ; all of them are

Lower Silurian:—

1. Chazy Formation. 3. Trenton Limestone.

2. Bird's-eye Limestone. 4. Hudson Eiver Group.

Of these I only saw the last at the same place that Dr. Owen
examined and recognized the proper age of the beds in 1848—namely,
at the Lower Fort Garry on Eed Eiver. Here there is a bench of

magnesian limestone exposed in the bed of the river when the

water is low, and which is then quarried for building-purposes. As
the river was high when I was there, this section was not visible,

but from fragments lying on the bank the following fossils were
obtained :

—

Cyathophyllum. Ormoceras Lyonii (Sfakes).
Colunmaria alveolata (Hall). Strophomena plano-convexa.

Favestella (Favosites basaltica of D. Orthis ; var. of 0. Lynx.
Owen). Spirifera elegantula.

Receptaculites occidentals (Salter). Maclurea.
Rhynchonella incubescens (Hall).

These fossils have been named for me by Mr. Salter, who has
kindly examined the few palaeozoic fossils that were procured. The
limestone is subcrystalline,of alight-buff colour with purple blotches,
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very hard, and having an angular fracture. At Stony Hill, about fif-

teen miles north-west from the upper fort, there is an isolated bluff

of limestone rising from the plain-level to the height of 80 feet.

The south and western exposures are abrupt and waterworn, it

having evidently been at one time an island ; and indeed during the

great floods which have several times inundated the settlement it

has been one of the few spots upon which the inhabitants can take

refuge, reaching it by means of boats. The beds of limestone are

horizontal or nearly so, and are slightly diffei-ent from those at Port

Garry in their mineral aspect, having a more crystalline structure

and the colour being of a reddish hue. No fossils can be discovered

in newly fractured portions, but on the weathered surfaces a few
obscure remains of fossils are to be seen projecting, together with

siliceous and gritty particles, from a dull floury surface.

The Silurian rocks have now been traced continuously from Lake
Superior west of the sources of the Mississippi, and thence into the

valley of Lake Winnipeg and on to the Arctic Ocean, skirting the

more ancient axis. On the shore of Lake Winnipeg they bave been

observed much disturbed and even vertical by Dr. Owen (' Report on
(Jeol. of Minesota,' &c), but in general they rest nearly horizontally,

or with only a very slight dip.

Resting on the Silurian strata, Mr. Hind has detected limestone

with Devonian fossils in a tract to the west of Lake Winnipeg, where
there are copious salt-springs, the brine from which is used for the

manufacture of salt. He considers the line marked by the occur-

rence of these salt-springs to indicate the outcrop of the Devonian

strata.

The route of the Expedition at once passed from Silurian to Cre-

taceous rocks without any indications of the intervening formations

until reaching the Rocky Mountains.

STRUCTURE OP THE ROCKY MOUNTAINS.

P/n/sical Character.—The plains at the eastern base of the Rocky
Mountains are, as I have before stated, elevated above the sea 4000

feet
;
and, as the average limit of vigorous vegetation in that latitude

is attained at 5000 to 6000 feet, the greater mass of the mountains

displays in consequence naked and bald surfaces, which are generally

very precipitous. Their structure is thus easily discerned to be of

strata the real thickness of which, originally very great, has been

much exaggerated by the complex flexures which cause the beds to

recur again and again, sometimes even in the same mountain. The

apparent confusion is so great from this cause as to strike the eye

at once, and it is not until observations have been made over a con-

siderable extent of the range that the extreme regularity with which

the disturbing agencies have been exercised becomes evident. The

flexures of the strata on the eastern part of the mountains have

been so completely inverted that the prevailing dip is towards the

centre of the mountains—that is. to the W. and S. The strike of the

plications varies, but in a regular manner. From Bow Fort, south-

wards, it is only a few degrees east of south ; but north of that river
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to the valley of the North Saskatchewan its average direction is

S.S.E., and between that valley and the Athabasca it is S.E. nearly,

while to the north of that it is changed to within two points of east

and west. These changes in the direction of the strata take place at

the different great valleys by which these rivers leave the mountains,
and which probably mark the lines of transverse fracture. The
mountains are divided into groups by great longitudinal valleys,

which are met with in every part of the chain that I examined,
running in the length of the range and forming a part of each of

the river-systems. The course of these rivers is, therefore, in every

case zigzag, alternately flowing through wide valleys either to the

north or south, and then making short breaks to the east or west
through narrow and rugged defiles.

Throughout these great valleys it seems to be the arrangement of

the detrital deposits that has in many cases determined the direc-

tion in which the rivers flow.

A curious feature is to be remarked in the position of the water-
shed between the waters of the Pacific and those of the Atlantic,

arising, no doubt, from this cause. It is found gradually to occupy a

position further to the west, and through the chain, so to speak, as

the rivers rise more to the north.

Thus the Missouri can hardly be said to rise within the Rocky
Mountains at all. Belly River, on the boundary-line, rises from the

first ridge before reaching the first longitudinal valley. Kana-
niskis River rises in that valley, or from the second range ; Bow
River from the third range ; the North Saskatchewan from the

fourth range ; the Athabasca from the fifth
;
and, although I have

not seen Peace River, the one further to the north, still this feature

is so well marked that it has been spoken of as rising on the west
side of the Rocky Mountains and then cutting through that range

to the east. This all tends to show that we must not look on the

Rocky Mountains as a continuous range, stretching as a line of frac-

ture through the length of the continent, but rather as a succession

of centres of disturbance, a fact which has been amply proved within

the American territory.

Thus what are known as the Rocky Mountains at the head of the

Missouri are rounded off to the north and south, losing their charac-

ter of a lengthened range in that of a mass of mountain-country.
In like manner the Rocky Mountains within the British territory

must be looked upon as a mass with its longer axis lying N.N.W.
and S.S.E., with which the main strike of the strata conforms.

Geological Structure.—There are three of these great longitudinal

valleys that are more persistent than the others, each of which marks
a change in the formations which compose the mountains. As far

west as the first of these, the structure of the mountains may be

understood from the sections*, figs. 11 & 12. The strata are of thick-

bedded limestones. These limestones are of dark and light-blue

* All these sections are merely diagrams combining the results of detached

observations.
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colour, crystalline, compact, or cherty, with fossils that are of Car-
boniferous age. In the sections these limestones are lettered b.

Along with them are softer beds of gritty sandy shale, generally of

a dull-red or purple colour ; and the irregular disintegration of these
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two groups of strata produces the rugged appearance of this range,

the mountains being in general formed by masses of synclinal folds,

while the valleys mark anticlinal fractures. The valley between the

first and second range marks a great trough in the strata in which

patches are preserved of chocolate-coloured ferruginous shales with

beds of grit and layers of ironstone, and which are the same seen in

the above sections resting on the flanks of the limestone mountains,

belonging to a more recent formation, and to which I have previously

alluded (p. 427). In the second range we have the same limestones

and shales repeated as in the first ; but at the base I observed traces

of a magnesian limestone of a buff colour, containing Atrypa reticu-

laris, a true Devonian fossil (c, fig. 11). Towards the west this range

everywhere in the mountains presents a sheer wall of vertical lime-

stone, the ragged edge of the beds forming the Saw-back Range.

The change in the look of the mountains that now takes place may
be well seen, as on Bow River in fig. 13, where the east side of this

Fig. 13.

—

Sketch of the Second Great Valley, on Bow River,

in the Roclcy Mountains.

valley consists of vertical strata, while on the west side the moun-
tains are formed of cubical masses of strata that are almost horizontal.

These are of hard quartzite-sandstone, passing into conglomerate,

and capped by hard limestone, with the ferruginous shales resting

obliquely on their sides at the line of fracture. At the source of the

Pipe-stone Creek the mountains form part of the second range,

and there I procured some fossils that have been distinguished by
Mr. Salter as Orthis, Lingula, Euomphalus, and from the limestone

Lithostrotion, which are either Carboniferous or Devonian. On
the Athabasca River gneissoid rocks, traversed with quartz-veins,

were observed to form the floor of the second longitudinal valley, and
in descending the valley of Vermilion River, and also that of Blae-

berry River, talcose shales were met with also, forming the floor of

the valley (e, figs. 11 & 14). On Kicking-horse River in the third

range, we have the mountains again formed of blue limestone, to-

gether with a compact blue schist with red bands, giving a curious

striped aspect to the rock. This schist or slate-rock forms the

highest points of the mountains in the above district (d, fig. 14).

The third longitudinal valley is that in which the Columbia

and Kootanie Rivers flow in opposite directions parallel with the

range. Along the eastern shore of the Columbia Lakes we find the

mountains again composed of the Carboniferous limestoneswhich form
the eastern ranges, but resting unconformably on slates (e, fig. 14).
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At the soiu'ce of the North Saskatchewan the mountains are very

massive, and are principally composed of a deep-blue compact lime-

stone, that often contains nodules of iron-pyrites (c, fig. 14). A few-

specimens of Atrypa (^reticularis and Athyris lead Mr. Salter to

regard these limestones as Devonian. To the west of the great

Columbian valley the strata were only seen in descending the Koo-
tanie River, as shown in the section

,
fig. 14. That river breaks through

a succession of well-defined ranges that never rise to any great

altitude, and are composed of dark schists («'), traversed by quartz -

veins, the whole forming beautifully developed flexures. Some
miles east of Ladder Lake the slates (e) were again seen underlying

these schists, and at that place commences a district of granitic

country (/), where mountain-ridges rise as rounded masses to the

height of 800 to 1000 feet above the general level.

Towards Fort Colvile the Kullespellem Mountains bound the

Columbia to the east, and are formed of quartzose slates in thin

beds, limestone partly altered, and serpentine. At the south end of

the Kulespellem Mountains the great trap-floes of the Columbian
Plains commence, and are there seen to overlie the granite and other

strata, filling up the hollows in their surface.

The horizontal extent of these lava-floes is truly wonderful, as

they occupy nearly the whole surface of the great Columbian Desert

without an)- chain of mountains or peaks existing to which their

origin can be referred.

This great plain is frequently cut by chasms 500 to 600 feet deep,

the sides of which expose stratum after stratum of thin lavas inter-

calated with softer tufaceous beds, the whole being quite horizontal.

The lava-floes have often a columnar structure, especially in the

neighbourhood of depressions in the plain, such as Sil-kat-kiva Lake,

which probably mark the position of ancient craters. At some points

up Snake River, American parties have procured Tertiary fossils from

the tufaceous limestone that underlies these basalts.

The whole way to the Dalles the Columbia flows through an

enormous chasm in these stratified lavas and tufas, giving rise to

most wonderful scenery. Often the whole of this mighty river is

compressed between perpendicular walls of basalt, but with a

channel of such depth that its treacherously swift current preserves a

glassy surface.

CASCADE KANGE.

Where the Columbia breaks through the Cascade Range there

is a great rapid rather than a fall, from which the moun-
tains have derived their name, and connected with the formation

of which there is an old Indian legend. The river from the

Dalles to this point, a distance of forty miles, is almost without

current, and bounded by a perpendicular wall of mountains on cither

hand, and the story is, that at one time the river had a uniformly swift

current the whole way, and that where the Cascades now are, it

then passed under a gigantic natural arch that crossed from side to side

of the chasm. During a great earthquake this arch fell down, and

now remains as the chain of islands across the head of the Cascades,



1861.] HECTOR ROCKY MOUNTAINS, ETC. 445

while the river has gradually carried down the fragments so as to

form the long rapid. The river was thus dammed back all the way
to the Dalles, and submerged the forests along its banks, the stumps
of which are still to be seen sticking out of the water at a distance of

several hundred yards from the shore. The stumps of the submerged
trees are of a species that never grows near water ; and as the other

conditions of the story agree remarkably well, I am inclined to think

there may be some truth in it. It was told me, as we were passing

the spot, by a fellow-passenger who had been a long time among
the natives as an American Indian agent ; and I have since heard

it from gentlemen who have been twenty-five years in that country

in the Hudson Bay service.

In descending from the Cascades to Vancouver, stratified rocks

are seen perched on the flanks of the mountains, among which
is a group of strata of a bright vermilion colour. Along the valley

of the river there are also strata of tufaceous sandstone and clay

which are only slightly disturbed. At the Cascades the beds attain

a considerable thickness and contain large fragments of silicified

wood. The scenery of the Lower Columbia before reaching the flat

district around Fort Vancouver is exceedingly fine, the river pass-

ing, successively, bold promontories more than 1000 feet in height,

and sometimes under lines of cliff over which rivulets pour as cas-

cades from a height of 600 feet. Between the Olympic or Coast

Range, which stretches to Cape Flattery, and the Cascade Range, the

great valley of Puget Sound is continued south as far as latitude 44°,

first as far as the Columbia River by the Cowlitz Valley, and then by
the valley of the Willamette, and presents a long strip of valuable

country, which forms the only good part of Oregon and Washington
territories. The River Columbia crosses this strip of country, only

conforming to its direction for a short way from Vancouver to the

Cowlitz.

Of the Olympic Range I believe nothing is known ; but, as viewed
from Puget Sound, the outline of these mountains reminded me in a

striking manner of that of the exterior ranges of the Rocky Moun-
tains, where they are composed of plications of stratified rocks.

I have previously mentioned the metamorphic rocks, with beds of

crystalline limestone, that form the mass of Vancouver Island ; and
for further interesting details respecting the south end of the island,

reference may be made to Mr. Bauerman's paper, published in the

Society's Journal, Nov. 1859.

April 24, 1861.

Daniel Mackintosh, Esq., Chichester, and Richard Payne Cotton,

M.D., F.R.C.P. Lond., 46 Clarges Street, Piccadilly, were elected

Fellows.

The following communications were read :

—

VOL. XVII. PART I. 2 H
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1. On the Occurrence of the Cyeena eleminalis, together with Maeine
Shells of Eecent Species, in Beds of Sand and Geatee over beds

o/Boeldee-clay near Hell ; with an Account of some Boeings and
Well-sections in the same District. By Joseph Peestwich,
Esq., F.B.S., Teeas.G.S., &c.

Few fossils of its class can lay claim to the interest that has at-

tached to the Cyrena jiummalis. This small hivalve shell, described

in 1834 by Mr. Searles Wood as the Cyrena trigonula of the

Norwich Crag, and afterwards identified with the C. consobrina of

Cailland, now living in the Nile and parts of Asia*, has, from the cir-

cumstance of its occurrence in beds of well-defined position beneath
the Boulder-clay of Norfolk, been ranked as pre-eminently a prse-

glacial shell, and as the associate of the Hippopotamus major and
Elephas antiquus.

On the strength of the palseontological argument, certain isolated

beds containing the same Cyrena, including more especially the well-

known deposits of the Thames Yalley, the immediate relation of

which to the Boulder-clay is not apparent, were referred to the same
prseglacial period. The late Mr. Trimmer, Mr. Morris, and myself

hare, however, always held a different opinion, inclining to the belief

that these latter deposits were of later date than the Boulder-clay.

Our reasons being mainlybased upon the general physical phenomena,
and wanting the more positive proof ofsuperposition, the age of these

deposits remained a point at issue between geologists and palaeonto-

logists. But if the determination of age were already desirable on

the abstract geological question, it is now of much more importance

in consequence of the circumstance of the same Cyrena having lately

been found in the neighbourhood of Abbeville in the beds of sand

and gravel containing Flint Implements +.

So much of the paloeontological argument as hinges on the occur-

rence of the Elephas antiquus in these beds has lost its weight, inas-

much as this species, instead of occurring invariably in beds beneath

those containing the Elephas primigenius and always apart from it,

has now been found associated with it in positions which leave little

doubt of their original contemporaneity. The E. antiquus may have

lived before the E. primigenius ; but it certainly appears to have lived

on to the period of the latter species, which, the evidence I have

collected goes to show, was probably not introduced into this country

until after the Boulder-clay period.

The Cyrena, although found in various beds supposed to be newer
than the Boulder-clay, could not be proved in any of these cases to

be newer by direct superposition. In the course of last summer,
however, I obtained proof of its presence in beds considerably higher,

at all events, than the Maninialiferous or Norwich Crag. I had visited

* See the account given of the range of the living shell, by Mr. Woodward,
in the Zool. Proe. 1850, p. 187.

t The first Cyrena found there I took out of a bed of sand overlying a bed of

subangular flints, in which I at the same time found three flint flakes or knives

:

larger lance-head-shaped flint implements have been found in a still lower bed
of gravel adjoining the town-walls. Four more specimens of the Cyrena have
since been found in some sands. (See section in the Phil. Trans, for I860, p. 284.)
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Hull and examined the Boulder-clay of the Yorkshire Cliffs, when
my attention was drawn to the single valve of a Oyrena fluminalis,

identical with the Grays species, in the fine collection of organic re-

mains of Mr. Leckenby, of Scarborough, and long known to Mr Morris.

Mr. Leckenby informed me that it came from the shelly gravels

described by Professor Phillips near Hull, where it was not rare.

Returning to Hull and following the instructions given in Prof.

Phillips's * Geology of Yorkshire ' (vol. i. p. 23), I found my way
readily to the gravel-pit, one mile south of Bidgemont near Hedon,
therein described. Professor Phillips gives a list of eight shells

from this locality, and also notices the common occurrence of another

shell which he could not refer to any then described species, and

which proves to be this Oyrena. The section is small ; and although

the superposition of the beds is not shown, they are justly inferred

by Prof. Phillips to be closely connected with the Boulder-clay.

To the S.W. of this pit are several old pits, now nearly obscured, to

which I shall revert presently. My attention was then directed to a

large ballast-pit on the Hull and Holderness Bailway, one mile S.S.W.
from the above-mentioned pit, and 8£ miles eastward of Hull. There
is no name given to the spot on the Ordnance Map, but locally it is

known 'as " Kelsey Hill." The section at this spot is extremely in-

teresting. It exhibits great beds of coarse gravel and fine shingle

interstratified roughly and irregularly with beds of sand—the whole
of a light colour, and with much oblique bedding. In places there are

no shells ; in other places they are most abundant The following

sections give the general characters of the deposit.

The gravel in the upper Section at the East End of the

beds consists of subangular Ballast-pit, Kelsey Hill.

flints with pebbles of the n.b. s.w.

older rocks, but the latter Feet. im^ww^imga^^ a,

are in far larger proportion in

the lower part of the section,

some beds consisting almost

entirely of small boulders of

granite, greenstone, quartz,

porphyry, mica-slate, lime-

stones, sandstones, lias, and
hard chalk, together with
very large flints*. They are

almost all worn and sub-
angular, and many are per-

fectly rounded. Some spe-

cimens are above a foot in

length. A few of the lime-

stone blocks retain faint

traces of glacial scratching.

Many of the blocks of chalk

are drilled with Annelid borings and perforated with the holes of the

Pholas crispata. Some few of the rock-blocks and many of the large

* See ' G-eology of Yorkshire,' 2nd edit. p. 20-23, for fuller details of the

lithological character of the strata.

2h 2

ci- Gravelly soil.

b. Rather coarse gravel.

c. Sand and fine gravel.

d. Gravel composed of small rounded
boidders mixed with shells, 5-6 feet.

e. Light-coloured sands, with shells,

chiefly in fragments.
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flints, however, are angular. The large gravel, d, contains with the

sand in the interstices between the boulders a certain number of the

shells hereafter named*.
Towards the central part of the pit, now in course of being-

worked, the gravel is finer and the shells more numerous and per-

fect. So abundant are the shells and so regular the bedding, that in

the following section the deposit has quite a Crag-like appearance.

Some 3 or 4 feet of a larger and coarser gravel has been removed

from the top of this section.

The shells in b are extreme-

ly numerous,—the Tellina,

Cardium, Mactra, Buecmum,
Littorina, Nassa, Natiea,

andPurpura preponderating,
with the Oyrena,whichhard-

ly yields in abundance to any

of the others. The Anomia;

Corbida, Numla, Venus,

Mureoc, and Fusus are rare*.

Almost all the shells are

worn, and have the ap-

pearance of having been

dead shells cast up on a

beach or a bank. The bi-

valves are more perfect than

the univalves, which are for

the most part more or less

Generally the shells are but

little decomposed, many of them retaining even some of their colour.

I am indebted for the following revised list "f" and remarks to Mr. J.

Gwyn Jeffreys, F.R.S., F.G.S., &c.

MOLLUSCA.
[These are alphabetically arranged, but according to the nomenclative of Forbes

and Hanley. The species marked with an asterisk are not in their list.]

No. Species. Remarks on the comparative

frequency, &c.

Bivalves.

1. Anomia ephippium Asinglevalve,noticedbyMi\Leckenby.
2. Astarte compressa A fragment.

3. Cardium edule Common : the ordinary form.

* Another locality mentioned by Professor Phillips is Brandesburton, 15 miles

northward from Kelsey. I had not time to visit this place, but my friend Mr.
Smith, of Hull, lias recently been there, and he reports to me that the gravel

forms a ridge of low hills which have been worked for centuries. At the pits now
open, shells are very scarce. The specimens he has sent me are only worn frag-

ments of Cardium cdule, Tellina solidula. and Pholas crispata (?). The locality,

however, is important as showing more distinctly than at Kelsey Hill the super-

position of the gravels in the Boulder-clay ; for at the village a deep well has been

sunk, which, after passing through the lower 10 or 12 feet of gravel, traversed 60
feet of clay with stones (Boulder-clay) ; below this was a bed of flinty gravel, and
then the Chalk at a depth of about 80 feet.

t Tins list is more copious than the one I first gave, and is the result of an ex-

Section close-adjoining the Railway at

the Ballast-pit, Kelsey Hill.

s.w. S.E.

a. Gravel and sand.

b. Fine gravel and sand, with veins of

coal-smut, full of shells.

c. Sand and gravel, in oblique layers

and with fewer shells.

broken, especially the large Buccinum.
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No. Species.

Bivalves.

Cardium edule, var.

4. Corbiila nucleus
5. Cyprina Islandica f

*6. Cyrena fluniinalis, Midler .

7. Mactra solida

8. subtruncata

—, var.

9. Mya tnuicata

10. Mytilus edidis

11. Nucula nucleus
12. Ostrea edulis

18. Pbolas crispata

14. Tellina solidula

15. Venus striatula

Remarks on the comparative

frequency, &c.

. An estuarine or brackish-water form

;

more produced at the anterior side

and thinner : less frequent than the

last *.

. Rare.

. A fragment.

. Abundant. Corhicula fluminalis of

conchologists. Some specimens are

larger than recent ones of the same
form.

. Not common : a small variety, inter-

mediate between this species and 31.

elliptica of Brown, which I consider

a variety of it.

. Not common. The lateral teeth in this

and the last species are perpendicu-

larly striated, as in Cyrena.

. Rare. The Irish deeply striated form.

. Two fragments.

. A few fragments.

. A fragment.

. Rather common : not of any size. Ap-
parently an estuarine form.

. A few fragments.

. Very abundant, but not of any size.

. A single valve.

Univalves.

16. Buccinum imdatum Very abundant : a northern form, hav-
ing the ribs more obliquely carved.

17. Dentalium entale Not common.
18. Fusus gracilis, Da Costa .... A fragment. This is the F. Islandicus

of Forbes and Hanley, who appear

to have mistaken Da Costa's species

for the F. Islandicus of Chemnitz.
These species are very distinct.

19. antiquus,var.despectus . An immature specimen and a fragment
of another. In this country it occurs

only in the south of Ireland and in

Zetland.

arnination just made by Mr. Jeffreys of my original collection, as well as of a fur-

ther series collected by Mr. Smith, and sent me only a few days since. It will be

seen by my observations which follow those of Mr. Jeffreys, and which remain
as they before stood, that our conclusions, which are based upon independent
grounds, are in very close agreement.—21st Oct. 1861.

* In Mr. McAndrew's Report to the British Association, in 1856, on certain

dredging operations, he says (p. 134), " Near Tunis a narrow neck of land divides

the bay from a shallow salt-water lake, at the head of which the city of Tunis is

situated ; on the one side of this neck of land (that facing the bay) all the speci-

mens of Cardium edide were strong, triangular, and with few ribs, while on the

other side, towards the lake, they were thinner, wider, and much more numerously
ribbed. The northern varieties attain the largest size."—J. Gr. J.

t This may have been washed out of some of the lower beds of the Boulder -

clay, where such fragments are often common. So also the fragment of Astarte

com/pressa.—J. P.
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No. Species. Remarks on the comparative

frequency, &c.

Univalves.

Fusus anti<pius,var.sinistrorsus One specimen, exactly resembling the
common Crag shells. It is very rare

as recent or living in these seas.

20. Lacuna crassior Very rare.

21. vincta Several specimens. One of them is of

unusually large size.

22. Littorina littorea There is only one specimen which I can

refer to this species, and that is not
perfect.

23. rudis Only one small specimen.
*24. squalida, Broil. Soiv. Rather common. An Arctic form. It

is the same species as occurs in the

newer Crag strata. Intermediate be-

tween L. littorea and L. rudis. Pro-
bably the L. limata of Loven.

25. Mangelia nebula Three imperfect specimens.
*26. pyramidalis, Strom. Two young specimens. A Norwegian

species.

27. turricula Several specimens.

28. Murex erinaceus A fragment. Neither this, nor Mem-
gelia nebula, is known to me as an
arctic species.

29. Nassa reticulata Frequent.

, var. scala- I ^
riformis (

specimen.

*30. Natica clausa, Broil. § Sow. . . A few specimens ; one is very large.

A northern species.

31. Groenlandica, Beck . . Three specimens—one large—and a

(pusilla, F. <5" H.) fragment of another still lai'ger. It

survives on the Doggerbank.
32. helicoides Rare. Found living with the last on

the Doggerbank.
33. nitida Not common.
34. Purpura lapillus Very abundant.
35. Rissoa labiosa .- A fragment.
*36. subumbilicata, Mont. Two imperfect specimens. An estua-

rine species, allied to R. ulvce, of

which it may be only a variety.

37. Trophon clathratum A. few specimens, of large size.

*38. Gunneri, Loven .... Two specimens
;
Norwegian.

*39. scalariforme, Gould Two specimens ; northern.

40. Turritella communis Two fragments.

Cirrhiped.

Balanus crenatus, Bruguiere . Detached valves are rather common.

Although nearly all of the species comprised in the foregoing list

still exist in the German Ocean, there are some which are only known
as living in more northern seas.

Mr. Jeffreys further observes, " The conditions of coast and sea-

bottom which produced these animals appear to have been as follows.

" 1st. A muddy estuary, like the Solent, into and out of which

a large river flowed, and in which grew the Zostera marina : this
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estuary and river were inhabited by the Bissoce, Lacuna vincta, the

variety of Cardium, Tellina solidula, the Gyrena (or Corbicula),

and probably the Ostrea ; the shells being carried down into the sea

by the river.

" 2nd. Below the beach, referred to underneath, a belt of loose

stones of different sizes, with patches of mud ; and here lived the

Purpura, Mytilus, Nassa, Littorinm, and Balanus.
" 3rd. An exposed patch of chalk, which produced the Pholas.

" 4th. A wide and deep patch of sand with gravelly mud, inha-

bited by the typical Cardium, the Mactrce, and the Mya. Only un-
covered at low spring-tides.

" 5th. Seaward, at a depth of from 20 to 30 fathoms, and at a

distance of not more than two or three miles from the shore, where
the ground was sandy, we might expect to find the Buccinum, Fusi,

Naticai, Corbula, Nucida, Astarte, Yenus, Dentalium, Lacuna crassior,

variety of Mactra subtruncata, the Tropha, and Mangelim. All

these were within the range of the tidal current, and may have

been thrown up on a pebbly beach, which would account for their

generally broken and rolled condition."

In addition to the above I may notice the occurrence of a few
small fish vertebras and of annelid borings in the pieces of chalk. I

was informed that some large bones* had been found two or three

years since ; but the only trace of bone I found was an undetermi-
nable fragment reduced to a pebble-form.

As itwould appear that none of the shells are in their original habitat,

it becomes a question whether they are all contemporaneous, and of the

same date as the gravel in which they are imbedded. With one or

two exceptions I am inclined to answer in the affirmative. The shells

are alike in mineral condition, and they show the same amount of

wear. They do not seem to bave been transported far, or subjected

to very much rolling about. If any had been washed out of an older

cliff, then we should look for more or less difference of wear and of

mineral condition between such introduced specimens and the more
recent specimens ; but no such distinctions are apparent. All the
species, with the exception of the Gyrena, are such as might live in

the same sea, and have the ordinary appearance of dead shells cast

up on a gravelly bank or on a beach. The Gyrena, however, being a

freshwater shell, must either have been washed out of an older deposit

or else carried out to sea from the rivers which it inhabited. With
this fossil also there is nothing on the score of wear and mineral con-
dition to distinguish it from its present marine associates. As these

latter indicate a certain amount of transport and intermingling by
marine currents, the same cause has in all probability operated along
the whole littoral area and caused the intermingling, not only of the

shells of different zones of depth, but also of those brought down by
streams. That there were such freshwater streams in the vicinity

* Professor Phillips mentions the occurrence of the tusk of an Elephant in simi-

lar beds at Brandesburton (Geology of Yorkshire, 2nd edit. vol. i. p. 22).
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of this area, is indicated by some of the above-mentioned marine

shells exhibiting varieties peculiar to brackish waters *. It is to be

observed, nevertheless, that no other freshwater shells nor any land-

shells are found in the Kelsey Hill beds ; but this may arise from the

strength and solidity of the Gyrena being superior to that of the

ordinary freshwater and land-shells. Its numbers are also remark-
able. It occurs literally in thousands. For these reasons I am
inclined to believe it to have been contemporaneous with the marine

shells with which it is found associated.

With regard to the position of the Kelsey Hill gravels, the coast-

section from the Humber to Bridlington shows cliffs of Boulder-clay

capped here and there by similar gravels, but not so fine and sandy.

Well-sections throughout Holderness also show the Boulder-clay to

extend inland to Hull and Beverley. As this clay could not be seen

beneath the gravels at Kelsey Hill, I proceeded to examine the

river-side section described by Professor Phillips at Paull Cliff, a few
miles below Hull. I there found several of the same shells (including

the Gyrma, but in much fewer numbers and more broken) in beds of

sand with but little gravel, reposing upon an irregular surface of grey

clay ; but, this clay containing no boulders or fossils, I could not feel

certain about its being the Boulder-clay.

As I eovdd not remain to superintend a series of trenches and

borings which seemed necessary to settle the question of superposi-

tion, my friend Mr. T. J. Smith, F.G.S., of Hull, who had accompanied

me on my last visit to Kelsey Hill and also to Paull Cliff, undertook

to see them carried out ; and I am indebted to his active co-operation

for the following resvdts. The drfficidties, however, were greater

than we anticipated, and the results less. Owing to the wet season

it was found impossible to dig a trench to any depth at Kelsey Hill

:

* The occurrence of the two species oiSissQO has now to be noticed.
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for the line of water-level was reached at a foot or two below the

level of the pit. Boring was then tried, when, owing to the variable

and often very coarse structure of the gravel, the first workmen gave

it up in despair. It was resumed again at a later period with the

obliging assistance of Mr. Monkman, the manager of the Holderness

Line, whose property the pit is. We had hoped to find the base of

the gravel at a depth of 10 to 12 feet ; whereas after penetrating

with difficulty to a depth of 36 feet, always in the gravel, but the

lower bed more argillaceous, the work had to be abandoned. These

borings at Kelsey Hill gave :

—

Boring at Kelsey Hill.

r, , f Sand and gravel with shells 4 feet
Commencing at the I

j^rger gravel 16 „base of ti* section Sm|lleifgravel 8 ]]shown at p.
(
Larger gravelm grey loam (Boulder-clay?) _8 „

36 „

I may observe, that although we failed to obtain the desired

exact proof at this spot, yet at places close adjacent, and on the same
level, artesian wells have been sunk which invariably pass through a

greater or lesser mass of Boulder-clay before reaching the water-
bearing beds of sand or the chalk*.

Attention was now turned to Paull Cliff, to ascertain whether or

not the clay exposed at the base of the cliff belongs to the Boulder-

clay. Such, proves to be the case ; for in digging below the base of

the cliff, Mr. Smith soon found the clay to become stony, and the

specimens he has sent me have the ordinary aspect of the Boulder-

clay.

Section at Paull Cliff.

(Soil and silty gravel 8 feet.

Sand and gravel with shells 12 „
Sandy dark-coloured clay without ) „

stones
J

"

^5KS«& }

-

th *« aw*-**
'

Looking therefore at all the conditions of the case, I feel satisfied

that these gravels with the Cyrenafluminalis overlie the great mass
of Boulder-clay of Holderness. The question then arises as to whe-
ther these shelly gravels belong to the Boulder-clay, or whether they
are separable from it ; and on this point the evidence is not quite

clear, although I am now more inclined than at first to consider it

tolerably conclusive. As observed by Prof. Phillips, there are places

on the coast where patches of sand and gravel are seen intercalated

in the clay, whilst inland the gravels form isolated hills, and the

* At Hull the section of a well given by Professor Phillips shows a clearer

separation of the beds, these being

—

Alluvial accumulations 32 feet.

Boulder-clay 36 „
Sand 26 „
Chalk ._16 „

110 „
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difficulty is at these places to obtain the positive evidence of super-
position. At the pit first mentioned, near Bidgemont, the gravel is

continuous throughout, and no Boulder-clay is seen; but at the
adjacent old pit I found distinct traces of a bed of red clay capping
this gravel, whilst at Kelsey Hill the high face of sand and gravel
at the west end of the pit shows a slight intercalation, near the top,

of a bed, 1| foot thick, of pebbly clay. There is also some higher
ground in the neighbourhood which seems capped by clay.

Section at the west end of the Ballast-pit, Kelsey Hill.

W. E.

ft. in. ^'m*"- .

. .. ^v.^^.::-^^.^^^M»t)m

~- - - -- a. Gravel.
a _ „ .. ... - --- -

1 6 id!?" ill ^aJ' with large pebbles.

o...: .. ^ -
• 05::©^;;;^; c. \ cry coarse gravel.

- °- o" o o <= J c ..c- -^ •„.. .:— •

Seams of sand and gravels.

'X^ =
, Fine sands, traversed by

.. . / a number of small faults *:

~
'

, some few shells.

Taking this section in conjunction with the boring, we have here

a thickness of 60 feet of sands and gravels f. This, it is true, is un-

usual on the coast, and it might be asked whether these upper beds

of gravels and sand are not reconstructed out of the clays and gravels

of the Boulder-clay. It has, however, to be observed that in this more
inland portion of the Boulder- cla}- it would seem that the beds of

gravel and sand are altogether more generally developed—a fact

shown in the two following and other well-sections, for which I am
indebted to Mr. Smith.

* The middle part of the section is so obscured that I could not ascertain

whether the faidts proceeded upwards through the beds d to a.

f The hillock rose in one part (now removed) 56 feet above the marshes.
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Section of two Borings* near Hedon, six miles from Hull and about

two miles from Kelsey Hill. (Furnished by the Engineer of the Hull

Waterworks.)

At Old Pollard Farm.

Feet.

Soil 2
Red brick-clay 4
Black warp 34
Eed clay full of stones 20
Rough gravel with sand and spa-

j 9g
water J

Very fine clay, clear of stones 8

Bed of flint 2
Black Moor, decayed wood 2
Blue clay with white sand 1

Blue clay with white marl t 8
White marl-clay with small cob- \ g

bles and flints J

Chalk with bed of sand 5

Chalk clear of flint 69

190

At Twier's Farm.

Feet.

Soil 2
Cood brick-clay 5
Black warp 13
Strong marly clay with stones ... 40
Rough gravel-stones and spa-

1 24
water j

Fine clay 1

Dark-green sand 11

Blue clay with white sand 2
Hard mixture of blue clay and \ ^

white marl J

Red clay with white marl 10
Chalk 7
White sand which blew up into 1

j
the pipes 20 feet high J

Chalk clear of flints 50^

1781

Here beds of gravel occur low down in the Boulder- clay. The
upper three beds belong probably to the alluvial deposit of the

marshes. The stony clay beneath representing the Boulder-clay,

would, if continued on the same level, range under the Kelsey Hill

sands and gravels, which therefore, so far as superposition is con-

cerned, might form an upper member of this series. But the gravel

is more worn and more shingly than is usual in the mass of Boulder-

clay. It has more the character of beach-shingle ; for not only have

we littoral shells, but rounded blocks of chalk, pierced by Annelids

and the Pholas crispata, are also common. These are features which
I did not notice in the coast-section ; nor have I there observed,

in those thick beds of sand, the fine lamination and large oblique

bedding. These may be owing to the nearer proximity to the mouth
of the old river. Further, I found in the coarse gravel of Kelsey

Hill pebbles of limestone showing glacial scratches more or less

obliterated. These facts therefore afford grounds to view the Kelsey

Hill gravels as partly reconstructed beds, deriving some of their ma-
terials from the lower beds of the Boulder-clay and associated gravels.

The worn and irregular state of the surface of the Boulder-clay at

Paul Cliff also gives some support to this partial denudation of the

lower beds of the Boulder-clay before the end of that glacial period.

On the coast the gravel-beds associated with the Boulder-clay are

spread out with more regularity and conforniability.

The greater number of shells now obtained from these beds show,
however, a more northern character than was at first apparent, and
tend therefore, taken in conjunction with the occasional capping of

their seams of clay like a Boulder-clay, and the fact of a general

* The terms used by the workmen in these and the other well-sections are re-

tained. The small diameter of the bore-hole, and the presence of water, often

render it difficult to judge accurately of the materials.



456 PEOCEEDINGS OF THE GEOLOGICAL SOCIETY. [Apr. 24,

development of gravels to the westward, to incline me to believe that

these beds are to be referred to the upper part of the Boulder-clay.

The shells are all of recent species, and 33 out of the 40 are still

found on the Yorkshire coast. Nevertheless the presence of such
species as the Natica clausa, N. Grcenlandica, Trophon Gunneri, T.

scalariforme, Mangelia pyramidalis, and Littorina sqiialida, which
have a wide northern and Arctic range, indicates colder conditions

than those now prevailing on these shores, and more in accordance

with what we know of the fauna of this portion of the Post-plio-

cene series.

I have extended this communication to greater length than I in-

tended, my object having been to make known a very remarkable
locality well deserving of further research, and which has an im-
portant bearing upon some questions still under discussion. I reserve

the more theoretical questions connected with the origin and cor-

relation of the strata to a future more general inquiry.

P.S. I annex a series of sections sent me by Mr. Smith, of borings

along the line of railway from Hull to the sea at Withernsea, and
passing through Kelsey Hill, which is situated between Sections

3 and 4.

Sections at the stations along tlie Holderness Railway.

1. Marfled, 1\ miles from Hull.

Feet,

Warp 30
Salt water sprang from " rotten

stuff."

2. Hedon Station, b\ miles from Hull.

Brick clay 6
Grey marl with stones 24
On to a bed of sand from wliich

water sprang.

3. Burstwick Station, 7f miles from
Hull.

Brick clay 7
Strong marl w^ith " iron-stone " ... 29
Strong niarl with stones 40
Ked sand giving sufficient water.

4. Keyingham Station, 9£ miles from
Hull.

Strong clay 12

Marl with stones 3
Sand-bed with sufficient quantity

of water.

5. Ottringham, 1 1 miles where the Ot-

tringham road crosses the railway.

Feet,

Bored through 30
Strong marl with stones; not

finding water, was given up.

6. Winestead Gate-house, 13£ miles.

Warp '. 30
Strong red marl 5
Marl with stones 30

Dirty sand containing water.

7. Patrington Station, 14 miles.

Strong red marl 30
Grey marl with stones 15
Sand with water.

8. Withernsea Station.

Clay marl 15
Gravel and sand 5
Strong marl with stones 60
Grey sand and shells 2
Found water.

At the railway-stations, only small supplies of water are required.
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2. On the " Symon Fault" in tlie Coalbrook-dale Coalfield.

By Marcus W. T. Scott, Esq., F.G.S., Mining Surveyor, &c.

[Plate XIV.]

This paper comprises observations on a section through a part of

the Shropshire Coalfield in nearly a straight line from north to

south—commencing at the Greyhound Pit, near the Oakengates

Tunnel of the Shrewsbury and Birmingham Bailway, and. terminating

at John Anstice & Co.'s Halesfield Pits near Madeley ; but it is more
particularly intended to explain the nature of the " Great East

Fault," or " Symon Fault," as it is locally called.

The district of which the section forms a part has been explored

and brought before this Society in a paper " On the Geology of

Coalbrook Dale," by Mr. Prestwich, published in the ' Transactions

of the Society,' 2nd ser. vol. v. part 3, which fully treats also upon
the fossil fauna and flora. My object is therefore not to enter into

detail further than is necessary to explain the true nature of the
" Symon fault," alluded to and described by Mr. Prestwich (Joe. cit.

p. 432) as far as the data then obtained would allow.

In May, 1843, I commenced my labours in the district, as check-

viewer and surveyor for the owner of the Malinslee and Stirchlee

Boyalties, extending over an area of upwards of 1200 acres (within

the dotted line on the Map D, PI. XIV.). Since 1843 I have made
half-yearly surveys and plans of the workings in the coals and iron-

stones, and have had opportunities of obtaining details necessary for

my object.

The coals (where the whole of them occur) are, in a descending

series, in the property referred to

—

ft. in. ft. in.

1. The Top Coal from 4 to 4 6
2. The Half-yard Coal 1 6

3. The Double Coal 5 6

4. The Yard Coal 2 6 3
5. The Big Flint Coal 3 4 6
6. The Stinking Coal 3 4
7. The Chinch Coal 2
8. The Two-feet and Best (separated

3 4
9. The Handle and Clod Coal 4 5

10. The Little Flint Coal 1 6 2 3

the united thickness being somewhere about an average of 33 feet.

The whole have been and are being worked more or less, with the

exception of the Half-yard and Chinch Coal ; the Half-yard Coal has
been worked in a small freehold near Oakengates Tunnel on the

Shrewsbury and Birmingham Bailway, and there can be no doubt
that ultimately, when the other and more profitable coals are

exhausted, the two exceptions will be worked. In some parts of

the royalty named, another coal, above the Top Coal, called the

Fungus Coal, has been found, but not extending over a large area.
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The Handle and Clod Coals have been the principal coals used in
the blast-furnaces for making pig-iron—almost exclusively until
within the last fifteen years, when the Little Flint Coal has been
brought into use, and proves to be the best iron-maldng coal, used in
a raw state,—producing, as I am informed, more iron per furnace per
week than the Eandle and Clod Coals from equal weights of materials.

The other coals are mostly used for domestic, malting, and mill and
forge purposes ; but the Two-feet and Best, Big Flint and Yard Coal
are now used partly in the furnaces in the shape of coke. The
Stinking Coal (containing a great deal of sulphur, as its name im-
plies) is principally used by the workmen, for brick-burning, and to

a great extent at the blast-engine, rolling-mill-engine and other
engines for the boiler-fires.

The ironstones of a workable nature, per se, are, in a descending
series,

—

3. Pennystone, lying immediately above the Stinking Coal.

Above the Top Coal lies the Ballstone (ironstone) Clod, and above

the Yard Coal lies the Yellowstone (ironstone) Clod
;
they are worked

or got as far as possible, when the coals are got from below them.
There are other chance ironstones found in the rocks and clods

associated with some of the coals, but it is not necessary to notice

them here. The object in detailing the coals and stones, so far, is

because they bear upon the subject more immediately to be brought

under notice.

When I first visited the locality (May 1843) the Eandle and Clod

Coals were being worked at a point near Mount Pleasant (on Map D),

one mile south-east of Malinslee Hall ; and on my next visit (Sept.

1843) the workings at that point had been given up, having been,

as stated, cut off by the Symon fault; but I was subsequently in-

formed by the bailiff who superintended the workings in that part

of the field " that there was good coal left." The real cause of stopping

the workings there was, as far as Ihave been able to learn, the approach

to other property, and the Eandle Coal being partly denuded by the

Symon fault, and the great distance (in the Shropshire Coalfield

then considered so) from the shafts. Since 1843 there have been no

workings in the Eandle and Clod Coals (the lowest workable coal but

one) near the line of the so-called " Symon fault." In March 1845
I surveyed the workings in the Top Coal (the highest workable coal)

near Malinslee Hall, up to the Symon fault and adjoining the great

slip-fault, known as the " Lightmoor fault." On approaching the

said Symon fault, the coal becomes interspersed with vertical fissures

filled with white marl, from an inch up to nine inches or more in

width ; then the marl becomes gradually and completely mixed up
with the coal until the coal becomes finally tailed out (something as

shown in the sketch on A* s, PI. XIY.).

Finding the Top Coal cut off at such a great distance from the

point where the Eandle and Clod Coal is stated to have been cut off

(nearly a mile to the south-east), and the vertical depth from the

1. Blue-flat

2. mite-flat
both lying between the Yard and Big Flint Coals.
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top of the Top Coal to the bottom of the Clod Coal being 150 feet,

I concluded that the Symon fault was a gradually denuded surface

of the coal-seams and intervening strata, assuming that the coal-

seams were originally deposited in a horizontal position or nearly so

(this was before I had seen Mr. Prestwich's paper and sections).

To show the matter more clearly to myself, I obtained from time

to time (through the kindness of the bailiff who had superintended

the sinking of several of the pits in the Malinslee and Stirchlee pro-

perty) the detail of the strata sunk through in five of these pits

{b, c, d, e, &f on the section and map), being nearly in a straight line,

nearly true north and south. I constructed the Section A, having

previously ascertained, by levelling, the relative heights of the

several pit-mouths above the top-water in the Shrewsbury Canal at

the entrance to the Stirchlee Tunnel (the canal is now converted into a

railway), allowing for the height of the pit-mounds as near as I could.

The main faults (Section A) are shown from their generally known
throw or vertical displacement and the depths of the pits combined

(there are a great many minor faults up anddown,which are not shown
on the section) ; from the depths of the pits the " dip" or inclination

of the strata is also derived.

In 1856 having occasion to report on some property near Madeley,

and immediately adjoining the Stirchlee Royalty on the south, I

obtained a detail of the strata sunk through at Halesfield Pits, near

Madeley, which pits happened to be, according to the Ordnance-map,
nearly on the same straight line (continued from e through/). The
Halesfield Pit is marked g on the section and map, and, from the

information I received at the time, I constructed that part of the

section northwards to the Limestone-fault (J on section and map).

Between the Limestone-fault and a little south of pit / is at present

unexplored ; but should the Limestone-fault have the upthrow north-

wards of 70 yards, as I have been informed, there must be another

downthrow fault southwards somewhere in the blank or unexplored
part. The Section A shows three main faults, which run nearly

parallel to each other from south-west to north-east (as shown on
Map D). The first, in Stirchlee Royalty, a little north or left of

pit e, has an upthrow north of 50 yards ; the second, a little to the

left or north of pit b (the Lightmoor fault), has an upthrow north
of 130 yards. In 1858, having to report on the minerals under the

Oakengates Tunnel of the Shrewsbury and Birmingham Railway, I

obtained the depths (to the coals only) from the surface, and the level

of the pit above the canal-water, at a pit close upon the tunnel,

called the Greyhound Pit, which according to the Ordnance-map is on
a straight line north with the pits e and b in Malinslee Royalty.

The position of the Greyhound Pit is marked a on the Section A
and Map D. A little to the north of the pit a is the third main
fault, having an upthrow north of 30 yards ; I show these coals

with a less dip than the other parts of the section, but without any
very positive data to determine the same. The fault near to pit g
(i on Map D and Sections A & B) is a cross fault running from north-
west to south-east, and has a downthrow north of 30 yards ; the
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Limestone-fault runs nearly due east, and has an upthrow north (as

stated) of 70 yards. The other faults shown on Section A are mostly
cross faults, running between the main faults ; that at I on Section

A and Map D having a rise N.W. of 11 yards, and m a downthrow
north of 30 yards. The Section A is on a scale of 12 chains, or 792
feet to an inch horizontal, and 200 feet to an inch vertical.

There is, except in some few instances, scarcely any perceptible

dip of the strata, as in working the minerals the horse-roads are

driven in all directions ; still the general dip appears to be from
south-west to north-east. The Section A, by the depths of the pits,

shows the dip from south to north at an angle of 2° 28', or 1 in 25.

Looking at the Section A, it conveys but a very indistinct notion

of the denudation or Symon fault, in consequence of the dip and
the slip-faults. It therefore occurred to me that it would not be

an unwarrantable geological liberty to assume that the coal-beds

were originally deposited in a horizontal position, or nearly so ; and
that the true nature of the denudation or Symon fault might be

more clearly shown by plotting the 'several sinkings upwards, taking

the Little Flint or lowest workable coal as a base. Such is shown in

Section B. The dark line at the top corresponds with the present

surface-line on Section A (without reference to the dip of the strata on
Section A). That part of the Section B, from point E, about 180
yards south of pit /, to pit b, on the north, shows the denudation

(or cutting off of the coals and several strata above) up to what is

locally called the " Calamincar," as actually proved by the sinkings,

—

the Top Coal being cut off at a point about 2100 yards north of pit /,

the Double Coal (28 feet below the Top Coal) at about 1100 yards,

the Yard Coal (8 feet below the Double Coal) at about 770 yards,

the Big Flint Coal (25 ft. 9 in. below the Yard Coal) at about 440
yards—all north of pit /,—and the Stinking Coal (47 feet below the

Big Flint Coal) close to pit /; from point F, Section B, to pit g
may also be taken as proved. Between E and F, a distance of

about 1300 yards is assumed (on Section B), and I think may be

fairly so, when we take into consideration the identity of the strata

at pits / and cj. The present depths of the pits to the Little Flint

Coal are as follows (some of the pits are not sunk to the Little Flint

Coal, but the distance below the Clod Coal is pretty uniform) :

—

at pit b, 751 ft. 9 in., in which the Top Coal and all the coals below

are found; at pit c, 669 ft. 1 in., and pit d, 492 ft. 9 in. ; in these

two pits the Top Coal is absent, but all the other coals are in.

Pit e is 593 ft. 1 in. ; but here the Top, Half-yard, Double, and Yard
Coals are absent, the others below being in. Pit /is 489 ft., but the

Top, Half-yard, Double, Yard, Big Flint, and Stinking Coals are

absent. Pit g is 836 ft. 10 in., with all the coals in, but more
divided than at pit b; the two detached sections at C, 60 feet

to an inch, show from the top of the Top Coal to the bottom of

the Little Flint Coal; that on the left (p) being at pit b, and that

on the right (q) at pit g ; in the space (r) between are shown
the connexion and subdivision of the strata : pits b and g are

4484 yards apart. The top of the Top Coal at pit g is at present
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somewhere about 147 ft. 6 in. below the top of the same coal at

pit b. From the top of the Top Coal to the bottom of the Yard Coal

(including four coals, 14 ft. 9 in. thick) at pit b is 40 ft. 9 in., whilst

at pit g it is only 11 ft. 7 in., and the four coals are only 9 ft. 4 in.

thick ; the Half-yard, Double and Yard Coals being respectively

lft.6in., 1ft. 8 in., and 1ft. 8 in., which at pit b are 1ft. 6 in.,

6 ft., and 2 ft. 9 in. From the bottom of the Yard Coal to the bottom

of the Big Flint at pit b is 25 ft. 9 in., whilst at pit g the distance

is 89 ft. ; there is actually no Big Flint Coal in pit g, bat it is found

close to on the north of the pit; there is also no Blue Flat nor White
Flat Ironstone of consequence at pit g. From the bottom of the

Big Flint Coal to the bottom of the Stinking Coal (4 feet thick) at

pit b is 47 ft., the Pennystone Clod above the Stinking Coal

being 20 feet thick. At pit g the distance between the two coals is

only 19 ft. 6 in.,—the Stinking Coal being only 1 foot, and the Penny-
stone Clod 5 feet thick. From the bottom of the Stinking Coal to

the top of the Clunch Coal at pit b is 27 feet, and at pit g it is

18 ft. 6 in., the space between being called the Chinches. From
the top of the Clunch Coal to the bottom of the Clod Coal at pit b

(five coals, 9 ft. 6 in. thick) is 13 ft. 6 in., and at pit g (eight coals,

12 ft. 5 in. thick) it is 39 ft.. From the bottom of the Clod Coal

at pit g, to the bottom of the Little Flint Coal (1 ft. 6 in. thick) is

13 ft. 6 in., and at pit g it is 21 ft. 6 in., the Little Flint Coal being

2 ft. 3 in. thick. The total depth from the top of the Top Coal to

the bottom of the Little Flint Coal at pit b is 167 ft. 6 in., and at

pit g 198 ft. 7 in., or 31 ft. 1 in. more. The total thickness of coal

at pit 6 is 32 ft. 9 in., of which 29 ft. 3 in. is worked at present, and
the remainder will no doubt be worked at some future period. At
pit g, the united thickness of coal is 29 ft. 9 in., of which 19 ft. 7 in.

may be taken as workable, the other seams being too thin to be ever

worked profitably.

The first stratum or measure above the Top Coal, which is per-

sistent throughout the several sinkings, is locally called the " Cala-

mincar " (No. 12 on Sections A & B). It is found in all the pits (in

pit d merely a trace), and is of a variable thickness from 1 to 15| feet

;

it is of a mixed red, blue, and yellow colour. At pit Z' it is 33 feet

thick, pit Z" 48 ft. thick; pit Z'" 22 ft., and pit Z"" 16 ft. 6 in.

From the bottom of the Calamincar to the top of the Top Coal at

pit b is 92 ft. 6 in., and at pit g 59 ft. At pit / the Calamincar rests

upon the flint rock, which is 62 feet below the Top Coal at pit b,

and 94 ft. 9 in. at pit g (difference 32 ft. 9 in.) ; from the bottom of

the Calamincar to the bottom of the Little Flint Coal at pit b is

260 ft., and at pit g 256 ft. 11 in. (difference 3 ft. 1 in.) The strata

between the Calamincar and Top Coal at pit b gradually diminish

southwards till at pit e none of them are found ; neither are any of

the coals and intervening strata from the Top Coal to the bottom of

the Yard Coal in that pit, the Calamincar resting upon the top of the

Blue-flat Ironstone-clod. At pit d the Half-yard Coal is represented

by " shimmy or slaty measures " 2 ft. 6 in. thick, the Top Coal

being denuded or cut off by the Symon fault between pits b and c,

VOL. XVII.
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and the Double and Yard Coals between the pits cl and e. It would
appear that a surface at one time existed, rising from the top of the

Double Coal Rock (which occupies the space between the Double
Coal and Half-yard Coal, above) at pit cl to the top of the Ballstone

Clod (above the Top Coal) at pit b at an inclination of about 1 in 50,
or an angle of 1° 15', and that the strata from the Ballstone Clod up
to the Calamincar were subsequently deposited on that surface, and
which were again partially washed away down to the Flint-rock at

pit /, on which the Calamincar rests, the Mint-rock resting upon
the Upper Clunches—the Stinking Coal and Pennystone-measures
having been denuded previous to the deposition of the Flint-rock, as

shown by the small depression in the section. Above the Calamincar

comes the Rough Rock, very uneven in the bottom and irregular in

thickness (15 to 51 ft.; average 28ft. 9 in.); and in many places

it is a complete conglomerate. Above the Rough Rock comes the
" Brickman's Measure," brickmaking-clay 6 to 15 ft. thick. Imme-
diately above the Brickman's Measure there are two clods or clunches,

together from 5 to 15 feet thick, including two coals in some of the

sinkings, 1 foot thick each. Above these clunches come "strong

binds," and rock of variable thickness (72 ft. at pit b, 80 ft. at pit c,

78 ft. 6 in. at pit cl, 67 ft. 6 in. at pit e, 29 ft. at pit /, and 97 ft. 4 in.

at pit g) up to two coals which occur in all the sinkings, 1 foot thick,

with fire-clay between and clod below, from 3 ft. 6 in. to 8 ft. 9 in.

thick together. Immediately above these small coals is the Stinking

Rock, varying from 49 ft. to 61 ft. 6 in. in thickness—average

52 ft. 6 in. ; it is at this rock that the water is coffered or tubbed

back throughout the district. Above the Stinking Rock there are

clunches and rock-binds from 48 ft. to 84 ft. 6 in. thick—average

69 ft. At pit g two coals occur in the same, 6 inches and 3 inches

thick respectively. In some of the sinkings these clunches are

divided into many parts—in others they are not divided. Above
these clunches comes a rock, called the Thick Rock. It is described

as " rock " in all the sinkings, except pit c, where there is 20 feet of

" dark sticky shades and clod ;
" it is 51 feet at pit b, and gradually

thickens up to 90 ft. 4 in. at pit g—average 67 ft. 8 in. Above the

Thick Rock come clunches and clods 45-81 feet thick—average,

58 ft. 3 inches ; at pit g, 18 ft. above the Thick Rock there is a coal

8 inches thick. Next above these clunches comes the Top Rock,

described as rock in all the sinkings where it occurs, but pit b ; it

is 27 ft. at pit g, 24 ft. at pit/, 27 ft. at pit e ; it is not in pit cl ; it

is 57 ft. thick at pit c, and at pit b 24 ft. of rock, but 57 feet,

including 33 ft. of red chinch, white clod, and brown clunch. It

is quite possible that close attention has not been paid by the sinkers

to the divisions in pit c, and that a stratum of clod and clunches

exists in that pit not taken notice of, seeing the uniformity of the

rock itself in pits b, e, f, and g. Above the Top Rock at pit g there is

3 ft. of blue clunch, and above that 135 feet of red clay ; at pit /
there is 15 ft. of clay and earth ; at pit e 49 ft. of blue and red clay

above the Top Rock, and at pit b 33 feet of blue and red clod and

clunches with a chance- coal 1 ft. thick. I have not been able to get
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any specimens from the strata above the Calamincar to determine

the era, &c* ; but from the appearance of the rocks exposed to vieAv,

and the many coals interspersed, they appear to me to belong to the

true coal-measures ; on the Geological Survey Map they are coloured

as belonging to the coal-measures. The Sections A and E are on too

small a vertical scale to show at the several pits in detail the several

divisions as given by the sinkers. At pit b, from the surface to the

bottom of the Little Flint Coal there are 68 divisions, and at pit g
89 divisions.

The table on pp. 464, 465 shows the depths from the present sur-

face to, and the thickness of, the main measures (the clunches not in

detail) at pits b, c, d, e, f, and g.

From a general review of all the circumstances, there can be no

doubt that the Great Symon fault, as shown by Section B, and
proved by actual facts to the north of pit /, indicates the existence

of an old valley or estuary of denudation of the coal- and ironstone-

measures, in which subsequently other strata of the coal-measures

were deposited ; and that these were partially washed away again.

The deepest part of this old valley appears to me to be somewhere
about pit /, where the coal-measures have been washed away as deep

as the Upper Cluncbes below the Stinking Coal, and where the Flint-

rock rests immediately upon the Upper Clunches, which occur in all

the sinkings, and varies from 13 to 27 feet thick—the average being

21 ft. 7 in. The information that I have been able to obtain as regards

the Handle and Clod Coal soutb of pit f leads me to the conclusion

that the Symon fault has never entirely cut off that coal and the

three coals immediately above ; and that the working of the Handle
and Clod Coal in a southward direction was given up partly in conse-

quence of the coal being a little deteriorated by the denudation,

partly from the inflammable gas being more abundant, and from
there being plenty of coal northwards of pit / to work, and less

faulty : besides, to work further south would require more sinkings,

whilst there were plenty of pits to obtain the said coal (then consi-

dered the best furnaee-eoal) to supply the furnaces which were at

that time at the extreme north end of the (Mate with which I am
more particularly acquainted ; and as we find the whole of the coals

at pit g but slightly altered as to their relative position and thickness,

with the Calamincar and the several rocks and clods above (which
there can be no difliculty in identifying with the strata sunk through
at the other pits), there is every reason to suppose that the coals

come in again southwards of pit /, something in the manner repre-

sented in Section B, but of course altered by the dislocations and the

dip. Assuming such to be the case, there is every probability of

an area of coal and ironstone being found (at least it is to be hoped
so) at a workable depth in the district, and possibly underneath

the Lower New Red Sandstone, where hitherto none was ex-

pected by the practical workers. I express this opinion from the

* Mr. Prestwich has treated of the strata and their fossils fully in his memoir
above cited, pp. 444-446, &c.

2 I 2



464 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [April 24,

S

aooH^i> (Sh^oooob
• QON"*ON OS CO b- CD (M WO

«S co oi co os o os i-hi-hi-h

© Tt< to eo co cd

CCOiOOhOh O

flOOt

J* no I

O CO o o
o eo os 10

o o o
ifi <M v£5

flOOOOffl CDCDCOOOOO

.t! b- 00 OS CO CO b-O iC b-

CO OS CO O O CO

CO CO 00 iO >o b-

flOOc O C O CO

-* co

o o o o o o

CO O CD

co »n

CO o o o
,—

i CO CO CO

COiOOOO OOOOOOOOOCDCOCOCOOO CD

°P !2 00 03I>C100hOOhht)(-#hO(D iO« * OT S O * b-

p, be

: oo ; os •

• CO . <M •

b- : eo
b- . CO

: b-os ^
CO CD

* os i oo
: b- .co

• eo 1 »o :

: :

-I co co
eo -i- oo
co co co

,
o

CS CD

** TTI

No.

d
pit.

Wharf.

ft.

in.
os

CO

O
os
OS

CO CD O
(M b-m
OS O 01
Ol CO CO

.° °
•

; h O •

: : io o
co co

o eo eo eo os os os OS
_
os co co

No.

c
Law eo co

ia
CM

eoo
CO

i-i b-b-
OS OS ^
eo co ^

; b- OS O :

. Ol 0-1 CO
LO if3 iO

pit.
Hill OS OS OS OS os os os OS eo

_
eo os os

= 12z = 45 3 . b-
00

CD
CO
(M

<M

eo

© -<
O) CO 00

Tf T+t
oo

CD CD CO

'.Sod

•C IS O T3

5 o 2^
_Q a! »-, Z

X r- X E- — x;
°£g o 5 o< ga.2© os^oo o

4) T5

£ 3



1861.] SCOTT SYMOiST FAULT. 465

00 o .sooo
CD I 01 8

(M O CO CO O O OI tp o
—< CS g CO iO *-H CO

—
CO -S i-h r-H g

01

9

e

e

•• • l^oo oi
•• qaunjo o

I

*

9

epnic
l
Bu

^O"J i-i

1

\-eoo

qaunp

Ol © i-h tP ICO Ol co
CO
oo

s
^.

s I

—Y~ r-

. . .© . .© o o o o tPtPOOOOI©©© o
:

. : : t- : :

• ' • .-h CM
CM fM tP

1-H

OS

T?

.0500000 O CO TjH CO tp co oo . o o oo
: t~ TP 00 CO TP tP
" i-l i-H —1 CM

01 (M r-H HO« •' Ol tP CO Ol
1—

t

OS
id

OB390000 o CO CO Tp tp CM O . O O O 00 CS

co io tp m co tp o
CM rtCl CM

CM CM i— i-H O CO : cm co oi i-h
0-1

CS
TP

O SO o o © o o CO CO Tp
1

CO O . O O O CO 1-H

CO CO iO fr- CO tP CO
CM _ cm i-l

M OI 1-H hO« • CM CM O i-h
OS
CO
CO

0)0100000 O CD o o TP
1

CO O . Tt< O O CO OS

cq Ol CM CM
CM CM 01 i-H HON •HNOrt 1-H

t?

co .t*<tp _© tP UO CM Tfl
.

tP CO o
i oo oo j co

tp . co co : m :

CO fc~t- t-

CO CO
CO
t>

COO
co

i-H

oo

•Th
' oo

OS tHH CO
co oo

CO
co
00

.
° CO CO CO CM

_
O O O o

: : -co :
•

::::©::: 5
tP
iO
TP

O
CO
TP

01o
Tp

: "03 1-H

00
TP T?

os

22TP

_
as co _ co 05 cs t- lO ?—

1

i—H i—

1

i-H

•
i oo co • os •

. . CO OS . iM .

i*i tP O iQ
"0

o
COo

TP
coo

co
CO

: os
. CO
iO

HO 1-H

OS
iO "0

CO
Cs
ia

co
_ os co _ co CO CS os

1^ -KJO '.CO •

co • os o -co .

CO CO iT* TP

01 WO

TP

OS
CO
TP tP

CS 1-H

1- OS
TfH TH

Ol
OS
tP

co
(

cs os _
os os os os l> t-H

t— co —i ;tP •

tP . t- CO .cm .

uo »o in co CO CO

CO
tP
CO

-

CO

: oo
. IO
CO

lO CO
CD CO

OS
CO
CO

co _ cs cs
_ os OS CO CO i-H co co os

cm : i~ o • co •

cm . tp >o • os :

CO cO CO CO

TP
01

cos

<M
fc-

CM
CO

TfH
CO
t>

co
. CO

O O
Tp lO IQ

o 5

« s « d

^ d

2 o -2 So
3 ? 5l S u

' a co

>h pq pq P4 eg U HO
c

H C3WW P3 PnOOSri



466 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [April 24,

circumstances detailed above, and shall be glad if it should meet
with the support of those gentlemen of the Society who have given

more attention to geology than myself, and are consequently much
more able to explain their views and advance hypotheses more in

accordance with nature's laws : the subject is of vast importance,

national and individual.

On the Map D I have attempted to lay down by dotted lines

(t—y) the general line of denudation of the several coals, &c.

on the north side of the old valley or estuary, as derived from my
surveys and the sinkings in the Malinslee and Stirchlee Eoyalties,

and from the sinkings in other fields. . At the Castle Pits near

Great Dawley Church, the Top and Half-yard Coals are absent, the

Double and all the other coals, &c. being in ; at the Mill Pit, a little

further to the south, the Top, Half-yard, Double, Yard, and Big

Flint Coals are absent, the Pennystone and all the measures below

being in.

About half a mile north-west of pit b a pit has been lately sunk,

30 yards below the Little Flint Coal, of which the following is the

detail, measured by myself Oct. 5, 1857.
Total depth below L.

yds. ft. in. yds. ft. in.

1. Eock . 10 2 6 10 2 6

2. 6 11

3. 6 2 17 2
4. Kock 2 1 20

5. Ironstone 8" to 10" 9 20 9

6. Clod 1 10 . 20 2 7

7. 5 21

8. 1 1 22 1

9. Hard Bastard Eock with

'

rough pebbles. (Left off 7 9 30

sinking.)

REFERENCE TO ILLUSTRATIONS IN PLATE XIT.

A. Section of the strata as they at present "\

t> c
6X
^^ "r'Vi r**V •""."* Horizontal scale, 12 chains= l inch:

Sectlon of same strata as m A
f and vertical scale, 200 feet= 1 inch,

wards from the Little £ lmt 'plotted upwarc
Coal as an assumed base

C. Enlarged comparative sections of coal- 1^ QQ^ ^ Tertical
seams at pits o and g J

D. Map showing the line of section, &c Scale 1 inch= a mile.

Sections A, B. and C.

a. The Greyhound pit near Oakengates Tunnel.

b. Pudley Hill Pit, Malinslee and Stirchlee Royalties.

c. Lawn Pit

d. ^Yharf Pit

e. Cook's (or Cuxey's) Wood Pit

/. Grange Pit

ij. Haleslield Pits, near Madelcy.
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h. Level of top-water of the Shrewsbury Canal at entrance to Stirchlee

Tunnel as it existed previous to being converted into a railway.

h'. Present surface-line.

i. Fault, downthrow north 30 yards.

j. Fault, said to have an upthrow north of 70 yards.

k. „ upthrow north of 50 yards.

I. „ „ 11 yards.

m. „ down-throw north of 30 yards.

n. „ upthrow north of 130 yards.

o. „ „ ,, 30 yards.

p. Enlarged section from Top to Little Flint Coal at pit b.

q. „ „ at pit g.

r. Space between the two pits 4484 yards.

A* s. Sketch showing the Top Coal in connection with the Symon Fault.

Map D.
t. Line of denudation of the Top Coal.

u. „ ,, Double Coal.

v. „ „ Yard Coal.

w. „ „ Big Flint Coal.

x. ,, „ Stinking Coal.

y. „ partial denudation of the Handle Coal.

Z. Western limit of Lower New Red Sandstone—Geological Survey.

Z'. Forge Meadow Pit—Calamincar 33 ft. thick.

Z". Wood Pits „ 48 „
Z"'. Spout Pits „ 22 „
Z"" EaudleyPit „ 16 ft. 6 in.

Z5
. Railroads.

Sections A & P>.

1'. Red clay.

1. Blue and red clod and clunches

with a coal at pit b.

2. Top rock.

3. Clunches and clods.

4. Thick rock.

5. Clunches and rock-binds.

6. Stinking rock.

7. Fire-clay clod and coals.

8. Stony binds and rock.

9. Clunches, with coals.

10. Brickman's measure.

11. Rough rock.

12. Calamincar (the first persistent

stratum above the principal

coal-seams).

13. Rock-binds and clod.

14. Ballstone (ironstone) clod.

15. Top coal.

16. Bass and slaty measure.

17. Half-yard coal.

18. Double coal rock.

19. Double coal.

20. Yellowstone (ironstone) clod.

21. Yard coal.

22. Blue-flat ironstone clod.

23. Pitch of basses (rock at pit g).

24. White-flat ironstone clod.

25. Big flint coal.

26. Flint-rock.

27. Pennystone (ironstone) clod.

28. Stinkisg coal.

29. Clunches (fire-clay).

30. Clunch coal.

30'. Two-feet coal.
30". Best coal.
30'". Randle and clod coal.

31. Clunch and hard rock.

32. Little flint coal.

Mat 8, 1861.

Eobert Mills, Esq., F.S.A., Rochdale ; Eclmiind William Ashbee,

Esq., 14 Eutland Street, MorniBgton Crescent; and Captain

Willoughby Osborn, C.B., Madras Army, were elected Fellows.

The following communications were read :

—
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1. On Two Bone-caveens in the Montagne dtt Kee at Massat, in the

Department of the Ap.iege*. By M. Alfred Fontan.

(Communicated by M. Lartet, Foreign Memb. Geol. Soc.)

[Abstract.]

The Valley of Massat, situated near the centre of the Pyrenees,

opens to the west between two lofty mountains, which, at first

approaching each other, spread out and diverge as they extend on
the south-east towards the mountain-range of which they are the

ramifications, so that in this direction the valley has no outlet. It

thus forms an elongated basin, of a triangular form, the base of

which extends along the side of one of the great spurs of the Pyre-
nees (see fig. 1), whilst the apex forms a narrow and winding gorge

which affords the only outlet for the waters of the valley.

A short distance above the spot where the basin commences, namely
on the western side, near the apex of the triangle, a high mountain
of limestone rises up, which, advancing abruptly into the valley, forms

an elevated promontory, against which the torrents or diluvial waters,

which appear to have inundated this region at one or several remote

periods, must have rushed. It stretches out almost at a right angle

from the southern side of the basin
;
and, exactly where it extends

furthest into the basin, its crest forms a mound or hillock, the

summit of which is considerably more elevated than all the sur-

rounding heights. The whole of this mountain, which has been
violently disturbed and disjointed, is bare, and is filled with fissures,

crevices, and deep hollows or grottos, the principal galleries of which
extend from N.N.W. to S.S.E., parallel to the longitudinal axis of the

valley.

Amongst these caves two are remarkable on account of their

extent.

One of them, situated near the summit of the mount, at an ele-

vation of about 100 metres (330 feet), above the bed of the valley, is

approached by a spacious vestibule, or outer chamber, with two large

and lofty circular entrances, one of which faces the north, the other

N.N.W. (see figs. 1 & 2). The soil of the outer chamber, which,

like the rest, was devoid of all stalagmitic concretions, was smooth

and horizontal, rising above the sill of the entrance. "With the ex-

ception of a small portion near the N.N/W. entrance, where a few

fragments of pottery were found, mixed with cinders and coal, it

presented the appearance of an abandoned river-bed. A sandy loam

sprinkled with gravel or small rolled pebbles occupied the centre

;

whilst at the edges against the wall of rock, larger but similarly rolled

pebbles appeared to have been thrown up by the eddying or movement
of the water. These deposits continued in the same way for a di-

stance of a hundred metres along the principal gallery, only dimi-

nishing in thickness as they extended further inwards, and entirely

ceasing at the further end.

This arrangement, combined with the presence, at such a consider-

able elevation, of rolled pebbles, most of which were different from

* A brief notice of tins subject is given in the Quart. Journ. Geol. Soc.

vol. xvi. p. 491

.



1861.] FONTAN BOXE-CAVEKNS OF MASSAT. 469

Fig. 1.

—

Plan of the Valley of Massat, near Tarascon, in Languedoc;
shoiving the position of the two Caverns in the Montague du Ker.
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Fig. 2.— View (from the north-west) of the Montagne clu Ker,

showing the entrances of the Upper and the Lower Caverns.

the rocks of "which the mountain consists, appeared to the author as

solely attributable to those diluvial cataclysms which geology points

to as having occurred at several periods anterior to historical tradition.

In order to understand these facts, he determined to study the nature

of the deposits ; for which purpose he caused a deep trench to be

dug in the soil near the northern opening, and extended it to the

lateral walls. The result of this first attempt was the discovery of

a large quantity of bones of Camivora, Ruminantia, and Rodentia,

amongst which were most abundant the great Cave-bear described

by Cuvier, a large species of Hycena (_£T. spelcea), and a large Felis

(tiger or Hon), all mixed together, rubbed, and broken, giving evi-

dence of a distant transport, or at least of a violent displacement.

Besides the cinders and charcoal at the surface (with which were

associated fragments of pottery, an iron poignard, and two Roman
coins), another bed of cinders and charcoal was found at a depth of

more than three feet in the ossiferous loam, and here M. Fontan
found a bone arrow-head and two human teeth (fig. 3) ; the latter

were at a distance of 5 or 6 metres one from the other.

Fig. 3.

—

One of the two Human Teeth found in the

Up2>er Cavern, Montagne du Ker, Languedoc.

The second or lower cavern is situated at the foot of the mountain,

close to the road, at an approximative height of 20 metres above

Fig. 4.

—

Bone Arrow-head from the Lower Cavern, Montagne du
Ker, Languedoc.

the bed of the river (see figs. 1 & 2). Its only opening (which,



1S61.] EONTAN BONE-CAVEENS OE MASSAT. 471

like those of the upper cavern, is contrary to the present direction of

the water) leads into a tolerably spacious chamber, the ground of

which consists of a blackish earth and of large rolled pebbles (some

of them granitic), amongst which are scattered, in the greatest con-

fusion, fragments of bones belonging to animals either of extinct spe-

cies or of such as have for the most part long since ceased to inhabit

these regions. They belong principally to Deer (Oervus elaplms),

Antelopes, and Aurochs; and there were a few remains of feline

Carnivora (apparently a Lynx). Amongst these were found worked

flints and numerous utensils of bone (deer's bone chiefly), such as

bodkins and arrows ; the latter were the most numerous, and are

carved with oblique grooves, probably for poison (see fig. 4). Some
of the bones bear marks of incisions made by sharp instruments in

flaying or cutting up the carcases.

In each cavern a chasm crosses the gallery and terminates the

deposits ; in the upper cave at 100 metres, in the lower one at about

7 metres from the entrance.

M. Eontan argues that rain-water could not have introduced nor

arranged the deposits within these caverns ; and that the position of

the entrances of the caves (facing the N.W.), and the presence of the

fissures which cross the caves, preclude the idea of the waters of any
torrent from the Pyrenees leaving these deposits on the floors of

the caverns. He observes, " From all these phenomena, the most
striking feature in my opinion is this, namely, that the Valley of

Massat appears to have been at one and perhaps at several periods

the theatre of a vast inundation coming from the N.N.W. or West,
in the opposite direction to that of the present course of the waters

of this region." " The fact of a flood produced by torrents

capable of filling up this valley is not a simple accidental occurrence

to be explained by causes purely local. If it existed, similar effects

must have been produced in all the neighbouring regions, and must
even have extended to a great distance. It would have been a true

deluge, destroying everything on its passage
;
and, as history is silent

on the subject, we cannot believe it to have been of recent occurrence.

If then the entombment of human remains under the upper bed of

cinders and charcoal is to be attributed to this cause, the appearance

of man in these regions would date from a very distant period."

"In conclusion (says the author) we may deduce from these facts,

—

1st, That a diluvial current penetrated into the Valley of Massat,

coming from N.N.W. or West towards the S.S.E. or East. 2ndly,

That this current did not continue for a long time. 3rdly, That Man
and all the other animals the remains of which are' buried in these

caves existed in the valley before this cataclysm. 4thly, That the

greater part of these animals inhabited these caves ; from whence we
must suppose that Man was not the contemporary of all of them. In
fact we cannot admit that he lived in this narrow valley at the same
time as the Lions, the Hyaenas, and the Bears ; we cannot even admit
that all these animals existed there at the same time, either because

they do not usually inhabit the same climate, or because their habits

are incompatible. Each kind inhabited the cavern successively ; and
Man was probably the last. When he appeared there was probably
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ft
ft

nothing remaining but the Deer and other Ruminants, which would
satisfactorily explain why the tools which have been found were
made exclusively from the bones of these animals."

List of objects found in the two Caverns above-mentioned, according to

M. Laktet.

Tiger or Lion Fragment of a lower jaw, and
3 or 4 detached teeth.

Lynx Half of a lower jaw.

Hyaena (H. spelcea) Several teeth and ungual pha-
langes.

Bear (Ursus spelceus, Cuv.) .... A great number of teeth and
various bones.

Badger Three fragments of the jaw and
a few detached teeth. (These

remains appear to be more
recent than those of other

species.)

g ^ Wild Boar Five or six teeth.

Sheep or Antelope Two teeth.

Roebuck Half of a lower jaw.

Dog, Fox, or "Wolf Incisor and molar teeth.

Rodent (Mas sylvaticus) .... Several teeth and fragments of

a jaw.

Water-rat Half of a lower jaw.

Hedgehog (Erinaceus europatus) Half of a lower jaw.

Two human teeth and an arrow of bone. (This arrow has

been lost, and M. Lartet has never seen it, so that it is impos-

sible to say whether it was made of the bone of a Ruminant
like those found in the lower cavern (fig. 4), or of the bone of

a Carnivorous animal.)

\ Cinders and Charcoal.

(Bear (probably the existing

Bear of the Pyrenees) .... A fragment of a lower jaw.

Lynx Lower canine tooth.

Cat (Felis catus) Two or three fragments.

Deer (Cervus elaphus) Numerous antlers, sawn and
carved bones, all of which
have been intentionally broken,

many jaws, and a few scat-

tered teeth.

Ox (Bison prisons) Half of a lower jaw, and horns.

Goat or Ibex Many remains.

Sheep or Lesser Moufflon .. A few bonesand fragments ofjaws.

Chamois (Antilope rupicapra) Maxillary bones, jaws, and bones;

and a horn showing marks that

the animal was skinned in a

fresh state.

Birds (Magpie and Jay) .... A few rare fragments.

Wild Boar A molar and a few fragments.

o
Hi
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Remains of Human Industry.

Several bones of Ruminants, chiefly of Cervus, worked up as

£ <( arrows and carved with spiral grooves, needles, coins, harpoons,

bodkins, <fcc. Two vertebrse of a large Fish resembling those of

the Cod-fish, and fragments of chipped flints. There were also

some specimens of white flint chipped into the form resembling

what are called " knives."

Note by M. Laetet, For. Mem. G. S.

I regret that M. Fontan has not inserted here, as in one of his

former communications, any notice of the Megaceros JJibernicus*: it

is true that when I recently made some excavations in the lower

cavern of Massat, I did not find the slightest fragment which ap-

peared to belong to this large extinct Ruminant
;
but, as there was

found amongst the objects formerly collected by M. Fontan, a frag-

ment of a palmated antler referable to the Megaceros Hibernicus, he

would, perhaps, have been of opinion that it should have appeared in

one of these lists. The existence of remains of this fossil Deer has

been proved in other spots at the foot of the Pyrenees, so that there

would be nothing improbable in its occurrence in one or the other of

the caves of Massat. With regard to the Cervus pseudovirginianus

(M. de Serres) mentioned in the former lists f, I have myself sug-

gested its omission, because the distinctive characters which led me
to adopt this species do not now appear to me to be sufficiently made
out, and they depend, if I am not mistaken, on mere varieties of form
attributable to a difference of age or sex.

2. Notes on some Ftjethee Discoveeies of Flint Implements in Beds

of Post-pliocene Geavel and Clay ; with a few Suggestions for
Search elsewhere. By Joseph Peestwich, Esq., F.R.S., Treas.G.S.

[This paper was printed in the August Number of the Quarterly Journal (p. 362)
by permission of the Council.]

3. On the Coebicula (or Cyeena) fltjminalis geologically considered.

By J. Gwyn Jeffeeys, Esq., F.R.S., F.G.S.

[Abridged.]

Me. Jeffeeys having stated that he had identified the species of

Corbicula found by Mr. Prestwich in a raised sea-beach at Kelsey

HillJ, in Yorkshire, with that of the Grays deposit, as well as with
the recent species from the Euphrates and the Nile, proceeded to

* See Quart. Journ. Geol. Soc. vol. xvi. p. 492.

t Loc. cit.

% See above, page 440.
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give a sketch of the history and synonymy of the species under con-
sideration ; and he added some remarks which follow.

In 1774, 0. F. Miiller (the celebrated Danish naturalist) described,

in his ' Verm. Terr, et Fluv. Hist.' p. 205, a shell from the Biver
Euphrates, under the name of fellinaJluminalis. His description

exactly corresponds with the triangular form of tbe fossil shells from
Kelsey Hill and Grays. In 1811, Megerle v. Miihlfeldt founded on
this and other allied species the genus Corbicula; which name is

now adopted by conchologists. In 1818, Lamarck proposed for the

same species the generic name of Cyrena; apparently not being
aware of Miihlfeldt's publication.

Many recent species of Corbicula (or Cyrena) have been described

by Lamarck, Ferussac, and others. The most westerly station given

by any of the conchologists is the Nile. Goldfuss, Nyst, Galeotti,

Philippi, Searles Wood, and others have also described many Tertiary

species of Corbicula (or Cyrena) under other names. The most
easterly locality given by any of the palaeontologists is Cefali, near
Catania. It is, however, highly probable that most of these species,

whether recent or fossil, ought to be united.

The tendency to variation in freshwater shells is very much greater

than in their marine analogues. Almost every river, or piece of stand-

ing water, yields a different form of Anodonta cyynea, or of Limnceus

pereger ; and the number of " species " that have been fabricated out

of these forms is astonishing.

The range of locality or station among freshwater shells is equally

great, and far exceeds that of marine shells. A species of Physa
which inhabits the West Indies, and called Physa Jamaicensis,

cannot be distinguished from a variety of Physa acuta, a well-known
European species ; while species of Limnceus, Pisidium, and other

freshwater shells from the East Indies, and even from Siam, so closely

resemble in every respect those of Western Europe, that it is only by
calling them " representative " species that any pretence for distinc-

tion can be maintained*.

Taking, therefore, into consideration the extreme variability and

ubiquity of freshwater shells, it is not surprising that the Corbicula

Jluminalis should have at one period inhabited that part of the Euro-

pean continent which now constitutes Great Britain as well as Sicily

and the valleys of the Euphrates and Nile. Even in the case of

marine shells, nearly one-half of the species which now inhabit the

Mediterranean also exist in our seas, while many other British spe-

cies occur in Sicily in a subfossil state ; thus showing that the area

of distribution was once more extensive than it is at present, and

that it has been since limited by climatal or other causes. From
Sicily to the mouths of the Nile the distance is not considerable.

* Since writing tbe above, I find that at a Meeting of tbe Zoological Society

of London, held on tbe 8th of July, 1856, Mr. S. P. "Woodward made a very

interesting and important communication on this subject. In giving a list of

some land and freshwater shells from Kashmir and Tibet, which Dr. T. Thomp-
son had collected in the Himalaya, Mr. Woodward noticed that "one half

were British species, and the rest of the commonest and most widely diffused

Indian forms."
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Some minor facts in relation to Mr. Prestwich's discovery may be

worth noticing.

One is, that the beaks of the shells in question are not eroded,

as is generally the case in recent specimens. From this I should

infer that the chemical nature of the water in the ancient river or

estuary inhabited by the Corbiculct was different from that of the

water which composes the Euphrates or the Nile.

Another is, that the size of the semi-fossil shells exceeds that of

any recent specimens which I have seen of the same form. This

seems further to exemplify a fact which I have elsewhere noticed

;

namely,that when any species of shell is distributed over a wide area,

having a northern and southern range, northern specimens are larger

than those of the same species from southern localities.

The former existence of the Corbiculct in this country does not

warrant any inference that the climate must have been warmer
during that period than it is at present, or that the Gorbicula (to

use a vague phrase) " retreated " south after the glacial period. It

more probably was contemporaneous with the Natica clausa and
other shells called " Arctic

;
" some of which have survived, while

others have become extinct, in the seas which immediately surround

the British, as well as the Sicilian coasts. A similar inference as to

climate formerly prevailed with respect to the Mammoth. Changes
in the relative distribution or juxtaposition of sea and land, an altera-

tion in the depth of water or in the oceanic currents, an elevation or

depression of the land (especially if it were alternate or sudden),

the absence, diminution, or deterioration of food, the increase of

natural enemies, epidemic diseases, sterility, and many other accidents

(independently of climate and the agency of man), may, in the course

of those unknown ages which succeeded the Tertiary epoch, have
caused the extermination of many species throughout a more or less

extensive area.

Mat 22, 1861.

Silas Bowkley, Esq., Mining Engineer, Batman's Hill, near Bil-

ston, Staffordshire ; John Edward Forbes, Esq., 3 Faulkner Street,

Manchester; and Captain Francis William Henry Petrie, H.M. 11th

Regiment, Portsmouth, were elected Fellows.

Gustav Bischoff, Professor in the University at Bonn, was elected

a Foreign Member.

The following communications were read

:

1. On the Geology of a Part of Western Australia.

By F. T. Gregory, Esq.

[Communicated by Sir E. I. Murchison, V.P.G-.S., &c. &c. &c]

Introduction.—In presenting to the Geological Society the accom-
panying collection of specimens and this sketch of the geology of a

part of Western Australia, I feel that some apology is due for laying
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before them a work so imperfect in its composition and arrangement,
and I beg to state tbat I have only been induced to make the attempt
in consequence of the almost total absence of any published informa-

tion regarding the geological structure of this portion of the Austra-

lian continent*.

During a residence of thirty years in Western Australia, my ac-

quaintance with its geology has been almost entirely restricted to

the practical observation of its various stratified formations as pre-

sented to my view in the course of official and professional avoca-

tions, which led me over the whole of the known portion of this

province
;
but, although thus enabled to accumulate a vast amount

of notes and details, I have not had the opportunity of classifying

them with any degree of certainty by the comparative study of its

geology with other countries where the nomenclature and limits of

the formations arc well-known and established. The difficulty at-

tendant upon the collection and preservation of fossils while travel-

ling rapidly through a wild country has also been another obstacle in

the way of my endeavours to assign exact limits to the several for-

mations. It is therefore only since my arrival in England that,

through the assistance obligingly rendered me by Sir R. Murchison,

Dr. F. Hochstetter, and others, I have been enabled to deduce from
my palseontological observations any certain results, which, however,

although establishing a few main facts, it must be admitted leave much
yet to be done to render them complete, and which it is to be hoped

will shortly be followed up by more scientific observers ; while the

present sketch is only to be viewed as a general outline to be wrought
upon b)T others following in the same path.

Having so far offered an explanation of the circumstances under
which I venture to present to the Society the result of my labours, it

will now be my endeavour, as briefly as possible, to state a few facts

illustrative and explanatory of the topographical and geological fea-

tures of that portion of Australia illustrated by the map and sections.

Darling Range and the Country to the Eastward.—The principal

portion of Western Australia consists of an undulating table-land of

syenitic granite, and may justly be considered more continentalf than

eruptive. It has a western escarpment, which follows the meri-

dian fine of the HGth degree of east longitude, commencing on the

south coast near Cape Beaufort, and already traced northward to

latitude 25° south on the Gascoyne River. The western edge of this

* A map and sections of a portion of Western Australia were presented to

the Geological Society by Messrs. J. W. and F. T. Gregory, ~Noy. 17, 1847 (Quart.

Journ. Geol. Soc. vol. iv. p. 142). The author also prepared a sketch-map of a

part of the geology of Western Australia (accompanied by sections), and placed

it in the hands of Mr. J. Arrowsmith, who, having engraved and published it at

his own cost, has kindly presented a copy to the Society, and liberally permitted

any use to be made of it. The sections at p. 477 are reduced from those engraved

with this map.
t Though granite may not be anywhere eruptive, yet all granite was irruptive

;

but in Australia the old covering into which it was irrupted is almost completely

removed by denudation over very large areas. The term " continental " is pro-

bably intended to express this fact by the author, whose absence in Australia pre-

vents his revision of this paper whilst in the press.

—

Edit.
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elevation, for the first 300 miles on the south, rises abruptly from a

sea-flat or plain of small elevation, to the height of from 800 to

1200 feet above the sea, gradually ascending for 200 miles to the

eastward, to 1400 or 1600 feet, and in a few instances to 1800 and
2000 feet. Further towards the east it begins to dip under beds of

saliferous sandstone, ridges of fine red sand, salt-marshes contain-

ing beds of gypsum, calcareous tufa, and felspathic clays, which are

occasionally interrupted by small detached ranges of eruptive rock

capped with jasper, and beautifully striped red and black metamor-
phic sandstones. These ranges have a sharp rugged outline, rising

abruptly from the plains to an elevation of from 200 to 500 feet,

and seldom extending for more than two or three miles in length,

without any certain direction, although, perhaps, more frequently

running N.N.W. and S.S.E.

The Western Coast.—Between the west escarpment of the table-

land or Darling Range and the sea, lies a low belt of country from

20 to 60 miles in width, the upper portion of which is evidently of

very recent formation, and at no very distant period has been sub-

merged under the ocean. From Flinder's Bay northward to the

Moore River, this tract of country does not generally attain to a

greater elevation than from 40 to 200 feet, only reaching the latter

elevation when the action of the wind has driven the sands from the

sea into ridges running parallel to the coast. Those portions con-

taining a large amount of shelly and calcareous matter have since

formed, by the operation of water, into aggregations of more or less

compact limestone, which give a rugged outline to the hills near

the sea.

Proceeding northward from the Moore River, a nearly parallel and

lower branch of gneiss from the Darling Range diverges gradually to

the westward, appearing only in a few places on the Smith and

Irwin Rivers, forming a valley widening to the north, which contains

the coal-field of the Irwin ; neither the valley nor the gneiss forms

a continuous line, being covered by an elevated tract of Cretaceous (?)

and Tertiary sandstone. The gneiss appears once more to the north-

ward in a detached mass, extending from Champion Bay to the

Murchison* River, forming the fertile and rich mineral district in

which so many valuable lodes oflead and copper have been discovered.

These lodes take an almost invariable direction of N. 32° E., with a

general dip of about 80° to the "W.N.W., and are accompanied by
parallel dykes of whinstone, quartz, or porphyry, varying from a few

feet to 50 or 60 yards in breadth.

The gneiss here abounds in garnets, of rich colour, but much
flawed

;
specimens of plumbago, tin-ore, antimony, and arsenic are

occasionally found. Specks of gold have also been obtained by wash-
ing the sands in the Bowes River.

Returning southward to Flinder's Bay, the Sussex coast shows an

outlying range of gneiss rising towards the east from beneath the

superior deposits and extending from Cape Leeuwin to Cape Natural-

iste, thus forming a bold promontory which is joined to the main-

land by a low, ferruginous, sandstone formation of recent date. At
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Cape Leeuwin the gneiss is composed almost entirely of felspar,

forming a cliff upwards of 70 feet high, capped with water-worn
blocks, the remains of an ancient sea-beach. About fifteen miles south

of the cape it dips considerably, and the red sandstone shows itself

where the brooks have cut through the superincumbent coast-lime-

stone. Thirty miles from Cape Leeuwin it contains large quantities

of garnets; and their fragments, with titaniferous iron-sand, are

strewn on the beach for some miles.

At the Leeuwin, vertical veins of hornblende traverse the gneiss,

some of them 100 feet in width. The only other locality in which
the gneiss is developed to any extent is on the Pallinup River, east-

ward of King George's Hound, and at Doubtful Island Bay, still

further east. No mineral lodes, however, have as yet been dis-

covered in these districts ; but small masses of plumbago and garnets

are not unfrequent.

Igneous Socks.—The distribution of eruptive rocks is, as shown
on the map, very general. Of basalt the chief mass lies at Bunbury,
rising about 30 feet above the sea ; it is rudely columnar, and con-

tains traces of copper in its natural joints, fractures, and cavities,

but not in its substance, leading to the belief that it cuts a copper-

lode below ; there is no rock seen in contact with it. A brown clay

adjoining contains water-worn quartz-pebbles, amongst whichlfound
an opalescent stone, the size of a large pea, marked within with
five spots in the form of a perfect cross [ehiastolite ?]. About five

miles south the basalt again makes its appearance, and at twenty miles

it crosses the bed of the Capel River, and finally crops out in a con-
tinuation of the same line on the south coast to the eastward of

Flinder's Bay. At Mundejung, 11 miles south of Kelmscott (which
is a few miles S.S.E. of Perth), there is a small patch of basalt

protruding between the syenite and clay-slate. Detached fragments

are also found at King George's Sound, and on the shores of Doubtful
Island Bay.

Quartz-veins.—Quartz-veins are by no means unfrequent at the

higher levels, and take a general N.N.E. direction. The quartz is

mostly crystalline and lustrous; and, with the exception of the

veins accompanying the lodes of lead and copper, and at a few
places on the Upper Gascoyne, it is seldom cellular or of the peculiar

opake milk-white colour which characterizes the quartz of the gold-

fields of Victoria and New South "Wales. The largest mass yet
found is on the face of the Darling Range, 5 miles north of Kelm-
scott, and forms a conspicuous mark as seen from the coast.

Slates.—The development of chlorite-sehist and clay-slate is very

limited, and chiefly confined to the western escarpment of the granite.

Silurian Hocks ?—Of the existence of the Silurian system in this

province, I have hitherto been unable to procure any positive proofs,

owing to the deficiency of fossils in the localities in which, judging

by analogy, there is reason to suppose it might occur. The Mount
Barren Ranges are the only position in which rocks are found bearing

any Silurian character, or holding that relative position with regard

to other formations.

Devonian Rocks?—Following up the formations in what I have

2 k 2
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assumed to be their regular order in the ascending series, as tabulated

on the map, we come to the compact felspathie clays, sandstone, and
ferruginous conglomerates that cap the greater portion of the table-

land of the Darling Eange,—varying probably from 100 feet and
under in thickness (fig. 1). All my researches have hitherto failed in

detecting any fossils in this formation
;
but, from its resting imme-

diately upon, and blending with the upper surface of the granite,

and apparently resulting from the decomposition of the granite

itself, I am led to believe that it is much older than the stratified

sandstones further north, or those to the south and east of the

Stirling Range, and, except in a few places in its upper portions,

lower in the system than the Carboniferous formations on the Fitz-

gerald and Irwin Eivers.

Carboniferous Rocks.—On the Carboniferous formation I would
only venture to offer the additional remark, in amplification of the

map and sections, that the coal on the Irwin River appears to be

almost immediately covered by the Cretaceous (?) sandstone, the Sali-

ferous orNew Red being either very thin or altogether wanting (fig. 3).

The coal-seams are well defined, and dip at a considerable angle

;

the specimens obtained from the exposed edges contain a large per-

centage of carbon, but are deficient in bitumen. On the Fitzgerald

River a true seam has not yet been found : the known bed is hori-

zontal, resting unconformably upon the edges of highly elevated

Carboniferous shales, and contains many distinct fragments of only

semifossilized wood and pieces of infusible resin ; it is in imme-
diate contact with a band of green sand of several hundred feet in

thickness, similar in appearance to the Upper Greensand in the Isle

of Wight ; but whether under- or over-lying, I could not ascertain

with certainty (fig. 4).

Cretaceous (?) Rocks.—The Cretaceous (?) are the most extensively

developed of the sedimentary rocks in Western Australia, and are

almost exclusively siliceous in character, containing only few beds

of chalk, of very inferior quality. They abound, however, more in

fossils than the Carboniferous do, and, with the exception of the recent

coast-limestone, more so than any other formation. Flints are rarely

found in them. The bed of the Greenough River is the best spot for

procuring specimens, although a few are found in the chalk-hills

near Gingin (spines of Echinoderms, <fec).

JEolian Rods of the Coast.—Turning to the coral-range that

borders a large portion of the sea-coast, especially on the western

shores, we have a remarkable instance of the constructive and accu-

mulative power of the wind. The peculiar formation of these hills

renders it quite evident that they are more recent than the low plain

upon which they stand, as, when cut through by the rivers, they

present a bold wavy stratification, always more abrupt inland, the

prevailing winds being from the S.W. The bivalve shells imbedded

in them almost invariably lie with their concave faces downwards*.

* In these calcareous beds the following species are (on the author's map)
stated to occur:

—

Dolium galea, Banella granifera, Solarium perspectivum,

Seraphs terebellum, Conus marmoreus, Phasianella australis, Haliotis tuberculata,

and Bulla ampulla.
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Beeent Elevation of the Land.—Of recent changes of elevation

there are hut slight evidences. The numerous beds of oyster- and
cockle-shells, just above the present sea-level, of species still existent

in the adjacent seas, tend to prove that there has been a gradual

though slight upheaval of the coast since its first emergence from
the ocean. To this may be added the fact, that the remains of a

vessel of considerable tonnage have been discovered in a shallow

estuary near the Vasse Inlet, and now quite shut out from the sea,

which, from its appearance, I should judge to have been wrecked
more than two hundred years ago, during which period the land

appears to have risen about two or three feet. This, together with
the fact that within the known limits of Western Australia there is

not a single volcano, either active or extinct, nor any but slight

evidences of volcanic agencies having been at work, goes far to prove

that this portion of the Australian continent has undergone fewer
changes than almost any other part of the world.

Conclusion.—A careful digest of the preceding facts, together

with other observations, leads to the following conclusions, which
differ but slightly from some geological notes published in the

colony some ten years ago by my late brother, Mr. J. W. Gregory :

—

First, that the Darling Range possesses no true anticlinal axis,

but is a sudden break and descent of the table-land of the interior

to the plain or sea-flat of Quartaina, which will account, perhaps,

for the non-appearance of the Silurian rocks, and for the very narrow
belt of chlorite- and clay-slates. Secondly, that the Darling B,ange

attained nearly its present elevation (that is, relatively to the other

strata, but not with regard to the sea-level) before the period of

the Coal-formation. Before the Carboniferous (or at least Upper
Palaeozoic) period, the pre-existing rocks into which granite had
been largely irrupted were so extensively acted upon by denudation

as to be almost completely removed, their present surface-outline

being nearly the same as that which they had during the Upper
Paleozoic period. On that surface the Carboniferous rocks were de-

posited unconformably. They were again denuded, and Cretaceous(?)

and Tertiary rocks were deposited unconformably on both. Since

then, the country has been both elevated and depressed, more than

once perhaps, but bodily and equably, and without tilting.

Note by the Editoe of the Q. J. G. S.

Besides numerous specimens of rocks and minerals, the follow-

ing fossils are comprised in Mr. Gregory's collection brought from

Western Australia :

—

Carboniferous fossi'.s from Irwin River (with coal):

—

Spirifer (two species). Nautilus.

Productus (two species). Cyathophyllum (small).

Pleiu*otomaria. Encrinital stems.

Spirifer from Lyons River, East of Kennedy Range.

Coal (brown-coal) from Fitzgerald River, and a fragment of a Cyathophyllum

from "above the coal."
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Fossils of Secondary age
(
Trigonice and AmTnonites) from the Moresby Eange

;

and an Ammonite in a soft, white rock (not calcareous) from the foot of

Mount Albert.

Pecten from Victoria Eange, 4 miles East of Wizard Park, Moresby Eange.

Fossil wood from the Moresby Eange, the Stirling Eange, and the Upper
Murchison Eiver.

A small Ventriculite in flint from Gingin.

2. On the Zones of the Loweb Lias and the Avicula contorta Zone.

By Chables Moobe, Esq., F.Gr.S.

[Plates XV. & XVI.]

Contents.

Introduction.

§1. Lower Lias and Ehastic Beds of the

neighbourhood of Ilminster.

Sections at Beer-Crowcombe.
Sections at North Curry and Ehap.

§ 2. Subdivisions of the Lower Lias and
Ehfetic Beds. The true position

of the " White Lias."

Dr. Wright's views of the position

of the White Lias.

White Lias at Beer-Crowcombe.
Section at Street.

Section at Stoke St. Mary.
Section at Pibsbury.

Section at Steven's Hill, near Long
Sutton.

Section at Saltford.

Other Sections in Somersetshire

—

Batheaston and Paulton.

Section at Westbury.
Sections in Gloucestershire and

Warwickshire.
Sections at Lyme Eegis.

True position of the White Lias.

§ 3. The Bhtetic Formation.

§ 4. The Rhsetic Fossils.

Description of the Fossils.

Appendix.

Introduction.—In a paper on the above subject by Dr. T. Wright,

F.Gr.S., which appeared in the ' Journal of the Geological Society ' for

November last*, reference is made to the occurrence of the Avicula

contorta zone at Beer-Crowcombe, near Ilminster, and a list of the

organic remains from thence, amounting to thirteen species, furnished

by the Bev. P. B. Brodief, is given. In the year 1847 that gentle-

man accompanied me to the locality, when the fossils thus noticed

were obtained. Since that time I have much increased their num-
ber, and I have also been enabled to establish the exact relative

position of the Avicula contorta bed, which at the time of our visit

was not clearly known.
It was my intention to have noticed in detail the sections that I

give below in connexion with a paper which I am preparing on the

Frome district, and in which I should have shown that many of the

organic remains that are deposited in the fissures of the Carboniferous

Limestone, and associated with the Microlestes and other extinct

Mammalia, are derived from the Bone-bed and other beds of the

Avicula contorta group
;
but, as some time will elapse before that

paper is completed, and as the attention of both English and Con-
tinental geologists will have been directed to the above subject by
Dr. Wright's paper, I have considered it important that any addi-

tional information in connexion with the interesting fauna and the

* Vol. xvi. p. 374, &c. t Loc. cit. p. 384.
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exact positions of these beds should be at once communicated ; and
this is the more desirable, since, unfortunately for what otherwise

would have been an excellent and useful paper, that gentleman has,

in my opinion, either mistaken or reversed the proper order of the

lowest Liassic zones—an error attending it throughout, and which,
unless corrected, may lead to some confusion.

§ 1. The Lower Lias, fyc. of Ilminster and the neighbouring district.

—Before noticing in detail the section at Beer-Crowcombe, a short

description of the geological features of the district may be useful.

These are to be observed in a walk from Ilminster through Beer-

Crowcombe to Curry-Rival, and thence passing to North Curry ; and
thus within a distance of about ten miles the formations from the

Upper Lias to the Keuper sandstones may be studied.

At Ilminster the Upper Lias forms the summit of the hills, capping

the Marlstone or Middle Lias. The former beds are rarely more
than from 6 to 8 feet in thickness, whilst the stone of the latter, for

which the quarries are worked, has an average thickness of about

8 feet. Descending the hill west of Ilminster, towards the Bridge-

water and Chard canal, which leads to Beer-Crowcombe and Curry-

Rival, the escarpment of the Middle Lias is passed, the lower

members of this zone being rarely exposed. Tbey consist of brown
and grey micaceous brick-clays, having a thickness of about 130 feet.

On reaching the level of the canal, these have graduated into the

upper blue marls of the Lower Lias ; but sections of these are also

rarely seen. In this neighbourhood they are usually covered by
thick beds of gravel, derived from the Cbalk and Greensand of the

Blackdown range, a few miles to the south.

The canal for about four miles is continued on these Lower Lias

marls, which at Ashill, a little to the west, have been proved to a

depth of 80 feet. At Beer-Crowcombe the canal enters a tunnel,

excavated on the south side in the Lower Lias. It emerges again at

Wrantage, about two miles to the north, under a bold escarpment of

the variegated marls of the New Red Sandstone. As these forma-

tions have here been uplifted, with a slight dip to the south, a good

section of them was made in cutting the canal. It was from the

southern end that the few blocks of the Avicida contorta bed men-
tioned in the Rev. P. B. Brodie's communication to Dr. "Wright

were obtained. Its position will be recognized as the " Flinty

Bed," ISTo. 81, of the accompanying section (p. 486).

Passing down the northern escarpment of the beds before-men-

tioned, and crossing the valley towards North Curry, the Kenper
sandstones, with their characteristic plant-beds, may be seen in the

roadside leading to Morden, dipping under the formations already

noticed ; whilst a little north of the village another escarpment of

these Keuper beds stretches away, as far as the eye can reach, to-

wards Langport, bounding the alluvial plain which extends to the

Bristol Channel.

In one of the first blocks of Keuper I examined at North Curry I

was reminded of the Reptiliferous sandstones near Elgin *, by finding

* See Quart. Journ. Geol. Soc. vol. xvi. p. 446.
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in it an imperfect rib-bone. It also yielded traces of fish-scales

and plants. A character these sandstones possess in common with

some of the Scottish beds, particularly those of the Quarry Wood
range near Elgin, is that they contain a number of flattened pellets

of marl, which, on being weathered out of the stone by exposure,leave
on the surfaces of the blocks their rounded or oval casts.

At Knap, west of North Curry, there is a large sandstone quarry

in which the beds are lower than those just mentioned ; but the pas-

sage-beds between them are unknown. Sections are given below,

p. 486. At this place the beds are non-fossiliferous.

Sections at Beer- Crowcombe.—My friend Mr. Brodie, in his com-
munication to Dr. Wright on the beds exhibited at the Beer-Crow-

combe quarries, remarks that " there are several thin beds of lime-

stone, but not so thick as those in Warwickshire*". From the

following section, which I made in the year 1850, it will be seen

that they are of much greater thickness and importance than his

remark implies, or than our hurried visit to them in 1847 enabled

him to realize ; indeed I know of no other section in this zone of

rocks fuller or more instructive.

Sections of the Beds in descending order.

At Ilmenster.

ft. in.

Upper Lias 8
Middle Lias. Marlstone 8
Various brown and grey mica-

ceous brick-clays, with inter-

calated sandstone and occa-

ft. in.

sional impressions of organic

remains 130
Lower Lias. Upper blue marls

on the line of canal and at

Ashill 80

At Beer-Ckowcombe—Mr. Hornibrook's Quarry.

ft. in.

Vegetable soil 2 9
1. Bastard rock 4
2. Shale 1 8
3. Bastard rock 9
4. Shale 1 9
5. Bastard rock 5
6. Shale 2
7. Bastard rock 1

8. Shale 2
9. First buff coat 5

10. Shale 7
11. Bastard rock 2
12. Shale 4
13. Second buff coat 4
14. Shale 2
15. Third buff coat 2
16. Shale 2
17. Bastard rock 2
18. Shale 3£

ft. in.

19. Glassy blue bed 4|
20. Shale 1 5
21. Jack blue bed 10
22. Shale 2
23. Mumbling bed 5
24. Shale 2
25. Mumbling bed 6
26. Shale 2
27. First Come-by-chance 3
28. Shale 5
29. Second Come-by-chance ... 4
30. Shale 1

{31. First black rock 5
32. Shale 1

33. Second black rock. . 6
( 34. Third black rock. ... 6
35. Shale 6
36. Fourth black rock

(bottom-bed)...... 8

* Loc. cit.
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Continued in Mr. Vile's Quarry.
fl-
it. in.

' oi.
TT 1 1 /XTxlooKstone clay. (JN u-

merous scattered

ly.

ou.

Saurian remains.).,. o u 01.
no
OO. U Qo

ai
QQOO. nu O. aJ OO.

c
o 40. PI

o 54.
N

41. 10" N 55.a .

42. 9
(3

56.

1 43. Shale 1
'3
pi 57.

44.
c3

58.

45. 3 59.

46. 3 60.

47. Shale l 4 61.

L48. 4 ^62.

ft. in.

Shale o 1

Paving-bed 4
Shale 1 4
Eedbed 4
Shale 1

Black bed 4
Shale 6
Clog-stone 1 3
Shale 2 2
Red fire-stone 5
Shale 1

Blue bed 1

Shale 2
Dunster

,

1

Continued in Mr. Banfield's Quarry.

^63.
64.

65.

66.

68.

69.

70.

71.

ft. in.

Shale 1 10
"White Lias 8
Shale 6
White Lias 6
Shale 3
White Lias 3
Shale 3
"White Lias 2
White Lias 6

ft. in.

(12. Shale 2
73. White Lias 3
74. Shale 3
75. White Lias 6
76. Shale 4
77. White Lias 1

78. Bubbly Bed 5
79. White Lias (bottom-

bed) 1 1

The position of the " Flinty bed " in the Avicida contorta zone

below was satisfactorily established by the united testimony of several

labourers who assisted in the excavation of the tunnel, by an ex-

amination of the waste-heaps, and by several sections in the neigh-

bouring escarpments.
ft. in. ft. in.

5 6 f84. Light blue marl 6
passing into

85. Variegated blue and
red Keuper marls,

with alabaster,

about 100

( 80. Grey shaly marl . .

.

81. " Flinty bed " (very

fossiliferous) 1

82. Blue shaly marl 3
83. Pale blue stone, with

vegetable-likemark-
ings 1 2

Sections at North Curry and Knap.—Following below the varie-

gated marls (the precise thickness of which is unascertained), come
in the Upper Keuper Sandstones of jSorth Curry : thus

—

Section in the Lane near the Church.

ft. in.

Various beds of dull grey and
brown sandstone, enclosing

nodules of marl, and contain-

ing Est/ieria, Plants, traces of

Fish-scales, and a Reptilian

bone
(The above thicken in their

dip to the south.)

Blue nodular marl

3 6

1

ft.

Red marl 2
Light blue marl
Compact red marl in thin lamina; 5
Nodular marl 2
Blue marl 1

Variegated red and blue marl ... 4
Red shale, with quartz-grains ... 6
Red and blue compact marls,

about 40

in.

3
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Section of still lower beds at Knap 1| mile distant.

Deep-red marl

Red marl

ft. in.

5
1 2 Red marl
2 4 Grey sandstone.

2 Do. do.

2 Do. do. .

1 2 Do. do. .

9 Do. do. .

3

ft. in.

10

10

2
2

3
10

3 6
Grey sandstone, thin courses

The beds at Knap are covered by a drift composed of cherty

pebbles. They afford no indications of organic remains ; but litho-

logically they present a close resemblance to the Upper Keuper
Sandstones of Worcestershire.

§ 2. Subdivisions of the Lower Lias, SfC ; the true position of the

" White Lias."—In the division of the Liassic beds, Dr. Wright has

followed Dr. Oppel of Munich in adopting a series of Ammonite-
zones,—a plan which, though generally convenient, may not always

be safe, since it is probable that at any time the range of specific

forms may require to be extended.

The zones thus adopted (by Dr. Wright) in descending order are,

—

1. Ammonites raricostatus zone.

2. A. oxynothus zone.

3. A. obtusus zone.

4. A. Turneri zone.

5. A. Bucklandi zone.

{A. planorbis zone, including White
Lias.

Ostrea-beds.

7. Avicula contorta beds, Keuper.

Between the zones 5 and 6 Dr. Oppel has placed a zone of the Am.
angulatus ; but this is a species that has a considerable range into the

other zones, and is therefore properly omitted. I do not take excep-

tion to any of the divisions above the Am. planorbis beds, but I pro-

pose inserting below those beds two other zones, viz. :—a Saurian zone,

and the White Lias zone of Mr. Smith. When I refer, therefore, in

the following remark to the " White Lias," it is to be understood as

everywhere occupying a position immediately above the Avicula con-

torta zone and at the base of the true Liassic series. Its position

seems to have been mistaken by Dr. Wright, who has, in my opinion,

been misled,by thequarrymen in the different localities, into supposing

that their local beds of " White Lias," or what would be a white-

looking band of stone in a blue-has quarry, is the true White Lias of

Smith, which is a series of beds occupying a uniformly lower position.

I propose, therefore, the following arrangement :

—

6. Ammonites planorbis zone
7. Enaliosaurian zone.

8. White Lias.

9. Avicula contorta beds
10. Keuper marls.

|
Rhaetic Formation.

In my section at Beer-Crowcombe, the beds Nos. 1 to 30, which
are superior to the Am. planorbis, represent one or more of the

higher zones
;
but, as at this place I have found no Ammonites in

them, their divisions are undeterminable.
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In the remaining' portion of my paper, the remarks I shall offer

will have more especial reference to the beds which Dr. Wright has
included in the Am. planorbis zone and to those following below. I

shall then show the desirability of adopting a different classification

for those he has included in the group characterized by the Avicula

contorta, which latter beds are placed by Dr. Wright with the Keuper

;

and finally offer reasons for removing them, with the " White Lias"
to the " Wicetic Formation " of Continental geologists.

Dr. Wrighfs views of the position of the White Lias.—When de-

scribing the zone of the Ammonites planorbis, Dr. Wright remarks
(loc. cit. p. 389) that " in general it consists of a series of thin,

greyish or bluish, argillaceous limestones, with alternating beds of

laminated shale ; or sometimes the entire series forms a thick-

bedded, argillaceous, cream-coloured limestone, called the White
Lias, by William Smith. In the upper half of this group of beds,

Ammonites planorbis, Sow., is found in great numbers, compressed

in the shales, with its white shell more or less preserved ; in the

lower portion of the series, Ostrea liassica, Strickland, appears in

great numbers ; and beneath these strata are three or four beds of

hard limestones (or ' firestones '), in which the finest skeletons of

Enaliosauria have been discovered."

Again, at p. 396 it is stated that the " White Lias series of the

section at Saltford (p. 400) represents the Am. planorbis beds: here

also the relation of that zone to the Saurian beds below, and to the

Am. Buchlandi beds above, is well shown."
Ln the table given at p. 411 the following arrangement and de-

scription of the beds are adopted :

—

'
( f. Greyish or light-coloured limestones, in thin beds,

interstratified with finely laminated shales; the

limestones forming the paving-beds of Warwick-
shire, and the White Lias of Dorsetshire, and con-

taining Am. planorbis, Am. Johnstoni, Lima punc-
tata, &c.

g. Hard dark-grey limestone, containing Ostrea liassica

in great abundance, with skeletons of Plesiosaurus

megacephalus, P. Hawkinsii, Ichthyosaurus inter-

medins, and I. tenuirostris.
' h. Dark shales, with thin bands of limestones, often

pyritic, and thin beds of light-coloured micaceous

sandstone, with a thin band of bone-breccia near
the base. These contain Avicula contorta, Pecten

Valoniensis, and PuUastra arenicola.

From the above extracts it will appear evident that Dr. Wright
has incorporated the White Lias of William Smith, Conybeare and

Phillips, and other geologists, with the Ammonites planorbis zone,

* Dr. Wright in this table has divided the Lower Lias into Ammonitiferous

and Non-ammonitiferous beds,—the former ending with his Am. planorbis zone,

the latter including the Ostrea-zone (or true Wliite Lias) and the Avicula con-

torta zone. This division is not desirable
;

for, although Ammonites are rare in

the lower beds of the Lias, they are not altogether absent. I have obtained small

flattened specimens from the Saurian beds ; and Mr. Tomes informs me they are

also to be found through the whole of the Warwickshire Liassic series.

Zone of A.

planorbis.

Ph S

'

Ostrea-

beds.

"g 3 . Zone of

§ S § "S \ Avicula <

^ aJa* I contorta.
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and has placed the Saurian beds either in or below the Ostrea-beds, the

latter being in fact the equivalents of the White Lias of those authors.

White Lias at Beer-Crowcombe.—On referring to the very full

section I have given of the Liassic beds at Beer-Crowcombe (p. 485)
the Am. planorbis zone will be seen to commence with the bed No. 31,

and appears to have a vertical range downwards to the " Hookstone
clay," 37, lower than which I have not observed it. This Ammonite
is abundant ; and is sometimes found with the Trigonellites in place.

Including the Hookstone clay just mentioned, in which there are

numerous scattered Saurian remains, all the beds following, to the

White Lias, may be said to constitute a Saurian zone, as these

remains may be found more or less abundantly throughout them

;

though, as stated by Dr. Wright in his remarks on the Street section,

to which I shall presently refer, the finest examples are usually from
the lowest beds.

Immediately below the Saurian zone will be found the true posi-

tion of the White Lias, whilst its continuation downwards into the

Avicula contorta beds is shown in my section; and. beneath these,

again, are the variegated marls of the Keuper, and their underlying

sandstones.

Section at Street.—The most important sections from Somerset-

shire given by Dr. Wright are those of Saltford, near Bath, and

Street. The latter is distant about 14 miles in a direct line from

the one at Beer-Crowcombe. The names of the beds in the latter

locality are those by which they are known to the quarrymen. On
comparing the Beer-Crowcombe section with that at Street, although

the beds vary in thickness, which might be expected at such a

distance, a parallel may be observed between them, and some of them
are really called by the same names. Thus, in the Saurian zone of

the Street section, the Firestone bed, No. 29, and the Grey Clog,

No. 25, of Dr. Wright, occupy the same relative position, and are the

probable equivalents of the " Bed Firestone," No. 58, and the " Clog-

stone," No. 56, of my section at Beer-Crowcombe. The " Yellow
laminated clay," No. 3, at Street answers the description and occupies

the position of the " Hookstone Clay," No. 37, at the latter place

;

whilst, reckoning from the base of the Saurian zone to the highest

bed in the Am. planorbis series, there is a difference of only one in

the number of beds in the two sections. The quarries at these

localities are therefore undoubtedly on the same horizon. They are

chiefly worked at both places for the paving-beds, the best of which
are found in the lowest part of the Saurian zone. I have no doubt

that, had the section given by Dr. Wright at Street been continued

downwards, the White Lias, as shown in my section at Beer-Crow-
combe, would have been found.

Section at Stoke St. Mary.—In order still more clearly to point

out the invariable position of the White Lias, I give particulars of a

section occurring at Stoke St. Mary, near Taunton, which I have

lately had an opportunity of visiting in company with the Rev. W.
A. Jones, F.G.S. This section is some miles south-west of that at

Beer-Crowcombe. Although slight discrepancies will appear, nearly



490 PROCEEDINGS OE THE GEOLOGICAL SOCIETY. [May 22,

all the lower beds are called by the same names, occur in the same
order, and are usually of the same thicknesses as those at Beer, and
Saurian remains are found in the same zone as at that place and at

Street.

This section is the more interesting as the workings are carried

down through the Saurian zone to the lower beds of the "White Lias.

For the sake of comparison I have appended to the Stoke St. Mary
beds the numbers they represent in the Saurian zone at Beer-Crow-

combe. The White Lias beds vary much in different localities.

S 2 a
^ ^ ESJ

34.

35.

36.

37.

(38.

39.

40.

Section

Gravel

Grey Lias

Shale

Pap-meat
Shale

Rough Blue bed. .

.

Blue shale

Clay-bats

Shale

[Several beds not

recognized here.]

Sandstone
Shale

Sandstone
Shale

Paving-bed
Shale

Paving-bed
Shale

Sandstone
Shale

Cockle-bed

Shale

Clog-stone

Firestone-clay . .

.

Firestone

at Stt

ft. in.

5
10

1

8
1 2

10
1 6

6
6

4
2
3

1 6
4
3
4

1 3
4
2
8
2
8

2
4

St. Mary.

ft. in.

/59. Shale 9
60. Blue Lias 1 1

61. Shale 3
62. Dunster 1

63. Shale 1 8
64. Blue Lias 9
65. Shale 2
66. Blue Lias 9
67. Shale 3

f Buckles 2
Top-size White Rock 6
Shale 4
Second-size White Rock ...

Shale

Third-size White Rock ... 1

Shale

I Thin stripe

Shale

Thin stripe

Fourth-size White Rock 1

Shale

Grab Rock 9
Shale 3
Dunster Bags 3
Dunster Bags 3

No direct passage leading into the above-mentioned beds from the

red marls is to be observed in the escarpments, and therefore no

trace of the Avicula contorta zone. Wells have been sunk to a depth

of 60 feet in the marls, to obtain water. In the sides of the turnpike-

road leading to Taunton, thin beds of Keuper are present with Posi-

donomya minuta.

Section at Pibsbury.—In addition to the sections already enume-

rated, there are numerous quarries in which the lower zones of the

Lias are worked in the district south of Street, at King-Weston,

Keinton, Sparkford, Somerton, and on the line of road between

Langport and Long Sutton. Langport is on the Keuper ; and on

ascending the hill from thence to Huish-Episcopi, the White Lias

beds are exposed in a roadside-cutting, and in an adjoining quarry.

These beds dip to the east, and at a mile and half from Langport,

pass under others which are worked on the same line of road at

Pibsbury, a section of which, given below, shows that the latter are



1861.] MOORE RHiETIC BEDS AND FOSSILS. 491

undoubtedly on the same horizon as the beds given by Dr. Wright

in the Street section, which are distant about ten miles.

Section at Pibsbury.

Equivalent
bed at

Street. No.
7. 1.

9.

10.

11.

12.

13.

14. 11.

15. 12.

16, 17. 13.

ft. in.

Corn-size 6
Shale 3
Thin bed 4
Shale 4
Milley-burrs ... 6

Shale 6
Bunch-back 4
Shale 1

White stone ... 4
White stone ... 4
Shale 10

Cream-bed 2
Firestone 7

Equivalent

bed at

Street. No
18.

19.

20.

21.

22.

23.

24.

25.

ft. in.

2

27.

28.

29.

30.

22.

23.

24.

25.

Shale ...

Black bed
Shale

Pig's Paviour ...

Shale

Blue Clog . .

Shale

Dun Paviour
(Grey Clog)

Pond-size

Lias-paviour ... 4
Tomb-size 6
Bottom-bed 4

:::}»

7

7
3
3
11

1 2

5

5

In this section the beds 1 to 6 of Street, which would represent

the Ammonites planorbis zone, are not present.

A quarryman at Pibsbury had also worked at Street, and was able

to correlate the beds with those in that locality, and to point out

their local variations. Thus, he informed me that the " Bunch-back "

and underlying shale (Nos. 7 & 8) were wanting at Street; the
" White stone," instead of being one bed, was divided into two, and
that the " Firestone," No. 13, was the " Red Liver " and " Black

bed " of Street (Nos. 16 & 17) " run together." Inquiries of the

quarrymen working in this zone of rocks, for the White Lias, gene-

rally resulted in the remark that they did not work down to it.

Section at Long Sutton.—Passing to Long Sutton, about two miles

further on, the same beds are again worked, in a quarry belonging

to the Earl of Burlington. A fault at the west of this village has

brought up the White Lias beds, the position and thicknesses of

which are admirably shown in a section worked almost entirely in

this zone at Steven's Hill, in which between the Saurian zone in the

quarries just mentioned, and that of the Avicula contorta, not less

than thirty-jive beds of White Lias are exposed.

Section of White Lias at Steven's Hill, Long Sutton.

ft. in.

1 . Splintery beds of Blue Lias
(bottom of the Saurian
zone) 2

2. Shale 2
3. White Lias 8
4. Shale 1

5. White Lias 5
6. Shale 6
7. White Lias 6
8. Shale 1 2

White Lias 99
10. White Lias

ft. in.

11. Shale 4
12. White Lias 1

13. Shale 2\
14. White Lias 5
15. Shale 2
16. White Lias 2\
17. Shale 4£
18. White Lias 3
19. Shale 6
20. White Lias 7i
21. Shale 7
22. White Lias 2$
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Section of White Lias at Steven's Hill, Long Sutton (continued).

ft. in.

23. Shale 7
24. White Lias 2£
25. Shale 3

26. White Lias 6

27. Shale 7
28. White Lias 6
29. White Lias (Coral-bed) ... 1

30. White Lias 6

ft. in.

31. Shale 0£
32. White Lias 2
33. White Lias 9
34. Shale 3
35. White Lias 8
36. White Lias—Bottom-bed 1 3
37. Blue Marl 5

Since my paper has been prepared, Mr. Kershaw (a section of

whose quarry at Wilmcote is given by Dr. Wright) has been through

the district accompanied by Mr. Tomes of Welford Hill, both of

whom are well acquainted with the Warwickshire beds. After their

examination, they entirely agree with me that the true White Lias

occupies a lower position, and is quite distinct from the Street beds.

They were fortunate enough to make out a fact that had escaped me
in the Steven's Hill section,—namely,that the bed No. 29 contained

a great number of Corals, most of which, having become decom-
posed, have left nothing but their casts in the stone, though in a few
instances the Coral is preserved.

In a note to me, Mr. Tomes describes it as a " branching species,

several inches in height, with an epitheca having numerous and

regular concentric wrinkles, and delicate but distant longitudinal

striae
;
probably of the genus CladophyUia."

Section at Saltforcl.—In the section at Saltford (1. c. p. 400) con-

structed by Mr. W. Sanders of Clifton, the position of the White
Lias series is correctly given, though I should be disposed to include

in it only the beds Nos. 9 to 22. In a reference to his section (1. c.

p. 396), the Saurian beds are supposed to follow beneath the White
Lias ; but in this section, as at Street and Beer, they are represented

by the limestones and shales above.

If there be any zone more persistent than another, it is that of the

White Lias. Wherever the Avicula contorta beds are exposed, the

representatives of the former may be expected to be present imme-
diately overlying them.

Other sections in Somersetshire.—In addition to the sections already

mentioned, others in which these beds may be found occur at

Fivehead, Hatch, Uphill, Somerton, and in a deep sinking for coal

at Batheaston, made in 1812, through the whole Liassic series, a

section of which is given at p. 262 of Conybeare and Phillips's

' Outlines of Geology of England and Wales.' Near Bristol they

occur at Cotham, Bedminster, and Pylle Hill. In a paper* on the

Linksfield shales, I pointed out the correlation of those beds with the

latter section, and the presence of the White Lias zone occupying

the same position, as far north as Elgin.

Sections at Batheaston and Paxdton.—In the section given of the

beds at Batheaston, p. 262, of Conybeare and Phillips's ' Outlines,'

under the head of the " Upper Marls " are included all the beds of

* Quart. Joiirn. Geol. Soc. vol. xri. p. 445.
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the Upper Lias, the Middle Lias, or Marlstohe, and also the Upper

Marls of the Lower Lias, with some of their limestones, having

altogether an aggregate thickness of 220 feet. Then follow what

those authors (C. & P.) call the " True Lias beds," including the

White Lias at its base ; and their " Lower Marls," down to the New
Red ground, include the Avicula contorta series.

Section at BatJieaston.

ft. in.

/ Upper Marls 220

J _
Hard rock 18 4

t-1 r§ \ Blue stone 5 1

§ J Hard blue stone 12 1

£ Stone 2
White Lias rock 10

f Blue Marl 6

Stone
Clay
Hough blue inarl

Black marl 10

Light-blue marl 2

Red ground ofNew Eed
Sandstone (Keuper).

ft. in.

(5

9
5

A section also of the beds at Paulton near Bath is given on the

same page.
ft. in.

Blue marl 6

Cla}Tstone, &c 3
Black marl

ft. in.

S 2 «>"

Inferior Oolite 18

Upper Lias marls ... 120
Grey and blue Lias

Rock* G
Sun bed 1 6
White Lias 12

6

Section at Wesibury.—Dr. "Wright has given a section of the

Avicula contorta zone at Westbury, which commences in the Ostrea-

bed, described by him as being one of the lowest in the "Am.
planorbis series," but which, I consider, belongs to the true White

Lias, and is equivalent to those beds at Saltford, Beer-Crowcombe,

Stoke St. Mary, &c.

In this view I am again confirmed by the above-mentioned

authors, who at p. 263 of the ' Outlines,' &c, give the following

section at Westbury-on-Severn.

Section at Westburv-on-Severn.J
ft. in.

White Lias 10

( Blue shale 10
Black shale 12

Gceen siliceous grit, containing abundant bones, well known,
here and at Aust, as the bone-Bed 1

Black shale 2
Green grit 6
Black shale 2
Greenish marlstone and red marls of the Keuper 18

In all these sections it is thus seen that these authors place the

White Lias as a distinct zone immediately overlying the A. contorta

* Over this portion of the Somersetshire coal-field many of the beds are

much reduced in thickness. The Middle Lias, for instance, which in some parts

lias a thickness of upwards of 100 ft., is here represented by beds of but 4 or

5 feet in thickness ; and the upper beds of the Lower Lias are also wanting.

VOL. XVII.—PART I. 2 L
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bed, in which, the beds correspond with every other section with
which I am acquainted.

When speaking of the White Lias, they say that it takes a high
polish, and may readily be employed for lithographic purposes, a

description which corresponds with that given of the beds at Lyme
by Dr. Wright.

Sections in Gloucestershire and Warwickshire.—I am unacquainted

with some of the sections in Gloucestershire and Warwickshire given

by Dr. Wright ; but in that at Aust Cliff, I am disposed to consider

the nine beds above the Avicula contorta zone to be the representa-

tives of the White Lias, and not of the Am. planorbis zone. In
Warwickshire, the best section is afforded by the quarry of Messrs.

Greaves and Kershaw, at Wilmcote, near Stratford-on-Avon {op.

cit. p. 386), in which the beds are shown to be very similar to those

at Street. My correlation of the latter beds with those at Beer-

Crowcombe being admitted, it will at once be evident that in this

locality the upper beds, Nos. 1 to 7, represent the Am. planorbis

zone, and Nos. 8 to 23 or 24 the Saurian zone, whilst the " Hard
crystalline limestones," <fec, which follow, are in all probability the

representatives of the White Lias. With this arrangement the cor-

relation of the zones with those at Street and Beer-Crowcombe is

established.

On referring to a note which I some time ago received from Mr.
Tomes, I find that he recognizes the position of the White Lias of

that district when he says : " The Warwickshire White Lias appears

to represent a different zone from the Somersetshire White Lias,

being very low in the series." He then points out its position by a

rough section, in which I recognize it as occupying the same zone as

in all other localities. The position of the Avicula contorta beds is

in every case correctly given by Dr. Wright, as following at the base

of each section, lying above the Bed Marls.

In the neighbourhood of Tewkesbury, Dr. Wright states there are

several good exposures of the infra-ammonitic beds (meaning those

below the Am. planorbis zone), from which were obtained numerous
fine examples of Ichthyosauri and Plesiosauri, and that he possesses

vertebras of Plesiosaurus rugosus from a bed of White Lias at Wool-
ridge Common. These beds, again, are evidently on the horizon of

the Saurian beds of Somersetshire ; and although the bed at Wool-
ridge Common from whence the Plesiosaurus was obtained may be

a white-looking lias, it is not the basement White Lias zone, in

which, as I have elsewhere stated, no Saurian remains have ever

been found.

Sections at Lyme Regis.—The chief point of interest advanced by
Dr. Wright respecting the Lyme section is that in which he places

the Saurian zone, not on the horizon of those beds in Somersetshire

and Warwickshire, but in the Am. BucTclandi zone which overlies

them. It is not impossible that circumstances may have been favour-

able to a larger development of Enaliosaurian life in the Liassic

seas at the point where these beds are now found, especially when
it is considered that their remains are occasionally, though but
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rarely, found in the same zone elsewhere; but, supposing those

given by Dr. Wright in his section (p. 401) at Broad Ledge to be the

true equivalents of his Ammonites BucMandi beds at Street (p. 390),

there would still have to be accounted for at Lyme the Am. planorbis

zone, and my " Saurian beds " below, which, in such a development

of the Lias as occurs at Lyme, can scarcely fail to have their repre-

sentatives.

Two sections of what Dr. Wright considers the Am. planorbis

zone are indeed given, one of which is at ITp-Lyme, the other at

Pinhay Bay. In their description, the stone is stated to be " cream-

coloured, and so hard and close-grained that it might be used for

lithographic purposes." This answers precisely to the character of the

true White Lias ; and I have little doubt that it is such. Its place is

therefore on the zone of that series as given in myJBeer-Crowcombe
and Stoke sections, and in that (described by Dr. Wright) at Salt-

ford, where it immediately overlies the Avicula contorta beds. It is

therefore much lower than the Am. planorbis beds. It then appears

to me that neither the latter zone nor the Somersetshire Saurian zone

has been recognized at Lyme by Dr. Wright ; and in this case, I
should incline to the view (should the whole of the Lyme section

have been given) that some of the lower beds which he has classed

under the Am. BucMandi zone may be their representatives, even
though it necessitated giving to the Am. BucMandi and other shells

a greater vertical range than they have hitherto been supposed to

attain.

True position of the White Lias.—I have thus shown that the

White Lias occupies a position at the base of the Liassic formation,—
that, of all Dr. Wright's sections, its true place is only recognized at

Saltford, though here—and also when he notices the same zones at

Lyme, Wilmcote, &c. he confounds them with the Am.planorbis beds,

—and that intermediate between theWhite Lias and the latter are the

Saurian-bearing beds. To illustrate the difficulties created by these

transpositions, I need only remark that, whilst in the sections gene-
rally Dr. Wright places the Saurians in the Am. planorbis zone, at

Wilmcote he places them in the Ostrea-beds, or true White Lias, at

the base of the formation ; and at Saltford he places them below
the White Lias, where only the Avicula contorta beds are to be
found.

§ 3. The Rhcetic Formation.—In the preceding observations I
have throughout referred to the White Lias zone as constituting a

member of the Liassic formation, with which hitherto it has always
been associated. I now propose its removal from that formation,

and its classification with the Avicula contorta group, under the above
designation. For this proposal my reasons are, 1st, that over a very
extended area the " White Lias " forms a very persistent line of

demarcation, and is almost invariably present, overlying the Avictda
contorta beds wherever they are exposed

;
2nd, that by its colour

and lithological character, being dense and close-grained, it forms a

marked contrast to the large flaggy Saurian limestones of the Lower
Lias immediately above ; and 3rd, the great distinction which is

2 l2
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presented by a consideration of the faunae of the two zones. In the
" White Lias " the organic remains are rare, and of very few specific

forms. Ostrea Uassica, Strickl., Plicatula interstriata, Ew., and
Modiola minima prevail, and also characterize the beds below; whilst

from other districts may occasionally be added Monotis, Lima, Gypris,

Estlieria, and a few small univalves (usually in casts) of doubtful

specific forms, but which appear to have their representatives rather

in the Avicula contorta zone below, than in the " paving-beds

"

above ; and it should be remembered that when these latter beds

were being deposited, the ocean teemed with Enaliosaurian life, of

whose presence in the " White Lias " I as yet know of no evidence.

The " White Lias " presents evidences of a slow deposition ; and
each bed appears subsequently to have been subjected to erosion.

The surfaces of many of the blocks are covered with Cyprida'. A
period of rest between the deposition of the several beds is shown
by the presence of colonies of boring Mollusks, which have left in-

numerable tubular perforations passing downwards in the beds.

Following the above, there would then be included in the " Bhoetic

formation " all the beds lying superior to the variegated marks of the

Keuper,—the most noteworthy being the shelly bands yielding the

Avicula contorta, and the Bone-bed. Until lately these were included

with the Lower Lias; but, the investigations of Sir P. Egerton,

Agassiz, and others having demonstrated that the latter bed con-

tained a peculiar fauna, they have become recognized as Triassic, or

as upper members of the New Red Sandstone, and they are retained

in Dr. Wright's Table of Strata {op. cit. p. 370) as the uppermost

zone of the Keuper.

Meanwhile there have been discovered, on the continent, beds of

great thickness between the Lias and the Keuper, the representatives

of all of which were apparently wanting in this country.

In ascending order these are :

—

1st. The St. Cassian and Hallstadt beds (which have yielded more
than 800 species of Mollusca) ; and

2nd. The Kossen stage, or, as it is now proposed to be termed by
Mr. (Jiffivbel the State-Geologist of Bavaria, the liheetic formation,—

a

designation rec^nized by Professor E. Suess, of the Imperial Museum
of Vienna, and "which it will be convenient to adopt for the beds

under notice, which iu +his country are the representatives of the

second stage. In this division are comprehended the ' Deposito

d'Azzarolo ' of Italian geologists, as well as the Starkenberg beds

and Dachsteinkalk of Austrian geologists. In the Austrian Alps the

formations above noticed attain a thickness of from 4000 to 5000

feet. This is the important series of rocks of which, in this country,

the beds before referred to (rarely averaging more than 35 feet in

thickness, and intervening between the Lias and the Keuper) are the

diminutive representatives.

§ I. Rhcetic Organic lie -mains.—The organic remains in this forma-

tion in England are derived chiefly from the Bone-bed and the beds

yielding the Avicula contorta. At Beer-Crowcombe the Bone-bed

appears to be wanting ; but a few fish-remains that usually accom-
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pany it will be noticed from the latter bed at Beer-Crowerombe. I

have assembled a remarkable fauna from a drift (derived from the

Bone-bed) near Frome, an account of which I must reserve for another

occasion. As, however, I shall have to notice beloAv some Mollusca

from the Avicula contorta zone of this neighbourhood, I give a, short

description of a very remarkable section in wdiich those beds occur.

In the Vallis, near Fronie, there are quarries worked for the Car-

boniferous Limestone, some of the beds of which have their up-
turned edges capped with horizontal Inferior Oolite. In a section

near Hapsford Mills I noticed a conglomerate with a few thin inter-

mediate layers of stone and clay. The limestone in this section has

a dip of 35°, JNT.W., and is worked to a depth of 15 feet. Lying upon
it there is a band of blue clay 4 inches in thickness, which, on close

examination, I found to contain a very interesting fauna. Associated

with remains of Fishes and Reptiles of the Bone-bed age, it yielded

Avicula contorta, Ostrea interstriata abundantly, Pecten Valoniensis,

with other genera never before noticed in beds of this age, such as

Chiton, Pollicipes, &c. This clay is succeeded by a dense conglome-
rate of rounded siliceous pebbles, 2 feet thick, and containing, though
rarely, fish-teeth and scales ; another blue clay of 4 inches succeeds,

but without organic remains ; then a grey conglomerate, 4 inches,

upon which there are courses of grey or cream-coloured nodular

limestone, intermingled with a grey clay, 1 foot in thickness. In
this, organic remains are extremely rare. Specimens of EstJieria,

Insects, and one block containing Plant-remains are all I have ob-

tained. Above the latter are beds of Inferior Oolite, 12 feet in thick-

ness, conglomeratic at their base.

The interposed beds of conglomerate, stone, and clay between the

Inferior Oolite and the Carboniferous Limestone, although but 4 feet

in thickness, may represent in this section the geological eras of the

White Lias, the Estlieria-beds of Warwickshire and Gloucestershire,

the Avicula contorta zone, and the Bone-bed; so that, were the
" White Lias " to be considered to represent a distinct formation,

not less than four geological eras would be exhibited in one section

of about 30 feet in depth.

A thin band of conglomerate, 1| inch thick, of precisely the same
aspect, and the same age, is present in the ITphill railway-cutting.

Dr. Wright remarks {op. cit. p. 409) that he has " shown that the

Conchifera are special " to the Avicula contorta zone. In the blue
clay lying between the conglomerate and the Carboniferous Limestone
the Ostrea interstriata is the most abundant shell. It is found with
the Avicula contorta, and the Fish- and Reptile-remains before

alluded to, which represent the Bone-bed stage. The Ostrea inter-

striata is one of the characteristic shells of the "White Lias " zone,

and furnishes an additional reason for including it with the Rha3tic

beds.

The Avicula contorta zone, from whence the other organic remains

wrere obtained, will be recognized in the Beer-Crowcombe section as

the " Flinty bed," No. 81. It is composed of a dense, light-blue

stone, 1 foot in thickness, with alternating shelly layers,—the shells
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being in most beautiful condition ; and in this they differ from those

found in almost every other locality in this country, as also from
those on the Continent. Dr. Wright has given a list of species (at

p. 385) from Beer-Crowcombe. He supposes (p. 377) that the shells

of this zone represent both the Kossen (or Khsetic) and also the

Upper St. Cassian beds. For some time I held this view ;
but, on

comparing the series I had made with that from the latter formation

in the British Museum, I was surprised by not finding a single

species in common ; and I have since learnt that these stages have

a fauna quite distinct, and that the species found in the Avicula con-

torta zone and the Bone-bed in this country are identical only with
those of the Bhsetie beds of the Continent, none of them being found

in the St. Cassian beds below.

Notes on the Fossils.

It has been previously remarked that I have not observed the

Bone-bed at Beer-Crowcombe ; but a few fish-remains are found in

the Avicula contorta zone, which are common to the Bone-bed when
it is found in other localities. In the thin band of blue marl in the

section at Yallis, fish- and reptile-remains are more abundant than

at Beer-Crowcombe ; but a detailed notice of these will be reserved

for a general paper on that district. I shall then be able to show
that the genera and species from the Avicula contorta zone at Beer-

Crowcombe are common to the same zone at Yallis, and also to the

Rhretic Mammalian Drift near Frome. It is important to recognize

their presence in this zone at Beer-Crowcombe, as they will assist

to determine the ages of the beds from whence that drift has been

derived, and therefore the probable age of the oldest known Mam-
malia of England.

Sahgodox TOiricrs. PL XY. fig. 1.

Sargodon tomicus, Quenstedt ; Der Jura, tab. 2. figs. 34, 35.

A tooth, with a black, enamelled, semitransparent, canine-looking

crown, the inner side of which is concave, the outer slightly convex

and surmounted by a straight, sharp cutting-edge, in the largest

specimens two lines across. In the worn specimens the centre of

the crown is hollowed, usually with a slight sinus, dividing it into

two equal parts. A very young, unworn tooth from Frome shows

the crown in that stage to have been surmounted by three raised

cusps of equal size. Below the crown, which occupies about a sixth

of the height of the tooth, there is a long, slender, cylindrical, hollow

shaft, showing in some specimens a slight tendency at the base to a

fang-like division. They vary from 8 lines to 2 lines in length

;

breadth ^ a line to 2 lines. One example only has been found in

the " Flinty bed " of Beer-Crowcombe ; from the Mammal- drift

near Frome I have many examples. It is interesting to find that

similar teeth were found by Pleininger with the Microlestes an tiquits

at YVirtemberg, and that they should in this country be found in
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the same association. The generic designation of the teeth above

noticed is from the existing genus Sargus, which possesses somewhat
imilar incisor-like teeth*.

Sqttaloeaia, Eiley & Stutchbury.

Tour fish-vertebrae belonging to this genus have been found in the

" Flinty bed " at Beer-Crowcombe. These also occur in the Frome
Mammal-drift, where they are abundant.

There are also teeth of Lepidotus, Saurichthys acuminatus, S. api-

calis, Acrodus minimus, and scales of Gyrolepis, all of which are

found at Frome, and also a few undetermined fragmentary bones.

Mollusca.

Disctna Townshexdi, Davidson.

In a paper on some new secondary Brachiopoda, in the ' Geologist

'

for March last, I mentioned the occurrence of this rare species in

the " Flinty bed " at Beer-Crowcombe, from whence I have but one

example. It is the only Brachiopod that has yet been noticed from

beds of the Bhaetic formation, in situ, in this country, though I have

Lingida, Spirifer, Terebratula, and Rhynchonella from the Frome
drift. Terebratida, Rhynchonella, &c. are not uncommon in the

Bhaetic beds on the Continent ; and Professor Suess informs me he
has found the Discina Townshendi in Austria.

Avicuxa contoeta, Portlock. PI. XV. fig. 10.

The abundance and persistence of this shell has suggested the

distingiushing name for the beds in which it occurs. It is commonly
found in all the localities in which the zone is exposed. In most
cases the beds yielding it are coarse and friable, when the shells

are either fragmentary or rarely in good condition. The shells

figured from the Bhaetic beds on the Continent are usually from beds

of sandstones, in which their casts only are preserved, which renders

their specific comparison with the sharply defined shells from Beer-
Crowcombe somewhat difficult.

The Avicula contorta from the latter place shows some variation,

the curved longitiidinal ribs being much stronger and more inter-

rupted in some specimens than in others. I have also found the

shell in the thin band of clay resting on the Carboniferous Lime-
stone in the Yallis section, and also in the Bone-bed drift of the

same locality.

Avicttla solitaeia, Moore. PI. XV. fig. 11.

Shell convex, oblique,inequivalve,with eight regular radiating costae

passing from a very narrow convex umbone to the inferior margin

;

anterior auricle small
; posterior auricle extended, ornamented with

very fine striae, and reaching to the inferior frontal margin.

* The figures given by Quenstedt in ' Dei* Jura,' tab. 2. fig. 36-38, probably
belong to Lepidotus, and not to the genus Sargodon,
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Only one example of this shell has been found. It is readily

distinguished from the A. contorta by its more produced posterior

auricle, by its less angular posterior side, by the costoc being much
fewer in number, and by its narrower contour. Height 9 lines

;

width 6 lines.

Loc. The " Flinty bed," Beer-Crowcombe.

PlACTJNOPSIS ALPINA. PI. XYI. figS. 4, 5.

Anomia alpina, "Winkler, Schicht. der Avic. contorta, pi. 1. fig. 1.

Anomia 1

? Quenstedt, Der Jura, tab. 1. fig. 16.

Shell smooth, roundly ovate or orbicular, convex, variable ; umbo
with very slight ear-like expansion on the posterior side ; ventral

margin and sides regularly rounded. Smaller valve flattened or

concave, rounded, closely fitting.

This shell appears to be identical with that figured by Quenstedt

above, which he doubtfully refers to Anomia. It i6 common in the
" Flinty bed " at Beer- Crowcombe, where species are found from 2
to 12 lines in length. In its more perfect state, when the shell

has the test preserved, the exterior is quite smooth ; but when this

has been removed, the under surface exhibits, by aid of the lens,

numerous close-set longitudinal stria?, which characterize the genus

Placunopsis, to which it therefore seems more nearly allied.

Gerviixia riLEcr/RSOE. PI. XY. figs. 6, 7.

Gervillia prcecursor, Quenstedt, Der Jura, tab. 1. figs. 8-11.

Shell smooth, oblique, elongated, convex ;
hinge-line straight, pro-

duced posteriorly, bounded by a slightly raised horizontal rim;

umbones rather prominent, anterior; ventral margin rounded; poste-

rior inferior margin angular. Bight valve flatter than the left;

lines of growth distinct. The original pink colour of this shell is

shown by six or seven broadish longitudinal lines in two examples

in my possession.

Loc. From the u Flinty bed " of Beer, where it is somewhat rare.

Gebvillia oexata, Moore. PI. XY. fig. 8.

Shell small, convex, elongated, tapering gradually to the apex ;

hinge-line long, depressed, and slightly concave ; the dorsal surface

possesses six or seven longitudinal ribs, which commence from the

umbo, and are extended to the ventral margin. These, as well as the

flattened area, are crossed by numerous lines of growth, and give

the shell a richly ornamented appearance.

Loc. This shell is associated with the Gcrvillia jircecursor in the

" Flinty bed " at Beer. Three specimens only of the left valve are

known.
Length 4 lines ; breadth 2 lines.

Lima PBJEcrctsor.. PI. XY. fig. 9.

Lima precursor, Quenstedt, Der Jura, pi. 1. fig. 22-24.

Shell inequilateral, moderately convex, front rounded,apex narrow;
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dorsal surface covered with very narrow, close-set, wavy stria?, slightly

diverging outwardly, between which there are a multitude of minute

regular depressions.

The original figures given by Quenstedt appear to be casts ; so

that close comparison is impossible. He intimates the possibility of

these Rhaetic shells being the precursors of the Lima gigantea of

the Lias ; but the Beer shells show the ornamentation of their sur-

faces to be different, and the Lima prcecursor to be a good species.

In the L. gigantea, the longitudinal striae are broader and more
uncertain in their width than in the above shell, and the striae are

crossed by innumerable concentric raised lines, which are wanting
in the L. prcecursor.

"When the test is perfect, this shell is nearly smooth (the ornamen-
tation only becoming visible on the worn specimens from the " Flinty

bed " of Beer). It attains larger dimensions than the original figures.

Largest specimens, length 17 lines ; breadth 12 lines.

OsTREA INTERSTRIATA . PI. XY. fig. 25.

Plicatula interstriata, Emmerich.

This is one of the most abundant shells in the Rhaetic formation.

It characterizes the " Ostrea-bed " of the " White Lias " in the sec-

tions given by Dr. Wright, at Garden Cliff, Wainlode Cliff, and in

Warwickshire. It occurs in the "White Lias" of the West of

England, and is also especially abundant, both in the Yallis clay-

bed, and in the Mammal-drift near Erome. It is one of the most
characteristic fossils of certain of the Continental Rhaetic zones.

Ostrea fimbriata, Moore. PI. XYI. fig. 24.

A species of Ostrea with a fimbriated margin is associated with
the 0. interstriata in the blue clay-band at Yallis. It attains much
larger dimensions than the foregoing, but has hitherto only been
found in fragments.

Pecten Yaloniensis, Defrance. PI. XYI. fig. 6.

This shell occurs in the Rhaetic beds in most localities. I have
obtained it from the " White Lias " of Stoke St. Mary ; in the
Avicula contorta zone at Uphill ; and in the blue clay-band at

Yallis. It is usually in fragments or much crushed. Fragments
are also found in the Mammal-bearing drift of the same neighbour-
hood.

Abca Lycettii, Moore. PI. XYI. fig. 7.

Shell subrhomboidal, convex; umbones anterior, slightly depressed

;

dorsal surfaces of the valves in the young shell with fine close-set

striae, which in the adult are nearly obliterated by acute concentric

or transverse lines of growth, leaving the longitudinal striae scarcely

perceptible, except on the ventral margin and anterior end ; anterior

side most convex, and rounding to the edge
;
posterior end depressed,

and separated from the side of the shell by an elevated indented rib,
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below which are three or four acute, indented, spreading costse. The
young shell possesses a sinus, commencing under the umbo and
widening to the ventral margin, which in the adult is less marked.

Obs. The area and the hinge-line of this beautiful species are not

clear of the matrix. It is very rare, and single valves only are

found. It is named after my friend Dr. Lycett, of Scarborough.

Loc. From the " Flinty bed " of Beer-Crowcombe. Professor

Suess has informed me that a somewhat similar shell is found in

Rhajtic beds at Hirtemberg, south of Yienna.

Axixtjs, Sowerby.

Shells of this genus occur in the greatest abundance on the surfaces

of shelly layers of the * ; Flinty bed " at Beer-Crowcombe. They pre-

sent considerable variety; so that were we disposed to multiply species,

many might be created. We propose, however, giving four well

marked forms, though probably even these may not be distinct

species, as passages between them might be established.

Few shells have been subject to greater transposition, or have

been placed under so many different genera, as those included in the

group under notice. Yon Credner in ' Leonard und Bronn's Jahrbuch

'

1860, p. 307, remarks that one of the Bhaetic species has by Boemer
been called Venus liassim, but without a figure

;
by Quenstedt in

' Der Jura,' Opis cloacinus ; that Escher notices it, but without

naming it, from the Kiissen beds
;
by Oppel and Suess it is called

Schizodus cloacinus ; and that it had previously been given by Borne-

mann, but without a figure, as Tceniodon Ewaldi of Dunker.

In previous notices of the fossils from this zone, by Mr. Strickland,

the Bev. P. B. Brodie, and Dr. Wright, reference is made to a shell

called Pullastra arenicola, Strickl., which is said to occur very

abundantly, but only in casts, and of which no figure has been given :

there is no doubt it belongs to the group under consideration. Similar

shells have also been included by other English authors under the

genera of TeUinites, Isocardia, Cucullcea, Donax, Sedgivickia, and

ScJiizodus.

It is not clear wherein the following shells from Beer differ from the

Axinusoi Sowerby; and his name,having priority,is therefore retained.

Axmvs cxoAcrxTTs. PI. XY. fig. 16.

Opis cloacinus, Quenstedt, Der Jura, tab. 1. fig. 35.

Shell triangular, quite smooth or with very delicate transverse

striae, broader than long, convex ; umbones slightly anterior ; anterior

end rounded
;
posterior end slightly extended, divided from the dorsal

surface by a depressed ridge running from the umbo to the posterior

ventral margin
;
beyond this ridge is an obtuse angulated area.

This is the most abundant of this group of shells, and its charac-

ters appear to be persistent. It is more equilateral than the other

forms accompanying it, and answers to the figure given of Opis cloa-

cinus in Quenstedt's ' Der Jura In the best-preserved specimens

* This shell also resembles the Myophoria of Merian in Escher's Vorarlb.

PL iv. fig. 42.
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the exterior is covered with a hluish or cream-coloured enamelled

surface, the transverse striae being exhibited only on the more worn
examples. "Width 7 lines

;
length 5 lines.

Locality. The " Flinty bed " of Beer-Crowcombe.

Axixtts depresses, Moore. PI. XV. fig. 17.

Shell flattened, convex, transversely oval, nearly smooth or with

distant transverse lines of growth, inequilateral ; umbones depressed,

slightly anterior ;
posterior and anterior ends towards the ventral

margin somewhat rounded.

This shell is much flatter than the A. cloacinus, and its form gene-

rally more rounded
;
and, whilst the latter possesses a decided poste-

rior ridge and acute area, in the A. depressus they are more rudi-

mentary, or with but a slight thinning out of the valve towards the

posterior edge. Length 5^ lines ; breadth 9 lines.

Axnars concentricfs, Moore. PL XV. fig. 19-21.

Shell rather small, transverse, ovate, flattened, inequilateral

;

umbones convex, anterior
;
posterior end produced, with a slight

ridge and flattened area, which commence from the umbo ; ventral

margin and anterior side rounded; dorsal surface with numerous
regular or widely separated concentric lines of growth, which
obliquely cross the area.

Quenstedt, in ' Der Jura,' tab. 1., gives some bivalves of uncertain

forms. His figures 28 & 30 in all probability represent the above

species.

Locality. It is common in the " Flinty bed" of Beer. Largest ex-

ample, length 4 hues ; breadth 5 lines.

Axtntjs elongattjs, Moore. PI. XV. fig. 18.

Shell originally smooth, equivalve, inequilateral, convex ; umbones
anterior ; dorsal surface covered with very fine, close-set, regular,

transverse striae ; anterior side rounded
;
posterior side flattened and

produced, and tapering to the ventral surface.

This shell is to be distinguished from those previously described

by its more transverse elongation, by the finer and more regular

striae on its surface, and by its being more inequilateral. Two
examples only of this genus, belonging to the above species, with
both valves, are in my possession. Height 3 lines ; breadth

5 lines.

Locality. From the " Flinty bed " of Beer-Crowcombe.

Pleurophortts elongatus, Moore. PI. XV. figs. 14, 15.

Shell ovately oblong, depressed, most convex at the umbones,
which are very anterior ; anterior end roundly tapering, posterior

end flattened, angular ; from the umbones a ridge crosses the valve

to the posterior ventral end, behind which is an angulated area ; a
second more depressed ridge separates this from a lengthened flat-

tened dorsal margin. The front of the shell possesses lines of
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growth, which cross the ridges at right angles, and return obliquely

on the dorsal side towards the uniboncs.

Examples in our possession present considerable variety, depending
on the more or less worn condition of the test. In some the lines

are very acute, whilst in others tbe shell has a much smoother
surface.

Under the name of Cypricardia Suevica, a shell is figured by Oppel
and Suess in " Kossencr Schichten," table 1, fig. 4, from Niirtingen,

which, though apparently distinct from our species, probably belongs

to the same genus.

Hitherto the genus has not been recognized higher than the Per-
mian beds.

Locality. The " Flinty bed" of Beer-Crowcombe. Perfect speci-

mens are rare. Length of largest examples 18 lines
; depth 7 lines.

Pleuroporus axgtjlatus, Moore. PI. XY. figs. 12, 13.

Shell rather small, inequivalvc ; umbones small, depressed, ante-

rior ; anterior end angular
;
posterior end deepest, flattened, and

slightly angular; dorsal surface of perfect shell quite smooth,

crossed by three acute, slightly curved ribs passing from the um-
bones to the posterior ventral margin.

This species is rare. It may readily be distinguished from the

P. clongatus by its very obtuse form, and by its generally smoother
surface. Length 8 lines

;
depth ty.

Locality. The " Flinty bed," Beer-Crowcombe.

CaRDIT/M PHJETICril. PI. XV. fig. 28.

Cardium Iihaticion, Merian, Eschers Yorarlb. pi. 6. fig. 40, 41.

Shell nearly smooth, globose, convex, nearly equilateral ; umbones
prominent, beak recurved

;
posterior and anterior sides rounded

;

ventral margin round and slightly extended
;
posterior end with

numerous depressed longitudinal ribs ; dorsal surface either quite

smooth or crossed by very numerous faint concentric stria?, which
decussate the longitudinal ribs on the posterior side.

This shell appears to have been quite smooth in its more perfect

condition, and only shows the stria? on its dorsal surface in speci-

mens that are more or less worn. Length 7 lines ; breadth 8 lines.

Locality.—The " Flinty bed " of Beer, where it is somewhat rare.

Leda Titei, Moore. PI. XV. fig. 25.

Shell oblong, equivalve, rather inequilateral, convex, inflated,

thick ; umbones closely incurved over a concave oblong area ; mar-
gins of the valves close-set and smooth ; ventral margin and ante-

rior side rounded ;
posterior end produced ; exterior of the valves

covered with very fine, regular, concentric, transverse stria?.

I have but one example of the above shell ; but this is fortunately

in very good condition, and is one of only three instances from Beer

in which both valves of the shell are attached. Oppel and Suess in

" Kbssener Schichten," tab. 2. fig. 9, have given a shell under
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the name oiLeda D&ffmrl (the Leda alphia in Winkler, pi. 1. fig. 8).

The shell figured by these authors differs materially from the Leda

Titei. The umbones of the former are more anterior ; the posterior

side is angular and more attenuated ; and the concentric striations

altogether differ. Indeed, as far as I can judge by the figures of

these authors, their shells represent, not the genus Leda, but that

variety of the Axinus which I have given under the name of the

Axinus elongatus (PI. XV. fig. 20).

It is named after my friend Wm. Tite, Esq., M.P., F.R.S., F.G.S.

Locality. Beer-Crowcombe. Height 4| lines ; breadth 8 lines.

Modiola minima, Sow. PI. XV. figs. 26 & 27.

Mytilus minutus, Goldfuss, Petref. ii. p. 173, pi. 130, fig. 6.

Shell elliptical, convex, smooth or with concentric irregular

striations; umbones thick and blunted, subterminal; hinge-line

straightened
;
upper portion of the dorsal surface much convex, and

flattening to the central margin, which is rounded.

This shell is one of the most abundant in the " Flinty bed " at

Beer-Crowcombe, and is also common in the " White Lias " in many
localities in the West of England. It is also one of the most cha-

racteristic shells of the Ehastic sandstones of Suevia. It presents

considerable varieties in form, some being thinner and more elongated

than others. In its young state it is very obtuse and convex. They
occur at Beer from 2 lines in length by li line in height, to 20 lines

in length, and 10 lines in height in adult examples.

Pxeromta, Moore, 1861.

Shell oblong, thin, smooth, convex but depressed, inequivalve, in-

equilateral ; umbones anterior, depressed, and curving to the ante-

rior side ; dorsal margin extended, slightly rounding or acute ; ven-
tral margin rounded ; anterior side most convex

;
posterior side

flattened, concave, curved, widely gaping. Dorsal surface covered

with strong transverse concentric or wavy lines of growth, which
on the right valve continue to the posterior edge. On the left valve

these are interrupted on the posterior side by a ridge, passing from
the umbo to the posterior ventral margin, beyond which the shell

is extended into a flattened or concave winged area, with a rounded
or angular margin at the ventral extremity.

We are not aware that the inequivalve character in the genus
proposed above is so largely possessed by any other of the Myadce,

to which family it evidently belongs. All the shells in my posses-

sion are single valves, and none have the interior or the hinge

exposed. For some time we were disposed to consider that valves

having so different a character were to be referred to more than one

species ; and it was not until after an examination of many examples
that a satisfactory determination was arrived at respecting them;
it was then found in every instance that no right valve possessed

the ridge and extended area, which are present invariably on the

left. In other respects the valves are precisely similar.
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Ptekomya Cbowcombeia, Moore. PI. XY. figs. 22 & 23.

Shell thin, smooth, inequilateral, inequivalve, ovately oblong, con-

vex but depressed; anterior end most convex, rounded; posterior

side depressed or slightly concave, rising again towards the edge,

gaping ; surface of the valves either nearly smooth or with waved
transverse lines of growth, continued on the right valve to both

extremities
; posterior side of the left valve possesses a slightly

curved depressed ridge, passing from the umbo to the ventral mar-
gin, beyond which the shell is extended into a winged, flattened or

slightly concave area.

This shell is abundant; and in all the examples I have seen,

the right valve is without the posterior ridges and area, which are

invariably present on the left. Some of the shells have a grey ena-

melled exterior, in which state they are almost smooth. "When this

is abraded, the transverse striae are most visible. Height 7 lines

;

breadth 12 lines.

Locality. The " Flinty bed " of Beer-Crowcombe.

Pteromya simplex, Moore. PI. XY. fig. 24.

Shell nearly smooth, inequilateral, oblong, convex
;
posterior side

flattened, ridge acute, anterior moderately convex ; transverse lines

of growth on dorsal surface.

This shell differs from the P. Crowcombeia in being more regularly

convex, and in its straighter and more symmetrical form. Only the

left valve of this species is known.
Locality. Found in the " Flinty bed " with the P. Crowcombeia, at

Beer.

Myacites stbiato-geantlata, Moore. PI. XYI. fig. 1.

Shell ovately oblong, twice as wide as long, inequilateral, convex

;

umbones rather anterior ; anterior end slightly depressed, and side

rounded; posterior side extended, graduating to a rounded edge;

dorsal surface covered by a thin grey test, in which are situated

innumerable minute rounded granulations, arranged in close-set

longitudinal lines, most prominent on the anterior side ; these are

crossed, especially towards the ventral margin, by numerous fine

transverse lines of growth.

Only one specimen of the above shell has been found. "Width

20 lines
;
length 10 lines.

Locality. The " Flinty bed," Beer-Crowcombe.

Although it will be seen that there are several species of the

family of Mi/ado? from the Beer bed, specimens are by no means

numerous. "When studying these shells it is of importance to

attend to their external condition, without which specific forms

might be multiplied. Were the thin outer integuments in the above

shell abraded, its granulated character would disappear, leaving it

either nearly smooth or exhibiting only its transverse lines of

growth, such as are seen on the Anatina precursor, Quenst. (' Der

Jura,' pi. 1. fig. 32.) I am disposed to believe that if the latter

shell, together with the A. Suessii, Oppel, found in the Rhcetic
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beds, had possessed their tests, they would have to be removed from

Anatina to Myacites. Both species are given below, but are not in

a condition to establish this point.

Anatina? pe^ecuesob, Quenstedt. PL XYI. fig. 3.

Shell transversely oblong, subtriangular or ovate, convex, inequi-

lateral ; anterior side rounded, depressed
;
posterior end extended

;

umbones rather anterior, depressed ; transverse lines of growth on

dorsal surface distinct, curving round a slight area on the posterior

dorsal margin.

It is not improbable that this shell may hereafter be found to

possess a granulated exterior ; but the surface of the test is removed

in the examples in my collection. As it does not possess the cha-

racters of the genus Anatina, and also differs in shape, it may have

to be removed to Myacites. Width 14 lines
;
height 7 lines.

Locality. From the " Flinty bed" of Beer-Crowcombe.

Anatina? Stjessi, Oppel. PI. XVI. fig. 2.

Shell ovately oblong, conical, twice as wide as long, inequilateral

;

umbones anterior, shghtly depressed ; anterior end rounded
; poste-

rior side flattened, edge rounded, shghtly curving upwards ; frontal

margin of she'll concave ; a very slight ridge from the umbo crosses

the shell obliquely, dividing it into two nearly equal portions. The
surface is covered, by concentric striations, which on the posterior

side curve upwards.

This shell somewhat differs from the figure given by Dr. Oppel

;

but there cannot be a doubt that it belongs to the same species.

That gentleman remarks that the species is found with the Anatina
prcecursor in the sandstone about 8 feet below the Bone-bed at

Niirtingen. In my example the outer integument is removed ; and
therefore the precise character of the exterior may not be given in

the figure. Like the last-named? shell it may eventually have to be
referred to Myacites. Width 16 lines; height 8 lines.

Locality. From the " Flinty bed " of Beer-Crowcombe.

Myophobia posteea, Bronn. PL XYI. figs. 8-10.

Trigonia postera, Quenstedt.

Perfect shell quite smooth, trigonal, convex ; anterior and ventral

margins slightly rounded ; umbones rather depressed, directed ante-

riorly ; area broad, and often very acute, with about twenty longi-

tudinally curved, somewhat variable costoe; dorsal surface smooth
when perfect, when worn presenting numerous regular concentric

transverse ribs, which in some examples cross the marginal carina,

when it is distinctly denticulated. In the left valve the carina is

distinct and single, either smooth or denticulated, and widening to

the frontal margin. In the right valve the shell possesses two or

more carina?, separated by smooth longitudinal sulcations.

From the above remarks it will be seen that, like many others

of the family, this shell presents considerable variety, which in this

case does not appear to be due to age. Attention is also neces-



508 PROCEEDINGS 0E THE GEOLOGICAL SOCIETY. [May 22,

sary to the condition in which the shells are found ; for in many
of the Beer specimens the outer surfaces of the shells are pre-

served. They are then seen to have perfectly smooth exteriors,

whilst when this has been eroded or has perished the transverse

stria) on the dorsal surfaces are perceptible. Without attention to

this fact several species might be created from what are only vari-

eties or different conditions of the same shell. The areas in the M.
postera are much more acute in some examples than in others, but

they all possess, though with some little modification, longitudinal

stria? of the same general character. The transverse striae on the

dorsal surface amount to upwards of fifty in number. Height of

shell 5 lines ; breadth 5| lines.

Locality. From the "Flinty bed" of Beer, where it is not un-
common.

Certthiem constrictum, Moore. PL XVI. fig. 13.

Shell small, narrow, elongated, tapering, apex rather obtuse

;

volutions six or seven, each ornamented with three prominent equi-

distant transverse ribs, volutions separated by a deep angular con-

cavity.

Observations. This is a pretty and well-distinguished species.

Between the ribs there are indications of slight longitudinal strias.

The aperture appears to have been rounded, but is imperfectly dis-

closed. It is very rare. Length 3 lines ; width f of a line.

Locality. The "Flinty bed" of Beer.

Ceeithium decoratujt, Moore. PL XVI. fig. 14.

Shell small, turreted, tapering, reticulated ; volutions eight or nine,

conical, with encii-chng prominent ribs ; sutures concave, angular

;

oblique longitudinal strioe cross the ribs, and, passing into the angles

of the sutures, give the shell a generally reticulated aspect.

Of this shell I have only two examples. Length 3 lines ; breadth

1 line.

Locality. The " Flinty bed " of Beer.

CeRITHIEH CYLIXDEICT3I, Moore. PL XVI. fig. 15.

Shell small, very slender, regularly tapering ; volutions ten, orna-

mented with three transverse slightly oblique ribs, volutions rather

distant, with a somewhat rounded concave suture.

This shell is very rare, and is to be distinguished from the C .

constriction by its more elongated and cylindrical form, the whorls in-

creasing very slowly in size, and also by its less angular and rounded

sutures. Length 2| lines ; width | a line.

Locality. The " Flinty bed " of Beer.

Cerithtcm Rujsticum, Moore. PL XVI. fig. 1G.

Shell small, tapering ; volutions seven or eight, flattened, with

encircling stria;, the coarsest of which are situate over the sutures,

which are slightly concave.

This shell differs from those previously described, by the more
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flattened surface of the whorls, which have a greater number of en-

circling ribs, and by its possessing one or more depressed ribs which

pass into and divide the suture. Height 3 lines ; breadth | line.

Locality. The « Flinty bed " of Beer.

Cylindrites fusiformis, Moore. PI. XVI. fig. 18.

Shell very small, smooth, apex acute, with four rather oblique

volutions, the upper ones flattened ; the last whorl more convex and

ovate, and tapering at its base into an extended folded columella.

Aperture longitudinallyoval. Length Inline; width ^line. Three spe-

cimens of this shell are in my cabinet from the " Flinty bed " of Beer.

All the species of this genus at Beer are very minute. Some casts

of larger size have been found in the Rhaetic beds of Suevia ; and
M. Merian mentions a species from the beds of Vorarlberg.

Cylindrites ovalis, Moore. PI. XVI. fig. 19.

Shell small, smooth, longitudinally ovate, apex acute ; whorls five,

regularly tapering and slightly convex, terminal whorl large and
convex. A slight ridge encircles the upper portion of the whorl.

Lines of growth are perceptible on the last volution. Aperture

narrow at the top, but expanding at the base. Only one specimen

of this shell is known. Length 4 lines ; breadth 2 lines.

Locality. The " Flinty bed " at Beer.

Cylindkites elongatus, Moore. PI. XVI. fig. 20.

Shell smooth, elongate, cylindrical ; whorls five, the upper convex,

spiral, and divided by a narrow rounded suture. The terminal whorl
is quite cylindrical and occupies nearly four-fifths of the entire length

of the shell. Aperture not exposed.

Only one specimen of this species has yet been found. Its length

is 2| lines ; breadth 1 line. It appears very similar in form, though
smaller, to a cast figured in ' Kossener Schichten' (tab. 1. fig. l),by
Oppel and Suess, under the name Actceonina, sp.

Locality. From the " Flinty bed " of Beer.

Cylindkites ovifokmis, Moore. PI. XVI. fig. 21.

Shell very small, smooth, elongate, cylindrical ; whorls four, with
a very depressed spire

;
apex rather acute. The terminal whorl is

cylindrical, occupying the greater length of the shell, and at its

base is folded and slightly tapering.

This shell differs from the G. elongatus chiefly in the more depressed

character of the upper whorls, and in its more tapering base. Length

2| lines, breadth 1 line. Aperture the length of the last whorl, and
very narrow.

Locality. The " Flinty bed," Beer-Crowcombe.

Chemnitzia Henkici ? PI. XVI. fig. 12.

Ceriihium Henrici ? (Martin), Mem. Soc. Greol., 2 ser. vol. vi. pi. 2.

fig. 17, 18.

Shell small, tapering, thick ; volutions six or seven, conical, narrow,

with rather oblique or curved longitudinal prominent costse ; sutures

slightly concave and rounded
;
aperture slightly extended.

VOL. XVII. PART I. 2 M
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I have but one adult example of this shell, and this has lost a
small part of its apical portion. The terminal whorl is rather more
conical and ovate, and its striae, which are about sixteen in number,
are less prominent than on the preceding whorls. This shell is in

height 3 lines ; in breadth 1 line. It is, with some doubt, referred

to the Cerithium Henrici of Martin, though it seems rather thinner.

I am possessed of another very small Rissoa-looking shell with
four whorls, which may probably be its younger form.

Locality. The " Flinty bed " at Beer.

Chemnitzia nitlda, Moore. PI. XVI. fig. 11.

Shell small, smooth, turreted, spire rather obtuse, with five slightly

oblique, rounded or convex volutions, separated by a well-defined

suture.

We have obtained only one example of this shell. Dunker
figures a Rhaetic shell under the name of Paludma solidula, which
appears to be similar to it. Unfortunately, as is the case with most
of the Rhaetic shells from Beer, the aperture is not exposed, and
therefore does not help to a generic determination

;
but, as the whorls

of the above shell on close examination present a tendency to be
slightly costated, we are induced to place it under the above genus.

Length 2| lines ; breadth 1 line.

Locality. The " Flinty bed," Beer.

Natica Oppelii, Moore. PI. XVI. fig. 17.

Shell small, smooth, glossy, globose ; whorls four, convex
;
spire

depressed
;
apex acute ; the last whorl much increased in size, and

showing lines of growth ; umbilicus small
;
aperture large, ovate.

This is the only Xatica yet found in this zone in England. It

probably represents a cast given by Oppel and Suess in ' Kossener

Schichten,' tab. 1. figs. 3«, 36, and also by Quenstedt in 'Der Jura,'

tab. I. figs. 17-20, though our shell does not attain so large a size.

The former authors give figures of a still larger species, which, from

the casts, must have possessed more angular volutions. Natica

alpina, Merian, is also from Rhaetic beds, but is different from our

shell. It is the most common Gasteropod in the "Flinty bed" at Beer-

Crowcombe, and is named after my friend Dr. Oppel of Munich.

Troches Waltonii, Moore. PI. XVI. fig. 23.

Shell small, conical, obtuse ; whorls four or five, flattened or

slightly convex, covered with very fine transverse striae ;
aperture

oblique, depressed ; umbilicus small ; base flattened or slightly con-

cave, with five encircling striae.

In its young state this shell is abundant ; but the more adult

forms are not so. When young it is more depressed, and the striae

are more strongly marked.

The species, from the " Flinty bed " at Beer, is named after my
friend Wm. Walton, Esq. of Bath.

Troches nudes, Moore. PI. XVI. fig. 22.

Shell small, conical, quite smooth, striae obtuse ; volutions four or

five, slightly oblique, smooth, separated by a slightly oblique rounded
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suture; base smooth, moderately concave; mouth depressed,

oblique.

This species is found with the T. Waltonii, but is more rare, and
is well distinguished from it by the above characters.

Locality. The " Flinty bed," at Beer.

Stbapaeolus Suessii, Moore. PI. XIV. figs. 2-5.

Shell small, discoidal, depressed, thickest at the back ; whorls

flattening towards the umbilicus, and increasing very slowly without

change of form or ornamentation, the last whorl possessing about

sixteen tubercles situate close upon the back, each continuing into

a broad depressed rib, terminating in a small lengthened tubercle

over the umbilicus, with slight concave depressions between the

ribs. By aid of the lens very fine strise may be discovered which
are crossed by equally fine longitudinal lines, giving the shell a

slightly reticulated aspect. Under side somewhat concave, with
ornamentation less defined. Back of the shell flattened, with three

equally raised ridges, situate between two lateral, less elevated

tubercular ridges ; between the ridges are four smooth longitudinal

grooves.

I was at first disposed to consider this little shell an Ammonite

;

but, as a trifling difference is apparent on the sides, and also a very
slight concavity on the under side, this is rendered doubtful. With
some hesitation it is placed under the above genus. Only one spe-

cimen has hitherto been obtained. It is named after my esteemed
friend Professor E. Suess, of the Imperial Museum of Vienna, who
has given much attention to the fauna of the Ebsetic Beds.

Height of the shell 4 lines ; width 5 lines.

Log. The " Flinty bed," Beer-Crowcombe.

Chiton Eelzeticus, Moore. PI. XVI. figs. 28, 29.

Plate small, smooth, elongately ovate, rounded; umbo elevated, with
a broad sinus ; lateral areas extended and depressed, with irregular

concentric bines of growth

.

Numerous valves or plates of the above little species occur in the

blue clay-bed at Vallis. The largest example measures 3| lines in

breadth by 2 lines in depth.

ZoopTiyton.

MONTLIVALTIA.

This genus is represented in the " Flinty bed " at Beer by a

single specimen. It has been placed in the hands of Mr. Tomes for

description in his paper on new Liassic Zoophytes. He reports to

me respecting it, that it is " a horizontal section, near to the calices,

probably of some species of Montlivaltia. The septa are remarkably

thin, and their sides appear to be without tubercles. Fine cycla

are traceable, none of which appear to have met in the centre ; and
hence it is probable that in this species there was no spurious colu-

mella, which is so often seen in this genus. It must, however, be

remembered that this may depend in some measure upon the age of

the specimen."

2 m 2
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Echinodermata

.

Numerous fragmentary remains of this family, chiefly spines, are

to be found in the " "White Lias " of Stoke, &c., on the surface of the
" Flinty bed " at Beer, and in the blue clay at Vallis. Dr. Wright
enumerates four species from the " "White Lias " of Pinhay Bay—viz.

Cidaris Edivardsii, Wright, Pseudo -diadema lobatum, Wright, Hemi-
pedina Becliei, Broderip, H. Boiverbankii, Wright,—which, if from
the true " White Lias," we should consider Rhaetic species.

Ojphiura ?

A single joint found in the clay-band at Vallis appears to have
represented this or an allied genus in the Rhaetic age.

Encrinite.

Joints of a very small Encrinite are not uncommon in the blue

marl at Yallis.

Cirriped.

PoLLicir-Es Rn^ETicrs, Moore. PI. XVI. fig. 30.

Valves small, enamelled, elongated, triangular, pointed at the

upper end ; an elevated central ridge divides the valves longitudi-

nally, on either side of which are very fine longitudinal striae, which
are crossed by transverse lines of growth, giving the valve a richly

ornamented appearance. Length 1| line ; breadth 1|.

Though generally imperfect, the shell is not uncommon in the

blue clay resting upon the Carboniferous Limestone in the Vallis

section. It is at present the oldest known representative of the

family Cirripedia.

Entomostraca.

Ctpkis liassica (?), Brodie.

The upper surfaces of the blocks of " White Lias " in the sec-

tions near Taunton are frequently covered with the shells of this

little Crustacean. The same conditions prevailed when the *' Flinty

bed " at Beer-Crowcombe was deposited, as the shells are very nu-

merous on its weathered surface. In the Vallis section it is very

rare, and only represented by a single specimen attached to a frag-

ment of Lima precursor.

Esthekia MiNUTA, Alberti, sp.

Posidonomya minuta, Auct.

At the Vallis, near Frome, a few specimens of this little crustacean

occur in a cream-coloured limestone, and also in the conglomerate.

Plants.

Naiadita acuminata (?), Buckman, Geol. Cheltenham, p. 93.

Two little groups of Plants, apparently identical with the above,

have been found in the thin layers of stone interposed between the

Conglomerate and the Inferior Oolite at Vallis, associated with

examples of Estheria and Insects.

The stone is concretionary, and lithologically similar to the "White
Lias," or to the " Landscape-stone ;

" and I am therefore disposed to

consider it to be on the same horizon as the Cypris- and Plant-bed
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of the Eev. P. B. Brodie, noticed in his work on Fossil Insects. The
conglomerate separates it from the band of blue clay containing the

Avicula contorta, and the fish- and other remains previously noticed.

Carabidce.

A few wings of Coleopterous insects occurring with the Estheria and
Plants previously mentioned, appear closely allied to the Carabidce.

It will be seen, from the foregoing organic remains, that the beds

we propose including in the Bhaetic formation, embracing the " White
Lias " and those which in this country are between it and the Keuper
Sandstones, yield an interesting and peculiar fauna, differing in its

general facies from that found in the Lower Lias above, and entirely

from that in the Keuper Sandstones below ; whilst it also differs

from that in the St. Cassian stage, which follows the Bhsetic forma-
tion on the Continent.

On another occasion I hope to be able to make important additions

to the Mammalia, Beptilia, and Fishes of this zone ; but, without in-

cluding these families, I have shown that the MoUusea, Crustacea, &c.

amount to at least fifty-two species,—some of the genera, such as

Chiton, Pollicipes, and Pteromya, being recognized in it for the first

time ; and this list I have no doubt may be increased hereafter.

Dr. Oppel, in ' Kossener Schichten/ states that, on the whole, but

twenty-five species have been found in this zone abroad. Of these,

fourteen species at most are aU we are enabled to identify with
British species.

Table of British " JRhcetic " Fossils, from the Avicula contorta zone,

noticed in this Paper.

Genera and Species. Authority. Reference Locality.

Mammalb.

Microlestes antiquus

Pisces.

Sargodon tomicus
Squaloraia

Lepidotus, teeth of

Saurichthys acuminatus
apicalis

Acrodus minimus
Gyrolepis, scales of

Mollusca.

Avicula contorta

solitaria . . . . :

Anatina precursor
Suessii

Area Lycettii

Axinus cloacinus

depressus

concentricus

elongatus

Plieninger

Quenstedt
Riley & St.

PI. XV. fig. 1.

SSIZ

siz

ssiz

Portlock ..

Moore
Quenstedt
Oppel
Moore
Oppel & S.

Moore
Moore
Moore

Holwell.

Beer, Holwell.

Beer, Vallis, Holwell,

Beer, Vallis, Holwell.

Beer, Holwell.

Beer, Vallis, Holwell

Beer, Vallis, Holwell

Beer, Vallis, Holwell.

Cardium Rhajtieum iMerian.

PI. XV. fig. 10.

PL XV. fig. 11.

PI. XVI. fig. 8.

PI. XVI. fig. 2.

PI. XVI. fig. 7.

PI. XV. fig. 16.

PI. XV. fig. 17.

PL XV. figs. 19-21. Beer.

PL XV. fig. 18. Beer.

PL XV. fig. 28. Beer.

Beer, Vallis, &c. &c.

Beer.

Beer.

Beer.

Beer.

Beer.

Beer.
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Table of British " Rhcetic " Fossils, from the Avicula contorta zone

(continued).

Genera and Species. Authority.

Mollusca.
Discina Townshendii Davidson...

Gervillia precursor Quenstedt .

ornata Moore
Lima precursor Quenstedt .

Leda Titei Moore
Modiola minima Sowerby . .

.

Myacites striato-granulata . Moore
Myophoria postera Quenstedt .

Ostrea fimbriata Moore
interstriata Emmerich .

Pleurophorus angulatus . . . Moore
elongatus Moore

Placunopsis alpina Winkler . .

.

Pteromya Crowcombeia ... Moore
simplex Moore

Pecten Valoniensia Defrance . .

.

Bivalves, uncertain I

Straparolus Suessii {Moore
Trochus nudus Moore

Waltonii Moore
Chemnitzia nitida

j
Moore

Cerithium Henrici ? Martin . .

.

constrictum Moore
decoratum Moore
cylindricum Moore—— Rhasticum

!Moore
Chiton Rhaeticus 'Moore
Cylindrites fusiformis Moore

ovalis {Moore
elongatus Moore
oviformis Moore

Natica Oppelii Moore

Planta.

Naiadita acuminata Buckman .

Crustacea.

Cypris liassica Brodie .

Estheria minuta Alberti.

ClHRIPEDON.

Pollicipes Rhaeticus .

.

ECHINODERMATA.

Echini, spines, &c. ..

Ophiura?, joints of ..

Encrinites, stems of .

.

ZOOPHYTUM.

Montlivaltia

Reference.

XV. figs. 6, 7.

XV. fig. 8.

XV. fig. 9.

XV. fig. 25 .

XV. figs. 26, 27.

XVI. fig. 1.

XVI.figs.8-10.

XVI. fig. 24.

XVI. fig. 25.

XV.figs.12,13.

XV.figs.14,15.

XVI. figs. 4, 5.

XV. figs.22,23.

XV. fig. 24.

XVI. fig. 6.

XVI.figs.26, 27.

XV. figs. 2-5.

XVI. fig. 22.

XVI. fig. 23.

XVI. fig. 11.

XVI. fig. 12.

XVI. fig. 13.

XVI. fig. 14.

XVI. fig. 15.

XVI. fig. 16.

XVLfigs. 28,29.
XVI. fig. 18.

XVI. fig. 19.

XVI. fig. 20.

XVI. fig. 21.

XVI. fig. 17.

Moore PI. XVI. fig. 31.

I.NSECTA.

Carabidxe ? wings of .

Annelide.

Serpula, traces of ...

.

Locality.

Beer.

Beer.

Beer.

Beer.

Beer.

Beer, &c.

Beer.

Beer.

Vallis.

Vallis, Stoke, &c. &c.

Beer.

Beer.

Beer.

Beer.

Beer. [&c,

Vallis, Uphill, Stoka
Beer.

Beer.

Beer.

Beer.

Beer.

Beer.

Beer.

Beer.

Beer.

Beer.

Vallis.

Beer.

Beer.

Beer.

Beer.

Beer.

Vallis.

Beer, Stoke,Vallis, &c
Vallis.

Vallis.

Vallis. Stoke, Beer,&c,

Vallis.

Vallis.

Beer.

Vallis.

Beer.
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Appendix.

Section at Shepton-Mallet.
—

"Whilst thi3 paper has been going

through the press, I have made an excursion along the unfinished line

of Railway from Shepton-Mallet to Wells. In doing this I was much
gratified to find that an admirable section of the Rheetic beds has

been opened up, in which all the strata from the Red Keuper Marls

to the Ammonites Buchlandi beds are exposed. There is probably

no other section in this country in which continuously, and at one

view, these zones of rock can be so well studied ; and fortunately

there is every probability that the sides of the railway-cutting at

this point will always remain open. The section given below is

about a mile west of Shepton-Mallet ; the beds have a gradual dip

to the east towards that town.

Section at Shepton-Mallet (in ascending order).

ft. in.

1. Red Keuper Marl 10
2. Yellowish sand 1

3. Green sandstone 1 3
4. Clay 2
5. G-reen sandstone 2
6. G-reen sandstone 2 6
7. Clay 4
8. Yellowish sandstone 9
9. Clay 2

10. Yellowish sandstone 6
11. Greenish clay 5
12. Yellow sandstone 1

13. Blue clay 1

ft. in.

14. Blue stone 10
15. Blue stone 9
16. Clay 1

17. Stone 4
18. Dense black clay 12
19. Flinty bed 1

20. Blue clay 2 6
21. " White Lias ;" about twenty beds

;

passing upwards into thin and
somewhat irregular beds repre-

senting the Saurian and other

zones at Beer-Crowcombe and
Street.

The sandstones Nos. 3 to 14, which are superimposed upon the

Red Marls, would yield very excellent building-stone, could they be

extracted over any considerable area. They are apparently destitute

of organic remains, though they contain the black vegetable-like

patches noticed in the same zone at Beer-Crowcombe : what these

are derived from, it is difficult to conjecture.

No. 18 is a black laminated clay, 12 feet in thickness, full of the

impressions of Rhaetic shells. The Avicula contorta is very abun-
dant, and attains double the size of our figured specimen. Aocinus,

Cardium, Myacites, and other genera are also present.

No. 19, which rests immediately upon the above, is the equivalent

of the "Flinty Bed" of Beer-Crowcombe. Its lithological appearance
is precisely similar

;
but, although it contains many organic remains,

they are in so comminuted a state that very few are to be extracted

entire. On its outer surface are a few scales and teeth of Fishes of

the age of the Bone-bed, which, as at Beer-Crowcombe, is entirely

wanting, as a distinct bed, in this section, though it is to be found in

otber places near Shepton-Mallet.

The blue clay, JSTo. 20, 1 was unable to examine for organic remains.

The " White Lias," and the beds passing upwards, are not so well

represented as in other sections in the West of England, the beds

being thinner, more irregular, and without the clay-partings present

in the latter sections.
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EXPLANATION OF PLATES XV. & XVI.

PLATE XV.
Fig. 1. Sargodon tomicus, Quenstedt, nat. size. Beer.

2. Straparolus Suessii, Moore, natural size. Beer.

3. ,, „ upper surface, enlarged.

4. „ ,, back view, enlarged.

5. „ „ under surface, enlarged.

6. Gervillia prsecursor, Quenstedt, right valve, showing lines oforiginal colour.

Beer.

7. G-ervillia praseursor, left valve. Beer.

8. ornata, Moore, enlarged. Beer.

9. Lima pra?cursor, Quenstedt, nat. size. Beer.

10. Avicula contorta, Portlock, nat. size. Beer.

11. „ solitaria, Moore, enlarged. Beer.

12. Pleurophorus angulatus, Moore, enlarged. Beer.

13. „ „ left valve ; worn. Beer.
14. elongatus, Moore, nat. size. Beer.

15. „ „ right valve; nat. size. Beer.

16. Axinus cloacinus, Quenstedt, enlarged. Beer.

17. depressus, Moore, nat. size. Beer.

18. elongatus, Moore, enlarged. Beer.

19. concentricus, Moore, left valve, enlarged. Beer.

20. „ „ right valve, enlarged. Beer.

21. „ ,, variety, enlarged. Beer.

22. Pteromya Crowcombeia, Moore, left valve, nat. size. Beer.

23. „ „ right valve, nat. size. Beer.

24. simplex, Moore, left valve, nat. size. Beer.

25. Leda Titei, Moore, perfect shell, slightly enlarged. Beer.

26. Modiola minima, Sowerby, nat. size. Beer.

27. „ „ (?) young, enlarged. Beer.

28. Cardium Rhaiticmn, Merian, nat. size. Beer.

PLATE XVI.
Fig. 1. Myacites striato-granulata, Moore, showing the granulated surface, nat.

size. Beer.

2. Anatina? Suessi, Oppel, nat. size. Beer.

3. ? precursor, Quenstedt, nat. size. Beer.

4. Placunopsis alpina, Winkler, large valve, nat. size. Beer.

5. ,, „ exterior of small valve, nat. size. Beer.

6. Peeten Valouiensis, Defrance, nat. size.

7. Area Lycettii, Moore, nat. size. Beer.

8. Myophona postera, Quenst., right valve, enlarged. Beer.

9. „ „ left valve.

10. „ ,, left valve, showing denticulated carina.

11. Chemnitzia nitida. Moore, enlarged. Beer.

12. Henrici, Martin, enlarged. Beer.

13. Cerithium constrictum, Moore, enlarged. Beer.

14. decoratum, Moore, enlarged. Beer.

15. cylindricuin, Moore, enlarged. Beer.

16. Rhteticum, Moore, enlarged. Beer.

17. Natica Oppelii, Moore, enlarged. Beer.

18. CyUndrites fusiformis, Moore, enlarged. Beer.

19. oralis, Moore, enlarged. Beer.

20 elongatus, Moore, enlarged. Beer.

21. oviformis, Moore, enlarged. Beer.

22. Trochus nudus, Moore, enlarged. Beer.

23. Waltoni, Moore, enlarged. Beer.

24. Ostrea fimbriata, Moore, nat. size. Vallis.

25. interstriata. Emmerich, nat. size. Vallis.

26. Bivalve, uncertain, nat. size. Beer.

27. ,. „ nat. size. Beer.

28. Chiton Rhaticus, Moore, single plate, enlarged. Vallis.

29. „ „ interior, enlarged. Vallis.

30. Pollicipes Bhaeticua, Moore, enlarged. Vallis.
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June 5, 1861.

Joseph Tolson White, Esq., Mining Engineer, Wakefield, York-

shire, and William Boyd Dawkins, Esq., B.A., Jesus College, Oxford,

were elected Fellows.

The following communications were read :

—

1. On the Occurrence of Large Granite Boulders, at a Great Depth,

in West Rosewarne Mine, Gwinear, Cornwall.

By H. C. Salmon, Esq., F.G.S.

At West Rosewarne Mine, in the parish of Gwinear, Cornwall, some

remarkable granite-boulders have been met with in the 50-fathom

level below the adit ; the adit being 24 fathoms deep from surface,

this 50-fathom level is consequently 74 fathoms from surface.

The sections given in the accompanying figs. 1, 2, 3, show the

form and position of these boulders in the level. Their full size

cannot be ascertained, for they extend, as will be seen, into the roof

and south side of the level
;
but, taking those parts which are exposed,

there appear to be two large boulders, about 4 inches apart, the

eastern one projecting down 3 feet into the level, and the western

one projecting down 2 feet, as shown in the vertical section, fig. 2.

The length and width of these in the back of the level are shown
in the section (horizontal), fig. 3. The length of the eastern boulder

is 4 feet 2 inches, and that of the western boulder 3 feet 10 inches

:

the width which they extend across the back of the level, from the

south side, is the same for both, viz. 2 feet 9 inches. The particular

form of these boulders, and their relative position to each other, are

fully shown in the sections ; the vertical transverse section in fig. 1

.

across the great eastern boulder, shows the manner in which it, and
a smaller granite mass beneath it, originally penetrated across the

level—the dotted lines marking the portions removed in excavating

the level.

Besides these two large boulders, there are also five other smaller

granite boulders or pebbles found in their neighbourhood. The di-

mensions of the sections of these latter which appear in the south side

of the level are—(1.) 14 inches by 5| inches; (2.) 22 inches by
12 inches

; (3.) 11 inches by 8 inches
; (4.) 4 inches diameter

; (5.)

7 inches by 3 inches ; all shown in fig. 2, in the order given, from west
to east. It is worthy of remark that the two first-named—one lying

2 inches under the great eastern boulder, and the other lying a little

to the west of this, just under the point of contact of the two large

boulders—are more angular in form than either of the two large

boulders themselves, or either of the three remaining smaller ones.

Although the full size of the large boulders cannot be ascertained,

their probable size, judging from the portions exposed, would appear

to be nearly the same ; that is, about 6 feet in width and depth,

with a length of from 4 feet to 4| feet.

The locality where these boulders are found is shown by the draw-
ing* No. II. The West Eosewarne Mine is supposed to be worked

* Not engraved with this paper.
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Fig. 1.— Vertical Section across the Level at the line AB in jig. 2, show-

ing the original projection of the Boulders across the Level or Gallery.

e

a c

a, a. Killas. b, b. Granite-boulders, c, c. Lode.

Fig. 2.— Vertical Section along the side of the Level, showing the

Granite-boxdders on the South.

a b A a b a

a B a

a, a. Killas. b, b. Granite-boulders.

Fig, 3,

—

Horizontal Section, or Ground-plan, showing the Boulders

in the Back of the Level.

b a b

a, a. Killas. b, b. Granite-boulders, c, c. Lode.
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on the same lode as that wrought on in the Rosewarne United Mines
lying to the east, on the other side of the road. The direction of

this lode, which is about due east and west, extends east towards

the main granite-range of Crowan, which is about two miles distant

from West Eosewarne. In this mine, the direction of this main
lode is thrown out of its ordinary direction by taking a bend to the

left. At the point where (going west) this bend commences, a

branch-lode goes off with the same direction as the normal bearing

of the main lode : this lode is called the "north branch ;" and it is

on the south side of this, lying in the " killas " or " country," that

the boulders are found. The sections given in figs. 1 and 3 accu-

rately show the position of the boulders with regard to this branch-

lode, which is here from 10 to 12 inches wide, the latter width being

the maximum of the lode as far as it has been seen in the ground
opened. Both the large boulders abut up close against the lode, but

do not extend into it.

I have said that the boulders are in the " country " or " killas,"

which is so far correct that a defined line can be drawn between the

lode and the strata in which the boulders are imbedded. But al-

though this line can be drawn, there is yet a very striking analogy

between the two. The lode is almost entirely made up of breccia

(principally angular fragments of killas) ; and the " country " in

which the boulders occur is also itself of a brecciated and conglo-

meratic character, containing numerous small boulders and pebbles

of capel and porphyry (elvan) : they range from \ inch, or even less,

up to 12 inches in diameter, and are called by the miners " bullies,"

the small ones being called "young bullies," and the larger ones

"grown bullies." As a general rule, these rounded pebbles and
boulders seem to be found in the " country " in the neighbourhood
of the lode, but not generally in the lode itself, nor in the " country "

at any distance from the lode. In none of the cross-cuts entirely

away from the lode, in what miners would call " clean-country," are

any of these boulders to be seen. Thus the lodes themselves seem
to be essentially breccia, rarely containing round boulders or peb-
bles. The " country " in the immediate neighbourhood of the lode

is also brecciated, but in a minor degree to the lode itself, and is

eminently characterized by these rounded boulders and pebbles
;

while the "country" at a distance from the lodes is generally quite

free from either breccia or pebbles, which, as far as can be seen,

seem to die out gradually, and not to cease at any definite line.

These facts seem to me to prove satisfactorily that there is a decided
relation between the lodes and these breccia and boulder-character-
istics of the " country," which it should be our object to investigate

much more thoroughly and carefully than has hitherto been done

;

for, although similar phenomena have been frequently observed in

other mines in the same district, they seem to have been rather
regarded as matters of curiosity than investigated as facts which might
help to elucidate the conditions under which the lodes originated.

At Relistian Mine, west of West Rosewarne, and probably on the
same run of lodes, and at Herland Mine, to the north-west, on
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parallel lodes, the occurrence of boulders and pebbles has long been
noticed and recorded, particularly in the ' Transactions of the Royal
Geological Society of Cornwall,' which contain several references to

them. In vol. iii., in a paper " on the Granite of the western part

of Cornwall," p. 238, the late Mr. Came thus refers to the pebbles

at Eelistian :

—

" The pebbles of the Relistian Mine are well known : here, at a

depth of 100 fathoms below the surface (which is not higher than

the surrounding country), a mass of pebbles was discovered in the tin-

vein, about 12 ft. in length, and nearly the same in width and thick-

ness ; and scattered pebbles were found in the vein far beyond those

boundaries. The pebbles are slate,-—the same as the slate of the

country, which appears to have some chlorite in its composition,

—

and are cemented together by a chloritic substance. In the crevices

between the pebbles, and connected with the cementing substance,

are oxide of tin and yellow sulphuret of copper ; the former always
crystallized ; the latter, never."

In vol. v. p. 36, Mr. William Jory Henwood thus describes simi-

lar phenomena in the same mine and in Herland :

—

" At Relistian the slate contains numerous spheroidal concretions ;

some of them are compact, others schistose slate, and others are en-

tirely of quartz. In Herland, about 110 fathoms deep, there are nu-
merous nodular masses of granite, which consist of a base of felspar

with some quartz and a little mica ;
they are fine-grained and decom-

posing. They vary in size ; and whilst some are not larger than a

hazel-nut, others are two or three feet in diameter. Both at Relistian

and Herland they are entirely enveloped by the slate, and have no

apparent connexion with each other ; neither have the masses of

granite in the latter any contact with the lodes, or with any of the

small strings of quartz traversing the s]ate."

In Table 36 of the same vol. v., referring to the 155-fathom

level in Relistian, Mr. Henwood makes the following note :

—

" On both sides of the lode, but particularly on the north, the slate

is very soft, and opens in small joints : in this, round masses of slate

are often firmly imbedded. They are surrounded on all sides by
slate ; but this structure, which prevails in many parts of the rock,

is only visible on breaking it I was shown one round stone

of elvau which was said to have been found at 135 fathoms deep."

As far as I can ascertain, however, nothing as yet has been found

at such a depth, at all comparable, either in size or character, with

the boulders I have described. The largest referred to are stated as

from 2 to 3 feet in diameter, while those I have described must be

at least 6 feet in diameter. The mineral character also is decidedly

different ; for the granite of the pebbles and boulders hitherto found

seems to have been invariably of a porphyritic character, with cry-

stals of felspar and quartz crystallized out of a base (probably fel-

spathic), and with very little mica. Boulders of this class have also

been found in West Rosewarne, east of the cross-cut, in the fifty-

fathom level at the point marked b, and in the seventy-fathom level

at the point marked c, in the drawing No. II. .Specimens of these
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are on the table ; and an inspection of them will show their marked
porphyritic character. On the other hand, the composition of the

two large boulders, and of the two smaller and more angular fragments

beneath them, is such as is essentially characteristic of a large granite-

mass, there being an entire absence of any porphyritic characteristics,

and an abundant development of mica. Now, the smaller porphyry-

granite boulders are, most probably, true granite, and derived from

a large granite-mass ; but another hypothesis, which should assume

for them a derivation from some of the numerous elvan-courses

which traverse this district, would not be absolutely inconsistent

with the evidence of origin afforded by their mineral character

;

for elvan-courses do at times (particularly at considerable depths)

take an approximate porphyry-granite structure, and show some
mica : in their case, consequently, it woiild not be absolutely neces-

sary to assume their introduction from the surface
;
they might

have been introduced at considerable depths, and become rounded in

the lodes or broken country adjoining them. But in the case of these

large boulders, such a solution is scarcely conceivable. Their di-

stinctive mineral character places itbeyond doubt that theyare derived

from a large granite-mass ; and the distance of the nearest granite

from the locality where they are found seems to preclude any hypo-
thesis except that which would assume their introduction to have
taken place, by a fissure, from the surface. I leave out of the

question the hypothesis that these boulders can be considered as

being contemporaneous with the original deposition of the strata ; for

it appears to me that their evident correlation with the other boulders

and pebbles (which, although not necessarily, nor, indeed, usually

found in the lodes themselves, have yet been recognized by long expe-

rience as having anundoubted, althoughill-understood connexion with
tbem), taken in connexion with the brecciated and conglomeratic

nature of the country in which they are imbedded, renders any such

suggestion quite untenable. The whole bearing of the evidence shows
that the boulders must be taken as having been subsequently intro-

duced, and most probably by a fissure from the surface.

Still, a solution of this kind presents some peculiar theoretical dif-

ficulties. The only plausible hypothesis of the formation of metal-

liferous deposits such as those of Cornwall—the only one capable of

giving even an intelligible explanation of their phenomena—is that

which assumes them to be, like granite and some other crystal-

line rocks, of an essentially hypogene origin,—to have necessarily

originated at considerable depths, and become subsequently exposed
by the action of denudation. But if these boulders were introduced

from the surface, the lode must be of a date subsequent to the un-
covering of the neighbouring granite-range by the action of denuda-
tion, and be held to have become opened and filled comparatively

near the then surface, instead of being hypogene—of having originated

at great depths.

In searching for an elucidation of the obscure and complicated

causes under which metalliferous lodes have originated, nothing is

more important than to endeavour to ascertain what periods of time
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had elapsed between their formation and that of the eruptive rocks
with which they are generally associated, and which they usually
penetrate. Merely to ascertain, as we have already done, that the
lodes are generallysubsequent in age to these rocks, is of comparatively
little practical value ; what we want to know is, were they immedi-
ately subsequent, almost contemporaneous ?—or did long intervals of
time elapse between the formation of the one and the other ? Another
important consideration is, to ascertain at what depth beneath the
surface—under what amount of cover—did they originate.

Anything that can throw light on these subjects is of the highest
geological importance. It seems to me that these boulder-phenomena
of Gwinear may have that result ; but at any rate they are of great
interest as affording evidence of the physical conditions attending the
formation of, at least a certain class of, metalliferous lodes.

2. On an Erect Sigillaria from the South Joggins, Nova Scotia.

By J. W. Dawson, LL.D., F.G.S.

(Abridged.)

The erect trees so frequent in this celebrated coast-section, though
often distinctly ribbed, rarely show the minute markings of the leaf-

scars in a sufficiently perfect state to enable them to be compared
with those of the flattened trunks seen in the shales and ironstones.

This, no doubt, arises in part from the circumstance that the bases of

the trunks of Sigillarice did not always retain their characteristic

markings, and in part from the unfavourable influence of an erect

position in coarse and often laminated sediment. The specimen, to

which this note relates, and which I obtained in 1859 from a sand-

stone in Group XIY. of my section of the South Joggins*, affords an
exception to the generally imperfect condition of these trunks suffi-

ciently remarkable to merit a short notice.

The specimen measures 3 feet in height, and is 10| inches in

diameter at the base, 9 inches in the middle, and 7| inches at the

top, where it was abruptly broken off. At the base it shows the

usual tendency to divide into four main roots ; but these have been

nipped off or flattened by pressure, not having been filled with sedi-

ment. The trunk retains its form on one side, but on the other the

bark has been rent from top to bottom, and in part folded inward.

This seems to have been caused by the pressure of the surrounding

sediment, and has probably somewhat diminished the diameter of

the stem. The interior of the trunk is filled with grey sandstone,

similar to that of the enclosing bed. The outer bark, less than a

line in thickness, is in the state of bituminous coal ; and an internal

cast with a thin coaly envelope represents the pith. This internal

cast extends through the greater part of the length, but has fallen to

one side. It is only half an inch in diameter. The coaly matter

remaining on its surface shows, when prepared with nitric acid,

* Quart. Journ. Geol. Soc. vol. x. p. 6.
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cellular structure ; and traces of transverse Sternbergian markings

remain in parts of it, so that it must not be regarded as the woody
axis, which has disappeared, but merely as the pith-cylinder.

The leaf-scars and other surface-markings are preserved throughout

the specimen, but only in a few places in sufficient perfection to show
the more minute features of the former. At the upper part the ribs

are very prominent, and there are twenty-six in the whole circum-

ference, the breadth of each rib being about nine-tenths of an inch.

On the outer or cortical surface each rib is flattened, or even concave,

along the middle, and strongly rounded at the sides, descending into

deep intercostal furrows ; the flat mesial portion being smooth, the

lateral portions marked with sharp vertical ridges, and in places with

very delicate longitudinal and transverse striae. The leaf-scars extend

across the smooth middle portion of the rib, and are distant from each

other one inch vertically. In form they resemble those of Sigillaria

transverscdis, S. Defrancii, and S. Brocliantii, Brongt., being trans-

versely lanceolate, emarginate above, with acute lateral edges. Those
best displayed show two vascular punctures, with a third mark or pro-

minence between and rather below them. On the so-called ligneous

surface, or that of the inner bark, the ribs are slightly furrowed or

striated lengthwise ; and the leaf-scars are represented by two deep

punctures of the vascular scars.

In tracing the ribs downward, some of them wedge out and dis-

appear ; so that at the middle of the length of the trunk there may be

about 22 ; each with a breadth increased to one inch and four-tenths,

and flatter than those at the top, with the intercostal furrow shallower.

The leaf-sears are now widened transversely, and have lost their

minute markings on the cortical surface ; while on the ligneous

surface the vascular punctures are twice as far apart as at the top.

About the middle the vertical distance of the scars diminishes some-
what suddenly to seven-tenths of an inch.

In the lower third of the stem the ribs are quite obliterated, and
the whole surface is wrinkled with coarse waving striae or small

furrows, due apparently to the expansion of the outer bark. The
leaf-scars still remain in regular vertical rows ; but these are reduced

to about twelve, and apparently at the base to as few as nine. The
vertical distance of the scars is still about 0-7 inch ; but the transverse

distance between the centres of the rows is increased to 2-8 inches

or more. In form the leaf-scars are now transverse furrows, an inch

or more in length, and the vascular punctures are half an inch or more
apart in each scar.

Of the roots I could obtain no specimens ; but the markings on
the bark at the base of the trunk are precisely similar to those on
many Stigmarian roots found attached to less perfectly preserved

stems, and a few stigmaroid areoles are perceptible on the lower sur-

face of the stump.

The woody axis has entirely disappeared, nor does any mineral

charcoal appear in the base of the cast. It has either been entirely

removed by decay, or has been washed out by the waves before the

hollow bark was filled up.
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As this trunk appears to belong to a species not previously de-

scribed, and we have a better knowledge of its parts and mode of

growth than of those of most of the named species, I may propose

for it a specific appellation, and would call it Sigillaria Brownii in

commemoration of the many interesting discoveries in relation to

these plants made by my friend Richard Brown, Esq., of Sydney,
Cape Breton.

The author adds to this notice some remarks on points relating to

Sigillarke in general, illustrated by the specimen above-described :

—

1. The evidence of the exogenous growth of Sigillaria*. 2. The
decadence of the leaves from the lower part of the trunk in the living

state, and their abundance (as Gyperites), detached, in the coal-mea-

sures : the shorter vertical distance of the scars on the lower part of

the trunk, showing that, when young, the leaves were much more
crowded than subsequently : the absence of transverse bands of de-

formed and crowded scars sometimes seen on Sigillaricef, probably

connected with periods of fructification, and possibly occurring on

the upper part of the trunk only. 3. The difficulty of comparing
the characters of erect with those of prostrate Sigillariai. 4. The
species of Sigillaria found at the Joggins may amount to about

twenty ; and with reference merely to the habit of growth, without

regard to the resemblances or differences in the leaf-scars, these may
be arranged in three groups. The first will include the present

species with S. reniformis, S. alternans, S. organum, and another

(S. ovalis, mihi) with oral scars like those of S. catenulata but an

inch apart vertically. These have broad and well-marked ribs,

attain to a large size, and often occur erect. Other species with

narrow and less distinct ribs and more or less crowded scars, as

8. elegans, S. Knorrii, S. scutellata, S. Saullii, &c, do not appear to

have attained to so great diameter, and are more rarely seen erect.

In some of these species the markings and leaf-scars seem to be more

perfectly preserved to the very base of the trunk than in the species

before mentioned. A third group consists of species like S. Defrancii,

S. Menardi, &c, which are destitute of ribs and have the scars

arranged spirally . Some of these were of considerable diameter, others

quite small ; but they are rare, and I have not recognized them in

the erect position. 5. The bast-like tissue of the inner bark of

Sigillariai is abundant in some of the coal of the Joggins ; whilst

the discigerous tissue J is prevalent in the great Pictou coal-seam :

the author thinks that in the former case the decomposition of the

vegetable matter was probably subaerial, or like that of a forest- soil

;

whilst the conditions of the latter were those of peaty bogs.

A resume of the observations previously published regarding Sigil-

laria, by Brongniart, Corda, and others, is added in the supplemental

note to this paper.

* Quart. Journ. Geol. Soc. vol. x. p. 32.

t Ibid. vol. xv. p. 640.
+ Ibid. vol. xii. p. 631.



1801.] DAWSON TRIGONOCARPTTM. 525

3. Note on a Carpolite from the Coal-Formation o/Cape Breton.

By Dr. J. W. Dawson, F.G.S.

All the best authorities on coal-plants are disposed to refer the

seeds or fruits known by the generic names Trigonocarpum and

Rhabdocarpus to phaenogams, and probably to gymnosperms. In

this case they may have belonged to Coniferce or Sigillarice, or to

both. That they belonged in great part to the latter is, I think,

rendered probable by their occurrence very abundantly in the middle

part of the coal-measures where Sigillarice abound, by their various

forms corresponding rather to the many species of Sigillarice than to

the few of Conifers, and by their abundant occurrence in the interior

of hollow stumps of Sigillarice and in the surrounding beds. Still

these fruits or seeds may have belonged to very different plants

;

and, as an example of the type of structure most frequently associated

with Sigillarice, I have prepared a short notice of a species of which

veiy well-preserved specimens exist in my collection, and to which

I have assigned the name of

Trigonocarpum Hookeri. Figs. 1-5, page 526.

Numerous specimens of this species occur in a thin calcareous

layer in the coal-measures near Port Hood, Cape Breton. They are

not compressed, and are fossilized by calc-spar and iron-pyrites.

Their form is ovate,—the length being 0*3 inch, and the breadth 0-2

inch. The external surface is rough and destitute of distinct mark-
ings. Internally they present the following structures :—1. An
outer coat (testa), which is thick, carbonaceous, and apparently of a

dense cellular structure. This corresponds to the outer supposed
" fleshy coat " of Lindley and Hooker ; but in this species I think

it must have- been firm and hard, like the outer coat of the seeds of

pines, which it much resembles in appearance and structure. 2. An
inner coat (tegmen or embryo-sac), which is thin and marked on its

outer surface with interrupted ridges, almost precisely in the manner
of the corresponding coat in the seed of Pinus pinea. This coat is

often pyritical, and in some specimens it presents toward the smaller

end indications of three ridges. It corresponds, no doubt, to the

outer coat of the ordinary Trigonocarpa. 3. A nucleus occupying

the whole interior of the last-mentioned coat, and exhibiting at the

smaller end certain wrinkles and a projecting tubercle, marking the

position of the embryo and micropyle. When the seed is sliced

longitudinally, the nucleus is seen to present an outer thick layer of

calc-spar, stained by vegetable matter, and an inner mass which is

colourless. In the smaller end, toward the micropyle, the remains

of the embryo and its suspensor are seen replaced by iron-pyrites,

in the manner represented in fig. 3. In some specimens the outer

coat appears as if divided into two layers, and the nucleus has

shrunk inward from the inner coat, presenting two additional sur-

faces, which may represent original lines of structure, but are, per-

haps, results of decay. A very similar species, which occurs in vast

abundance in the interior of an erect Sigillaria at the Joggins, has the

VOL. XVII. PART I. 2 N
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Figs. 1 to 5.—Trigonocarpum Hookeri, Dawson, from the Coed-
measures of Cape Breton.

Fig. 1. Fig. 2. Fig. 3. Fig. 5.

Fig. 1. Perfect specimen, natural size.

Fig. 2. Specimen deprived of its outer coating.

Fig. 3. Broken specimen magnified.

Fig. 4. Section magnified : a, the testa ;
b, the tegmen

;
c, the nucleus ; and d,

the embryo.
Fig. 5. Portion of the surface of the inner coat more highly magnified.

outer coating very dense and coaly, and with a transverse fibrous

structure. In some specimens it shows a projecting ridge on each side,

and longitudinal striae, which might entitle it to be placed in the genus

Rhabdocarpus ; but no coal-fossils are more deceptive than these car-

polites, which, when flattened or deprived of their outer coats, pre-

sent appearances very dissimilar from those of the perfect condition.

I am by no means certain that this note adds much to the know-
ledge already possessed of the structure of Trigonocarpum ; but it af-

fords an additional example, and tbis of a species similar to those

most frequently associated with remains of SigUlarke.
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4. On a Reconstructed Bed on the top of the Chalk and underlying

the "Woolwich and Reading Beds. By William Whitaker, B.A.,

F.G.S., of the Geological Survey of Great Britain.

In a memoir illustrating Sheet 13 of the Map of the Geological

Survey of Great Britain (p. 21), I have noticed the fact that " at

Maidenhatch Farm, between Bradfield and Pangbourn" (over six

miles west of Reading), " there is a chalk-pit showing above 20
feet of rubbly chalk, with scattered blocks of chalk and irregular

lines of flint, overlying ordinary chalk. A similar bed of apparently

reconstructed chalk may be seen in a pit to the south of Tilehurst

"

(over two miles a little south of west of Reading), "where it is

capped by the bottom-bed of the Reading Beds, so that the recon-

struction must have taken place before the deposition of the latter

formation."

I have since seen a like bed, a short distance below the point

where the Chalk is capped by the Tertiary beds, in a pit by Batten's

Barn, a mile north of Burnham, near Maidenhead. There was here
" about 18 feet of reconstructed chalk, with scattered flints and

blocks of chalk, and a line of flints near the middle. There were

some pipes of the drift-clay with flints, so common in chalk-countries,

in the top of this bed *." This section and the one near Tilehurst

are clearly at the very top of the Chalk ; but the one at Maidenhatch
Farm is on the flank of a valley cut through that rock.

In the neighbourhood of the Bedwins (in Wiltshire), near Marl-
borough Forest (in Sheet 14 of the Map of the Geological Survey
of Great Britain), there may be seen in many places, close by the

junction of the Tertiary beds (of which there are outliers in that

part) and the Chalk, a bed which seems to be made of reconstructed

chalk, and consists of pale-bluish and almost white clay, very chalky,

and containing small pieces of chalk, overlain by a confused mass of

pieces of hardened (? silicified) and somewhat flaggy chalk. This

latter is locally known as " roach " (= rock) ; the fragments com-
posing it are as hard and tough as most crystalline limestones, and I

saw nothing at all like them in the chalk of the neighbourhood.

In making some dee]} drains down the hill-slope on the south of

Stoke Farm, west of Great Bedwin, this bed was found just at the

junction of the Chalk and the Woolwich and Reading Beds. I was
too late, however, to see whether it passed under the latter.

Just by the brick-yard, about three-quarters of a mile to the east

of the same village, there is much of this "roach" and the accom-
panying chalky clay, here again close by the junction of the Tertiary

beds with the Chalk :
" roach " also occurs in the fields around, just

below the spots where the former come on.

Now this common occurrence of a reconstructed bed close by the

junction of the two formations, and there only, naturally leads one
to infer that it stretches beneath the later of them, the Woolwich
and Reading Beds. That a bed of a like nature is elsewhere found

.
* From the MS. of a memoir illustrating Sheet 7 of the Map of the Geolo-

gical Survey.

2 n 2
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beneath that formation has been before shown ; and there can there-

fore be no reason why such should not also be the case near Great
Bcdwin.

It is clear (even from the section near Tilehurst alone) that, whilst

in most places the Woolwich and Reading Beds rest on an undisturbed

surface of the Chalk (as may be well seen at Castle Kiln, Reading,

at the kiln north-east of Theale*, and at Shaw Kiln, Newbury f), in

others the latter formation has not only been denuded (as we know
it to have been from other reasons), but also redeposited, in a some-
what confused state, before the deposition of the former.

Whether a like bed occurs anywhere beneath the Thanet Sand I

know not. It is possible that the deposition of the reconstructed

bed near Tilehurst, <fec, may have gone on at the same time as that

of this formation further to the east ; both agree in occurring between
the Chalk and the bottom-bed of the Woolwich and Reading Beds.

I should add that the reconstruction above-noted is not the same
as that, of a later date, by which a gravel-like mass of pieces of

chalk and flints (with here and there a flint-pebble) lias been formed

at the lower parts of some of the larger chalk-valleys, at the junc-

tion of the Low -level Gravel and the Chalk; nor is it to be con-

founded with the rubbly or flaggy structure that the Chalk often has

near the surface, and which is caused, I take it, by atmospheric

action alone.

5. On some of the Htgiiee Crustacea from the British Coal-

measures. By J. W. Salter, F.G.S., of the Geological Survey

of Great Britain.

It is almost as satisfactory to clear up the history of a little-known

or doubtful fossil as to discover one perfectly new. In the present

case we have both pleasures combined ; for the new and very perfect

Macrurous Crustacean here for the first time given from the coal-

measures illustrates and explains some published fragments, the

real nature of which ought not to have been so long misunderstood.

In Prestwich's great paper on the Coalbrook-dale Coal-field, read

in 1836, and published* some time after, a dubious Crustacean cara-

pace, very imperfect in some respects, was introduced in the same
plate § with the Lim uli. It is said, in the Explanation of the Plates,

that " the only living form to which Dr. Milne-Edwards could refer

it is the Apits cancriformis of the rivers of Central and Southern

Europe." It was called therefore Apus dubius. The figure is more
imperfect than it need to have been ; for the internal cast of the cara-

pace only is figured, and Mr. Prestwich's collection contains the other

half of the nodule, a gutta-percha cast from which shows the true

external surface ; and from this our figure 6 is drawn, only the other

* See Geological Survey Memoir illustrating Sheet 13, pp. 38 & 3ft.

+ Ibid. Sheet 12. Now in the press.

+ Transact. Gcol. Soc. 2nd ser. vol. v. p. 413.

§ Op. cit. pi. 41. fig. 0.
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way upwards. The serrated border and the interrupted central

ridge are very clearly shown in both specimens and figures.

Again, in a paper in the Society's Journal* " on some Crustaceous

Remains in Carboniferous Rocks," there is a short notice of some

specimens (or, rather, good electrotype copper moulds of the speci-

mens) presented to the Society by W. Ick, Esq., E.G.S. These were

from the white-ironstone-nieasures of Bidgeacre Colliery.

One of these specimens was certainly anything but an Eryon, to

which Dr. Ick at first thought of referring it ; and better materials

have enabled Prof. Huxley to describe it as a Schizopod or Stomapod

Crustacean of singular form, under the name of Pygocephalus Cooperif.

The other was a fine carapace (fig. 7), evidently identical with Prest-

wich's Apm dubius, and was referred to by myself in Morris's ' Cata-

logue,' 2nd edit. 1854, as the remains of a Macrurous Crustacean.

I had then only just established the identity of the two fragments.

A more complete figure was afterwards given in Lyell's ' Manual of

Elem. Geology,' 5th edit. 1855, p. 388, under the temporary name
Gh/phcea, to which genus, however, it is not very nearly allied.

And now we have the entire form of a kindred species. This

most precious fragment (fig. 1) was brought to my notice by Dr. Ran-
kine, of Glasgow. It is in the cabinet ofW Grossart, Esq., of Sals-

burgh, by Holytown, who has liberally sent the rarity to London for

examination ; and I learn from Dr. Rankine that its place is in the

true coal-measures, above the uppermost limestones, and 960 feet

below the " Ell-coal"—in the band of ironstone termed the "slaty

black-band."

I will give the characters of this more perfect species first ; and,

as the genus is not to be confounded with any of the Liassic or Oolitic

ones published by Von Meyer, Minister, &c, I shall propose the

name Anihrapalcemon% for it. It is broader than the general form

of the Astacidce, or than Glyplma and its Liassic allies, but much
narrower than Eryon.

Anthrapal^mon, gen. nov.

Carapace scarcely so broad as long (except when crushed flat),

simple, flatter than semicyhndrical, the sides a little arched out-

wards. A strong central ridge in front, projecting as a thick (serrate ?)

spine, is separated by a concave space, or slight furrow, from a posterior

central ridge which only occupies (in the type-species, A. Grossarti)

a small portion of the length. Front margin serrate. The outer

antennae have wide, square basal joints, apparently without any
advantage ; the 2nd and 3rd joints not much oblique ; the rest about

as broad as long. Abdomen as broad as long, of six joints (besides

the telson), broad and very short ; the pleurse, except the 2nd, pointed.

TeLson veiy broad
; appendages to the penultimate joint double on

each side, subtrigonal, broad.

* Vol. i. p. 199, 1844.

t Quart. Journ. Geol. Soe. vol. xiii. p. 336, pi. 13.

\ From avQpaZ, coal, and paleemon, a prawn. The name has only a general

signification, and is not intended to indicate a real relation to Paleemon*
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Subgenus Palseocarabus. Type

—

Anihrapalcemon dubius, Prestw.

Carapace rectangular-oblong, serrate in front and along the sides,

with a faint cervical furrow at the anterior third. Kostrum strong,

projecting
; posterior ridge prominent, complete to the hinder margin,

separated abruptly from the rostrum by the transverse furrow.

I have purposely restricted the characters of Anthrapalcemon

proper, because I think that the A. dubius may very probably turn

out to be a distinct generic form.

1. Anthrapalcemon Grossarti, spec. nov. Figs. 1-4.

A. biuncialis, cephalothorace quadrate sirnpliei neque tuberculis nec spinis late-

ralibus ornate ; rostro valido serrate, ^ uncias et ultra a margine projecto

;

sulco cervical i obscoro ; carina postica brevissima incompleta ; abdomine
(telsone lato trigono incluso) cephalothorace breviore.

Length, including the rostrum, 2 inches 1 line. Length of the

squarish carapace, without the rostrum (which projects 5 lines in

front), full -| of an inch. Width of the carapace, when crushed,

exactly 1 inch ; it was certainly not wider than long. It is only

serrate near the front ; and at the anterior angles a strong spine

occurs. Body-rings 6 besides the telson, very short and very broad,

—

the length of the 6 rings being barely equal to the breadth of the

abdomen, and even much less in the crashed fossil. The front ring,

as usual, with abbreviated pleura? ; the second broadest (as in the

Lobster) ; the 3rd, 4th, and 5th narrower and pointed ; the fulcrum

not very conspicuous ; the articular area well marked out by a trans-

verse ridge.

Telson almost an equilateral triangle, broader above than its

length (the point is broken off, but was probably obtuse). Caudal

appendages two on each side, with thickened outer margins, trigonal

;

the shape, however, is not complete : when spread out, as in the

fossil, they extend beyond the width of the abdomen.

The entire surface of the carapace and body-rings is covered by
miniite depressions, like those on the posterior half of the Lobster's

carapace. The serrations on the rostrum are minute ; those towards

the anterior angles of the carapace are also minute, except the large

spines at the anterior angles.

Locality. Goodhock Hill, parish of Shotts, Lanarkshire : from the
" slaty band" of the black-band-ironstone, associated with Lingida,

Conularia, and Fish. Collection of W. Grossart, Esq.

2. Anthrapal^mon. Sp., fig. 5.

Fig. 5 represents in outline a pencil-sketch supplied to me by
Professor M'Coy, seven years back, when I first mentioned to him of

the existence of this true Macrurous shield in the coal-measures.

He told me then that he had no intention of publishing his sketches.

I am not sure from what particular bed his fossil came, and shall be

glad of information : it was from the Glasgow coal-field. From the

rough sketch, it must belong to a much more elongate species than

A. Grossarti (" 5 inches long," according to M'Coy in his letter),
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Figs. 1—8. Macrurous Crustaceans from the Goal-measures and

Carboniferous Limestone.

1. Anthrapalcsmon Grossarti, sp. n. Nat. size. Lanarkshire. 2. Portion of the

Carapace enlarged. 3. Part of a Body-segment enlarged. 4. Some of the

Caudal Flaps enlarged. 5. Outline (from Prof. M'Coy's sketch) of a larger

species ofAnthrapalcsmon. Lanarkshire. 6. Anthrapalcsmon (Palcsocarabus)

dubius, Prestwich, sp. Nat. size. From Coalbrook-dale. 7 a. Another spe-

cimen, from Eidgeacre Colliery. 7 b. Portion of the Carapace enlarged.

8. a, b, c. Palcsocrangon ? socialis, Salter. From Fife.
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probably even of a different genus ; but in the absence of specimens

it may be provisionally referred to Anthrapalcemon rather than to

the next subgenus. The carapace in Prof. M'Coy's figure is smooth.

3. Anturapaljemon (Palceocarabiis) debits, Prestwich, sp.

Pigs. 6 & 7.

Apus dv.biv.s, Prestwich (from Milne-Edwards's note) in Geol. Trans. 2nd ser.

vol. v. pi. 41 . fig. 9, 1840. Macrura, remains of, Salter in Morris's 'Cata-
logue,' 2nd edit. 1854. Glyphmal dubia, Salter in Lyell's 'Manual,' 5th

edit. p. 388, 1855.

A. (P.) biuncialis et ultra; cephalothorace oblongo-quadrato, tuberculis mino-
ribus spinisque marginalibus ornato ; rostro valido (serrato ?) a carina postica

longa coinpleta omuino sejuncto ; sulco cervicali conspicuo.

Length of carapace, without the mucro, 13 lines ; width 12 lines.

General form of the carapace (the only part known) rectangular-

oblong, the sides somewhat arched outward ; the front truncate, the

hinder margin concave. The rostrum, projecting nearly | an inch

in front, is strong and prominent at its base, but runs a very short

distance backward, and is then abruptly terminated by a wide con-

cave space, i of an inch broad, across which the cervical furrow,

margined by large spinous tubercles, is faintly indicated.

The posterior keel commences abruptly, and is continued as an

equal and rather strong ridge to the hinder margin ; it is | an inch

long. The area on which it stands is flanked by two subparallel

furrows (indicating, I suppose, the cardiac region) ; and the whole

surface of the shield is rugose, as compared with that of A. Grossarti.

Scattered spinous tubercles occur also over all the elevated portions.

They are found, but of much smaller size, along the hollow space on

each side, and are absent on the broad margin. They are largest

around the rostral portion, two of them becoming spines in front.

The serrations on the margin are strong and equal, about 14 on each

side,—that at the outer angle not being stronger than the rest. The
characters of the surface, therefore, distinguish the section from the

type of the genus ; and the two groups will, in all probability, be

hereafter regarded as distinct.

To complete the account of the Macruran remains occurring in

Upper Palaeozoic rocks, it is necessary to refer to one or two other

fragments. One which Professor M'Coy formerly thought to belong

to the Crustacea, and figured under the name Astacus Phillipsii

(Synopsis Carb. Foss. Ireland, pi. 23. fig. 1), was a very imperfect

fragment, and has been since recognized by himself and others as

merely an imitative portion of a brachiopod shell.

I am persuaded that I have seen a well-marked portion of a cara-

pace in the true Mountain-limestone of Derbyshire. It was col-

lected (among other treasures) by W. Hopkins, Esq., and still

exists, I hope, in the AVoodwardian Museum, though its small size

may have caused it to be overlooked.

But if these be doubtful forms, there is one (fig. 8) which, now
that the existence of true Macrura, with the ordinary number of

segments, is known in the coal, can scarcely, I think, be referred to
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the Amphipoda : I refer to the Uronectes (Gampsonyx) soeiaUs,

mild, published by the llev. T. Brown in the Trans. Hoy. Soc. Edin-

burgh, vol. xxii. p. 394.

The Uronectes (or Garnpsonyx) of the Saarbruck coal-field (Paheon-

tographica, vol. iv. p. 7, pi. 1) is described by Von Meyer as an

Amphipod with characters of the Decapods, especially of the Macrura
(" eine Amphipode mit Charakteren der Decapoden, insbesondere de

Macrouren"). It has 14 free segments. But the species from the

Scottish Carboniferous limestone ( U. socialis), figured by me for Mr.

Brown's paper, has much fewer (only 6 or 7) definite body-rings, like

those of a Shrimp, with telson and caudal flaps, and, though indi-

stinctly seen, probably a long carapace. It was an error hastily to

compare it with Uronectes, and I will not commit another (until I see

better specimens) by attempting fully to settle its position. Mean-
time, as I have since seen other specimens, I think it will be desirable

to substitute the name Palceocrangon.

Pal^socrangon, gen. riov.

Decapoda Macrura (Talamonidm ?). A small Shrimp-like crustacean, with short,

pointed carapace, and 6 or 7 body-rings, the front ones with expanded pleurae.

Telson small. Caudal appendages narrow, obovate. Feet — ? Antenna? — ?

1. P. socialis, Salter, Trans. It. S. Edin. xxii. p. 394. Carboniferous Limestono

;

Fifeshire. Fig. 8.

2. P. sp. Millstone-grit; Yorkshire, 1861. Undescribed.

These, it will be observed, are from the true Mountain-limestone

series and Millstone-grit below the Coal.

No Decapod has been yet observed in the Lower Shales of the Car-

boniferous formation, where large PhyUopoda (and Limidus'?) occur.

The Upper Devonian genus Gitocrangon, of Bichter, figured

by that author in his ' Beitriige Palaont. Thuringerwaldes,' pi. 2,

seems quite undeterminable. It is, I should think, even doubtful,

judging by the figures, if it be a Crustacean at all ; but the descrip-

tion is by no means obscure, and the carapace, 7-ringed body, and
tail-flaps could hardly have been mistaken by so good an observer.

June 19, 1861.

John Atkinson, Esq., Memb. Phil. Geol. Soc. Manchester, Thelwall
near Warrington ;

Major Nathaniel Vieary, Westgate, Wexford ; and
Lord Rollo, 18 Upper Hyde Park Gardens, were elected Fellows.

The President made a communication on the part of the Council,

that it is proposed to recommend to a General Meeting of the
Fellows in November that the payments of future Resident and
Non-resident Fellows be equalized.

It was proposed, seconded, and carried unanimously, that the

Best Thanks of the Society be offered to the President for the labour
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and attention bestowed by him on the arrangement of the Foreign

Collections in the Society's Museum.

The following communications were read :—
1. On the Lines of Deepest Water around the British Isles.

By the Rev. R. Everest, F.G.S.

[Abstract.
-

]

(The publication of this Paper is deferred.)

By drawing on a chart a line traversing the deepest soundings

along the English Channel and the Eastern Coast of England and

Scotland, continuing it along the 100-fathom-line on the Atlantic

side of Scotland and Ireland, and connecting with it the line of

deepest soundings along St. George's Channel, an unequal-sided

hexagonal figure is described around the British Isles, and a pen-

tagonal figure around Ireland. A hexagonal polygon may be similarly

defined around the Isle- of Arran. These lines were described in

detail by the author, who pointed out that they limited areas similar

to the polygonal form that stony or earthy bodies take in shrinking,

either in the process of cooling or in drying. The relations of the

100-fathom-line to the promontories, the inlets, and general contour

of the coast were dwelt upon ; and the bearings that certain lines

drawn across the British Isles from the projecting angles of the

polygon appear to have on the strike and other conditions of the

strata were described.

After some remarks on the probable effect that shrinkage of the

earth's crust must have on the ejection of molten rock, the author

observed that, in his opinion, the action of shrinking is the only one

we know of that will afford any solution of the phenomena treated

of in this paper, namely—long lines of depression accompanied by

long lines of elevation, often, as in the case of the British Isles,

Spain and Portugal, and elsewhere, belonging to parts of huge poly-

gons broken up into small ones, as if the surface of the earth had

once formed part of a basaltic causeway.

2. On the Old Bed Sandstone Rocks o/ Forfarshire.

By James Powrle, Esq., F.G.S.

The stratified rocks of Forfarshire, to the south of the Grampian
range, belong entirely to the Old Red Sandstone division of the

geological series. They consist chiefly of coarse grits, dark-red and
grey sandstones and flagstones, immense masses of conglomerate,

with intercalated flagstones, sandstones, and shales, marly and argil-

laceous shales, and some crystalline limestones or cornstones.

These, although in many instances broken up, and often faulted and
contorted by trappean outbursts, aU rest conformably the one upon
the other. Thrown up against the flanks of the Grampian range at
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very high, angles, and dipping towards the south- east, some very-

fine sections are afforded by the streams which, issuing from these

mountains, cut through the sandstones, in many instances in a line

almost at right angles to their strike. Of these the North Esk, the

West Water, the Koran, and the Isla may be mentioned as afford-

ing peculiar facilities for studying these formations. In all places

I have yet examined the Forfarshire sandstones are cut off from the

schists and slaty beds of the Grampians by considerable outbursts of

trap ; it is, however, pretty evident that the sandstones overlie

these schists unconformably. Although I do not intend at present

to go at all into the geology of the Highland districts of Forfarshire,

I may here state that it seems to me highly probable that these

schistose beds may be the equivalents of some portion of the Lower
Silurians. They apparently, for the most part, dip under the moun-
tains in a north-easterly direction ; but as this has in all probability

been occasioned by these beds having not only been raised up, but

actually tilted over, their true dip would seem to me to lie towards

the south-west, while the overlying sandstones dip towards the

south-east. In no instance have any organic remains been yet

found in any of these more northern beds.

The geology of the Lowlands of Forfarshire is upon the whole

exceedingly simple. It will be observed from the annexed section

that a synclinal bine occurs at no very great distance from the

Grampians. This traverses the county in a line nearly parallel to

these mountains. The section also shows an anticline existing

about half-way between the syncline and the sea. This also runs

nearly parallel to the Grampian range : entering Forfarshire from
the German Ocean near to Montrose, it proceeds in an almost

straight line through Eossie Moor, passes along near to the villages

of Finhaven and Letham, crosses the south-east flank of the

Sidlaws ; thence it continues onwards a little to the south of Tealing

and Baldovan House ; west of Dundee Law, however, it bends off

towards the north-west, and passes in that direction into Perthshire.

Keeping these lines always in view, and also recollecting that

several great faults occur immediately to the north of the anticline,

all difficulties in the geology of the Forfarshire sandstones are readily

surmounted.

It may be observed that the section here given is little else than
a copy of that in Sir Charles Lyell's 'Manual of Geology*;' they
only differ, I may say, in one particular, Sir Charles's section show-
ing an overlying unconformable red sandstone, as found at Whiteness
near Arbroath. On examining the rocks at this place, this is found

- to be undoubtedly the case. However, this overlying formation is

not found on that part of the coast where my section terminates f.

At Whiteness the rocks consist of a coarse red sandstone with many

* 4th edit. p. 48 ; and see also Sir E. Murchison's ' Siluria,' 2nd edit. p. 276.
t This paragraph has been re-written since the paper was read, and the opinion

then stated, (and published in the abstract of the paper), to the effect that the
unconformity shown at Whiteness in Sir C. Lyell's section did not really exist,

is now abandoned by the author.

—

Ed.
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imbedded pebbles, &c, evidently forming part of the upper portion

of the great conglomerate of Forfarshire, and having a clearly defined

dip of from 25° to 30° almost due south-east ; bnt here, and also

in a small bay a little to the north-east, there is an upper conglo-

merate overlying these sandstones in a neaxly horizontal position.

This conglomerate seems to be formed entirely of disintegrated por-

tions of the lower rock, from which most of the finer particles have

been washed away ; it consists of water-worn pebbles in a siliceous

matrix, with intercalated layers of coarse red and whitish sandstones,

having all through, and especially in some of these intercalated

layers, angular fragments of sandstones, occasionally of large size,

with imbedded pebbles quite similar to portions of the lower rock. In

the absence of fossils it may be quite impossible to fix the true age of

this formation. Can it form part of the upper beds of the Old Red ?

This want of conformity has been observed in the Old Red Sand-

stone of other districts, and might fully account for the absence of

any equivalents of the Caithness-shire fossiliferous beds. On the

other hand, I have never observed any want of conformity betwixt

the lower Forfarshire rocks and the upper Holoptychius beds, or

betwixt these and the white Carboniferous sandstones of Fife ; the

junctions of these formations are, however, very obscure. My
section is so far ideal, as I have introduced all the principal forma-

tions of Forfarshire, assigning to each, so far as in my power, its

proper relative position ;
however, in no section of the county that I

know are all these to be found. The great features are, however,

pretty correctly taken from a line leading from the Grampians north

of Fearn Church, at nearly right angles to the strike of these rocks,

on to St. Andrew's Bay, a little to the east of the village of Car-

noustie.

Commencing with the lowermost of the Forfarshire formations,

we find a very considerable thickness of dark-red gritty beds, having

very close to their base an intercalated bed of concretionary lime-

stone or cornstone. Nowhere along the hills in Forfarshire is this

bed exhibited ; in Kincardineshire, however, it occupies a moderately

prominent position, having been wrought to some extent at the

Clattering Brig, at the south base of the Cairn o' Mount in the

ravine a little to the east, called the Slack of the Birnie, and in

other places. This same limestone has also been wrought where
these formations have been again thrown up north of the anticline,

at Millton of Mathers, and near the Dubton Station of the Scottish

iNbrth-eastern Railway (both places in Kincardineshire), and at Bud-
donness, south of the anticline in Forfarshire. It is also found near

Newburgh in Fifeshire, occupying the same relative position. Some
distance above this limestone dark-red and rather indurated flag-

stones are also intercalated in these grits. These are well seen in

a quarry on the north-west side of the road leading from the Clat-

tering Brig towards Feltercairn, also in the bed of the West "Water,

underlying the conglomerates of Catterthun Hill ; they are again

thrown up and exposed at the fishing- village of Ferryden. Prof.

Harkness suggested to me (and I think with much probability), that



538 PROCEEDINGS OE THE GEOLOGICAL SOCIETY. [June 19,

these might be the equivalents in time of, and here represent, the
tilestones of the English formations. These grits pass upwards into

conglomerates of very great thickness ; in many localities their place
is entirely usurped by the conglomerate. "When this is the case, the
conglomerate immediately succeeds the trappean outbursts, cutting

off the sandstones from the schists ; and here the matrix in which
the pebbles are imbedded is almost always highly indurated, and
possesses an almost trappean aspect. This matrix as it rises softens

down until it becomes very similar in composition and hardness to

the sandstones overlying and intercalated with the upper portions

of this conglomerate. These conglomerates are thrown up in enor-
mous masses along the flanks of the Grampians, forming a lower
and interrupted range of bills, rising in several instances to heights

of over 1000 feet above the sea-level. At some considerable ele-

vation above the red-coloured flagstones or tilestones above men-
tioned, and near to where the indurated matrix softens down,
are found intercalated (or rather, from their persistence, interstra-

tified) flaggy beds, consisting of greyish thin-bedded and other sand-
stones, and greenish- and other coloured argillaceous shales. These,
although by no means largely nor persistently developed to the
north of the syncline, assume, when again elevated by the anticline,

an importance beyond all the other deposits of Forfarshire ; being

not only largely wrought for economic purposes, but affording the

only prolific fossiliferous beds of that county ; I will therefore again

revert to them. The upper portion of tbe conglomerate is very

persistent in character along the Grampians, extending in a direction

from nearly north-east to south-west almost from the German to

the Atlantic Ocean. When the conglomerate is upheaved, however,

by the anticlinal outbursts, this persistency ceases. To the north of

this the conglomerate is still found in very large masses, as in the

Garvock range of hills in Kincardineshire, and in the hills of Fin-

haven in Forfarshire. To the westward, as in the Sidlaw Hills,

the conglomerate very much thins out ; its place being almost alto-

gether taken by sandstones, for the most part thickly bedded and
varying in colour from bluish grey to greyish red. Still further to

the west, however, we again find the same conglomerate very largely

developed in Perthshire, as in the Ochil range to the north of the

Bridge of Allan. Passing the anticline, the conglomerate is again

seen in the section afforded by the coast betwixt Montrose and

Arbroath, where it forms the bold promontory called the Red Head,

from whence it extends on to beyond the fishing-village of Auch-
mitliie. All along this line the action of the waves has cut it out

into most picturesque gullies, ravines, and caverns. In the inland

parts of Forfarshire, to the south of the anticline, it is only found

intercalated, in not very considerable quantities, with the red and

grey sandstones, which here seem in great measure to have usurped

its place. In the upper portions of the conglomerate, intercalated

beds of coarse red sandstones become more and more abundant,

until at last this formation passes entirely into thick-bedded sand-

stones, generally highly micaceous, and affording an excellent and
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durable building-stone of a rather pleasing red colour. Nearly where

the conglomerate passes into this sandstone is found in some places

north of the anticline an intercalated bed of concretionary lime-

stone, very similar in character to the already-mentioned lower bed.

This has been wrought, although to no great extent, in several

places, as at Trinity Muir, near Brechin, Strickathrow Hill, and

in Kincardineshire in the Garvock range. A sandstone of a dull

deep-red colour, soft, and weathering fast on exposure to atmospheric

influences, is generally found overlying the above-mentioned mica-

ceous sandstone ; this being again overlain by deep-red and also

sometimes by whitish and greyish marls and shales, forming the

uppermost of our Forfarshire Old Eed Sandstones. These are re-

markable, and may be pretty readily distinguished by being very

full of peculiar greyish-coloured round spots, varying in size from

about one-tenth of an inch to over one inch in diameter. In many
instances these are so numerous as to give the sandstones quite a

mottled appearance. These overlying sandstones are, however, hj
no means very persistent either in character or appearance ; in some
instances one or other being absent, while in many cases they seem
to pass into one another.

Until comparatively a recent period the Forfarshire rocks were
considered as particularly destitute of fossils, and even yet the known
fossiliferous deposits are principally, if not altogether, confined to

the flagstones and shales intercalated in the conglomerate. In no
instance have any of the limestones as yet yielded any trace

of organic remains ; and equally destitute of these have all the upper
marls and shales as yet proved. In giving a very short notice of

such of those deposits as have shown any vestiges of the plants or

animals existing in times of such remote antiquity, it may be well to

take them in the order of their superposition. Lowermost we have
the dark-red, rather indurated flagstones ; and even in these as

yet no recognizable remains, either animal or vegetable, have been
found. Their beautifully perfect ripple-markings, however, prove
that they had been deposited in a shallow sea over which the winds
blew and the waves rolled ; and being in some instances completely

covered with trails of Crustaceans and Annelides, the existence of such
cannot be doubted, while deeply pitted indentations, as of rain-drops,

show that the sands cmcl muddy banks of these shores, when uncovered
by the tide, were not without rain. The Rev. Hugh Mitchell, whose
labours have added so much to our knowledge of the Forfarshire

organic remains *, has in his collection several beautifully character-

istic slabs of these flagstones, dug by him at Ferryden, where they
have been upheaved. Considerably above these and intercalated in

the conglomerates are found the beds already mentioned, from which
thewell-known Arbroath "pavement" has been so largely dug. These
are highly interesting to the geologist, as affording samples of all the
organic remains that have yet been found in Forfarshire

; indeed,

with the exception of Cephalaspis, which has been recovered from
sandstones considerably overlying them, none other of the Forfarshire

* See above, p. 145, &c.
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rocks have yet yielded any organism, whether animal or vegetable.

These beds consist of thin-bedded grey flagstones, red and grey
sandstones of some thickness, and greenish and bluish argillaceous

shales. In these by far the most abundant organism is the Parca cleci-

piens ; next plentiful are the remains, commonly broken, of segments
of the great Forfarshire crustacean, the Pterygotus Anglicus. These as

well as the Parca are found more or less well preserved in both
shales and sandstones ; with these are associated the remains of other

Crustacea, as the Stylonurus of Mr. D. Page. Annelid-tracks and
burrows are also occasionally to be met with in the sandstones. After

these, but much more rare, are found portions of the head-plate of

Ceplialaspis
;
anything approaching to complete specimens of this

fish being very seldom found in any of. the many localities where
these flagstones are largely wrought. A peculiarity regarding the

remains of Cejihalasjjis is, that they are always found in the sand-

stones ; I have never yet seen the smallest vestige of them in any
of the shales, although full of other remains : occasionally a fish-

spine may also be picked up. The Farnell Beds, which have yielded

so man}- interesting vestiges of the very remote period when these

flagstones and shales were deposited, belong to this same portion of

the Forfarshire sandstones. They were noticed several years ago by
the Rev. Mr. Brewster, of Farnell, as likely to prove fossiliferous.

It is to the Rev. Mr. Mitchell, of Craig, that we are indebted for first

discovering the nature of these fossils ; his indefatigable researches

were rewarded by the discovery of two small Ganoid fishes, named
by Sir Philip Egerton Acanthoses Mitchelli and CUmatius scutiger

;

also several varieties of Crustacea. The liberality of the Earl of

Southesk has since largely opened up this deposit, and allowed its

treasures to be examined and preserved to a great extent by Mr.

Brewster and myself. My only regret is that, from the dip of strata

making the working now not only expensive but difficult, and no

product of economic value being obtained from it, it must be looked

<»n as all but exhausted. We have, however, already been able to

add to the above-named fishes several others, mostly as yet unnamed ;

amongst these is a Diplocanthus, named by Sir Philip Egerton 1).

gracilis ; also a goodly sized Placoid, at present being described by this

distinguished ichthyologist. Several remains of Pterygoti and other

Crustacea have also been found ; some of them apparently new. Mr.

Walter McNicol at Tearing has since discovered several localities,

mostly in the Sidlaws, where the same fishes are to be found, although

not so perfectly preserved. It is worthy of remark that the common
colour of the shales, which alone are fitted for preserving such or-

ganisms, belonging to these flagstones, is of a light greenish hue ; in

these no vestige of ichthyic remains has yet been found. The colour

of the shales where Mr. McNicol has found these fishes, &c, is light

blue : while the Farnell shales vary from a fine cream-colour to a

dark grey. The vegetable remains of these beds are generally very

imperfect and unreadable. The only instance in which a plant

clearly belonging to the land has been disinterred occurred about

twenty years ago, when what was called by the quarrymcn a small



1861.] POWRIE OLD RED OF FORFAR. 541

tree was dug out, and by them cast aside as useless. On hearing of

this discovery, unfortunately not until months elapsed, I could recover

only a small portion of the root, seemingly of some Lepidodendroid.

This was noticed and described, from data furnished by me, by the

late Hugh Miller at the Meeting of the British Association held at

Glasgow in Sept. 1855 (see his ' Testimony of the Rocks,' p. 447).

Generally these vegetable remains appear to have formed parts of

marine or at least aquatic plants. None of the other sandstones inter-

calated in the conglomerate have yet proved fossiliferous. The mica-

ceous solid-bedded sandstone, however, into which it has been stated

the conglomerate passes, has yielded some of our finest specimens of

Cephalaspis (no crustacean remains are found in our rocks overlying

the flagstones). The rock near Bridge-of-Allan, whence I procured

the two specimens of Pteraspis now in Professor Huxley's hands,

occupies identically the same position as this sandstone, and although

lighter coloured, its lithological character in other respects is quite

similar ; and although no specimens of this fish have yet been saved

from the rocks in Forfarshire (these specimens being the only ones

yet recognized in Scotland), yet I have little doubt that it is not

altogether wanting there. Indeed I suspect that some specimens from
this same sandstone, which, I must confess, I years ago cast aside as

mere worthless fragments of Cephalaspis, were in reality portions of

the head-plates of Pteraspis.

Prom none of the other and upper beds of Forfarshire have any
fossils of any kind ever yet been obtained ; their quality rendering

them unfit for building, and generally being covered by the rich clays

of the Yalley of Stratlrmore and its continuation, the opportunities for

studying their nature are not so frequent. Whether they are the

equivalents of the red Holoptychian beds of the Carse of Gowrie
(Clashbinnie, &e.) is yet to be determined. One thing is deserving

notice—namely, that they are, equally with the Carse of Gowrie, red

sandstones much mottled with circular spots of a greyish colour.

Although I have examined hundreds of these spots in the Forfarshire

sandstones, hr no instance, however, have I detected anything organic

in them; while Dr. Anderson, of Newburgh, states* " that portions

of scales and minute bones have been detected in the centre of the

spots " from sandstones belonging to the Carse of Gowrie.

It is now allowed that the lowermost of our Forfarshire sandstones

belong to the lowest of the Old Red formations, thus underlying the

Caithness beds, &e.; their peculiar Crustacea as well as the Cephalaspid

remains evidently closely uniting them to the Upper Silurians ; while

at the same time the Ganoid fishes, belonging in some cases to the

same genera, and in other respects much resembling those of the

more northern rocks, indicate also a near alliance with these forma-

tions. Again, ourupper beds, if not identical with, evidently as nearly

approximate to, the Holoptychian sandstones of Clashbinnie, &c. No
want of conformity in our Forfarshire rocks shows any break in the

continuity of these deposits
;
yet nowhere have I detected what could

be considered the equivalents of the Caithness beds. Does this in-

* 'Dura Den,' p, 26.

Y0I. xvn.—PART I. 2
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dicate the probability of an immensely lengthened period during

which there was gradual sinking, followed byas gradual an uprising of

the sea-bottom, unaccompanied by any of those violent volcanic

eruptions so common during the Carboniferous era ? Several reasons,

in my opinion, concur in rendering this by no means improbable.

That these deposits were accumulated during a period of comparative

quiescence is shown by the entire absence of intercalated traps or

other igneous rocks. The Forfarshire sandstones are very fre-

quently found disrupted, they are often overlain by large flows of

igneous matter, intruded traps are found all over the county ; but in

no place have I ever yet seen these traps again overlain by the sand-

stones, thus evidently proving the trap-rocks to belong to a later

geological epoch. A gradual submergence is, I think, equally clearly

indicated during the period while the lowermost rocks were being

laid down ; the very undermost of our fossiliferous beds with their

beautifully preserved ripple-markings, Crustacean trails, and even

rain-prints, evidently point to a sea-beach left frequently dry by the

ebbing tides. Above these the shales, mixed up with the sandstones

full of Vegetable and Crustacean remains, still indicate ebb-waters

;

but now the ripple-markings, although yet to be seen, are much less

distinct, Crustacean or other tracks become exceedingly rare, and
rain-imprints cease to be recognized ; the Cephalaspis, a fish evidently

having a wide range in time and space, is found, all showing a

sinking of the sea-bottom. Still rising in the series, we find that the

sea has further deepened ; the conglomerates, only formed near a

shore, cease, and sandstones, having no organic remains except an

occasional Cephalaspis or Pteraspis, take their place ; still the sea

deepens and the land recedes until almost no deposit, and what there

is barren of organic remains, takes place. A long period intervenes

during which the Caithness beds form the bottom of shallower, or

at least much more life-sustaining waters. At last this depression

comes to a close, and as gradual an upward movement takes place

;

and again sediments are accumulated, now entombing a new class of

animals, the Holoptychius and his allies taking the place of Cepha-

laspis and the Crustacea of the more ancient ocean. This upheaval

continues, violent volcanic commotions take place, and Forfarshire

from being a sea-bottom becomes high land, while in the lower

districts the coal-measures are being accumulated.

3. On the Lttdlow Bone-Bed and its Cbtjstacean Remains.

By J. Haelet, M.B. Lond.

[Communicated by Prof. Huxley, Sec. G.S., &c.]

[Plate XVII.]

It is well-known to geologists, that between those two great systems

of rocks the Silurian and Old Red Sandstone, there occurs an inter-

mediate series of relatively small development, which, as it partakes
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of the lithological and palseontological characters of both systems,

has been well called " Transition-beds."

Transition-beds with contained Bone-beds.—That part of these

beds which immediately overlies the Upper Ludlow Rock is com-
posed of soft argillaceous shales ; and that which immediately under-

lies the Old Red, of a soft, yellow, fine-grained sandstone—the Down-
ton Sandstone.

Just below the Downton Sandstone, and therefore in the lowest

partof these transition-strata, appears that remarkable animal-deposit

called the " Ludlow Bone-bed"; and just above the Downton Sand-
stone, standing indeed within the threshold of the Old Red, another

animal-deposit occurs, rarely, however, as an isolated conglomeration

of organic remains as in the bone-bed, but most commonly having

these more or less freely diffused throughout argillaceous and are-

naceous strata, or a gritty calcareous conglomerate which often be-
comes a compact bluish limestone. Thus, to speak generally, we have
a lower bone-bed more appertaining to the Silurian system than to

the Old Red ; and an upper, more diffuse one, much more closely

associated with the Old Red than with the Silurian Rocks. Both
have their types at Ludlow,—the former in Ludford Lane and the

north-eastern slopes of Whitcliffe ; the latter in the strata exposed
on the south bank of the Teme, opposite to the Gas-works and Paper-
mill.

Ludloiv Bone-bed,—It is to the older and lower, or Bone-bed
proper, that I woidd draw attention, premising a few general remarks.

The Ludlow Bone-bed was at first considered to be a local deposit

;

but later researches have shown that it extends interruptedly over

an area of forty or fifty miles*, a fact which renders probable that it

will be found to have a still more general distribution. As it occurs

at Ludlow and in its neighbourhood it forms a thin seam, varying in

thickness from half a foot to the eighth of an inch, or rather to

nothing
; for it gradually thins away, and here and there disappears

altogether, and we consequently fail to trace it for a distance. In-
terruptions which thus occur locally and on a small scale may pro-

bably occur on a large one throughout these early rocks, and so ac-

count for the absence of the bone-bed in wide geological areas.

Whenever it does occur, it becomes an infallible guide to the geologist.

Sir R. Murchison has described the bone-bed as being composed
of " a matted mass of bony fragments, some of which are of a

mahogany hue, but others of so brilliant a black, that, when first

discovered, they conveyed the impression that the bed was a heap of

broken beetles "
(' Siluria,' second edit. p. 148). The bed is often

very compact and of a lighter colour, and closely resembles the cake
from which linseed-oil has been expressed.

All that we know of the constituents of this remarkable deposit is

contained in about two pages of the text and an illustrative plate of the
' Silurian System.' There we learn that, with the addition of a few
molluscan shells t, it is composed of the remains of Sclerodus, Plec-

* 1 Siluria,' and Quart. Journ. Greol. Soc. vol. ix. p. .11.

f The remains of Molluscs occurring in this bone-bed belong to Discina

2o2
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trodus, and Theloclus, which are stated to be fishes*. Length of

time has rendered us familiar with these names, but has failed, except

perhaps with regard to one of them, to extend our very imperfect

knowledge of the animals which they serve to designate. And this

is not to be wondered at ; for the remains are so very fragmentary,

brittle, and coherent, that the utmost patience and no little labour

are required to enable one to succeed in obtaining any definite results.

Difficulties, however, do but enhance the interest which naturally

attaches itself to this deposit
;

for, whenever and wherever animal
life may have been first endowed with forms which characterize that

highest type of it called vertebrate, it is in this bone-bed that we
find the first assurances of the varied existence of this type. I say

"varied;" for the Ludlow rocks have furnished a single species of

Pteraspis, which seems to have appeared in almost solitary dignity

to proclaim the dawn of a higher existence to a world of Crustaceans

and Molluscs. To ascertain in what forms this higher existence,

as Ave find it in the bone-bed, begun—whether it was some creation

distinct from both that which preceded and that which succeeded it,

or whether it is one of the necessary connecting links in a progressive

development of life which runs uninterruptedly throughout the older

rocks, are the inducements to the careful study of this complex mass.

In examining this deposit, however, there are other and more pre-

liminary questions which require to be answered first ; and it is the

solution of one of these which is the chief object of this paper.

Crustacean life in tlie Silurian age.—The Silurian was essentially

a Crustacean age, and one that maintained its full vigour throughout

the transition-strata to which I have referred. My first endeavour,

therefore, was to ascertain whether the bone-bed contains Crustacean

remains. I find that it does, and in no inconsiderable quantity ; and
I now proceed to lay the evidences before you.

Crustacean remains in the Ludlow Bone-bed.—On making diligent

examination of the broken and washed deposit, with the aid of a

pocket-lens, I find a number of minute bodies of various but often

related forms, which, for convenience of general description, I will

divide into three classes.

1. Of the bodies which I have placed in the first class, some re-

semble the minute conical teeth of osseous fishes, others appear to be

made up of two, or occasionally of three such teeth (figs. 1-4).

liarely, one meets with what at first sight appears to be a very

minute jaw set with a row of conical teeth (fig. 15), and more rarely

still, with microscopic curved fangs or spines (fig. 16).

rugosa, Lingula cornea, Orthis htnata, Bhynchonella navicida, and some indeter-

minable genera.
* I have submitted all the remains which are thus designated to careful micro-

scopical examination, and find that they possess a true bony or dentinal structure.

While I thus disprove Prof. McCoy's supposition that Plcctrodus and Sclerodus

are Crustacean fragments (Quart. Journ. Geol. Soc. vol. is. p. 14), I agree with

him that the parts figured in the ' Silurian System ' under these names cannot be
teeth or jaws

; they are, I believe, the posterior spines of the cephalic plate of

some Cephalaspidean fish.
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These last two varieties are very interesting as being in external

form, and, as I will show, in all other respects, identical with Pan-
der's " Conodonts."

In an elaborate monograph on the fossil fish of the Silurian system

of the northern part of Russia, Dr. Pander has described a host of

tooth-like bodies which he has assumed to be the teeth of Fishes,

and to which collectively he has given the term " Conodonts," and

subdivided them into 13 genera, comprising 56 species. They are

of two kinds, simple and compound. The simple resemble minute

spines about a line in length ; under a magnifying power many of

them look like the stout curved thorns of a rose-stem
;
they are plane,

or furrowed longitudinally, more or less compressed and hollow at

the base, which is expanded with an everted margin. The com-
pound ones are larger, and resemble small jaws, each beset with a

row of conical teeth, which may be equal or unequal, the row being

often terminated and sometimes interrupted by larger fang-like ele-

vations. These Conodonts were at first stated to be composed of pure

carbonate of lime ; but on re-examination, they were found to con-

tain phosphate of lime also, which strengthened Dr. Pander in his

supposition that they were fish-remains. As described by him, they

are white and opake, with transparent edges,—or reddish-yellow,

transparent and horny looking, and under a high magnifying power
show nothing but homogeneous superimposed layers.

2. To return to my own forms. The second class of bodies may
be likened to the crown of a bkruspid or molar tooth, and especially

as we should find them beneath the gums of a new-born child

(figs. 5, 6, 9). The upper surface presents three more or less elevated

and rounded cusps ; the lower surface is excavated into depressions

corresponding to the cusps. This form, on the one hand, by losing

elevation, becomes a mere tuberculated plate or scale ; and on the

other, by lateral extension of the ridges joining the cusps, the little

bodies present a Y-shaped elevation (fig. 11). By the combination

of two such, we have an undulated plate surmounted by a "VY-shaped

elevation (fig. 12).

The bodies included in the first and second classes are very hard,

have a rich brownish-red or amber colour, and are semitransparent,

and highly polished. When possessed of but little colour, they
appear to be composed of discoloured ivory, and occasionally present
longitudinal converging strise, due to coloured lines traversing the

semitransparent substance ; sometimes it is difficult to say that these

are not linear elevations.

Prom their external form and ivory-like consistence and appear-
ance, I was at first induced to think that some of these tooth-like

bodies were teeth, probably of Pishes ; but the variations presented
by others, and their declination into mere tuberculated plates, ulti-

mately persuaded me that this could scarcely be a correct supposition.

3. In the third class we find small thick plates of a somewhat
oblong form, not exceeding two lines in length, and about a fourth of

a line in thickness. There are three pretty distinct varieties. The first

is distinguished by having one of its surfaces, raised into three nearly
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equal rounded tubercles, bounded (at least in one direction) by tbe

slightly elevated margin of the plate (fig. 18). The second is some-
what pyriform in outline, and presents usually one small tubercle

at the narrow end ; sometimes there are two, and occasionally three,

more or less separate and distinct (figs. 19, 20). The third variety

occurs as oblong or rounded plates either plane or with one surface

slightly concave and the other slightly convex.

The bodies placed in this class are commonly of a greyish or

blackish-brown colour ; and a fractured edge presents an excessively

fine fibrous structure.

All the forms included in the above three classes, and all their

varieties, possess the same ultimate microscopical structure and che-

mical composition.

Structure.—The structure, which is perfectly preserved, is unmis-
takeably Crustacean. A microscopic section presents a vertical tubu-

lar, and a horizontal laminated structure. In the flattened bodies

these two structures are strictly perpendicular to each other ; but

in the conical bodies, except about the apices, they have a more or less

oblique relation (figs. 12 b, 12 c).

The tubes are excessively fine, varying from about the
4

*
tf
to

the
2 a oo u

th of an inch in diameter. In most specimens they appear

to be injected with a reddish-brown material; but this rather stains

the walls of the tubes than fills up their cavities ; for in transverse

section they appear as clear dots with a discoloured circivmference,

and on placing the bodies in hot turpentine, minute air-bubbles are

freely displaced. The above is therefore probably an overstatement

of their real size. The tubes are so crowded, that there appears, in

vertical sections, to be little or no intertubular substance
;
they lie

parallel to each other, and never branch; and when the surfaces

between which they pass are parallel, they take a straight course

;

but whenever an elevation occurs, the tubes, instead of converging

towards the apex, take a slight bend outwards to either side of it.

Minute, rounded or oval, calcareous corpuscles, measuring about the

-g-J-Q-jth of an inch in diameter, are often present. In horizontal sec-

tions, the tubes appear to be arranged in systems forming rounded

sinuosities separated from each other by clear tortuous lines of in-

tertubular substance (fig. 20 «).

The horizontal lamination presents the appearance of a great num-
ber of excessively fine, and usually faintly marked, wavy lines, the

undulations of which are very minute, regular, and parallel to each

other (^fig. 12 d). The Conodonts possess the same structure. The form

called Gnathodus Afosquensis, tab. 2 a, fig. 10 in Pander's work, of

which I have found several specimens in the bone-bed (one is de-

lineated in fig. 15), shows both the laminated and tubular structure;

the tubes, however, are rarely stained or injected.

In the fang-like form, of which, strange to say, I have only found

a single specimen (fig. 16), and which corresponds to the genus Acodus

of Pander, the same structure is- recognizable. But the tubidi are

rarely injected
;
and, since in these forms they have a direction

almost parallel to the lamina?, it is difiicult, if not impossible, to
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distinguish between them. The injection, however, of a few tubuli

here and there manifests their presence and direction.

General remarks on arrangement of tubuli in Crustacean shell.—
This alteration of the relative directions of the lamina? and tubuli

is what occurs in the other forms of Crustacean fragments to which

I have referred ; and I also find a corresponding obliquity of their

arrangement in the spines of recent Limuli. The same rule, in fact,

applies to both the recent and fossil integument
;

viz., whenever the

surface is elevated into a tubercle, the tubes have a direction a

little oblique to its surface ; on the sides of a conical eminence the

tubuli lie at an acute angle ; and when the eminence is included

between lines that are parallel, or nearly so, then the tubuli, as in

the spine-like Conodonts, take a direction almost parallel to the

surface. Calcareous corpuscles also occur in the Conodonts, and

are, I presume, the " nuclei or cells," which have been mentioned

in the description of these bodies. I am much indebted to Professor

Huxley for two specimens of Conodonts received from Dr. Pander.

They have proved a most valuable donation, since they have enabled

me to investigate their structure and determine their identity with

my own solitary specimen.

Chemical constitution.—Chemical analyses of each of these three

classes of bodies prove that they have the same composition ; and as

far as the eye can judge of the results of operations on small quan-

tities, the proportion of their constituents appears to be equal in all.

They are composed of phosphate and carbonate of lime, the former

being, contrary to my anticipations, the more abundant constituent.

The colour is due to sesqoioxide of iron.

Relationship.—Having thus determined that the bodies above

referred to, mcluding the Conodonts of Pander, are Crustacean frag-

ments, it remains to determine, as far as possible, to what particular

genus or genera they belong.

So great is the number, and so varied the forms of the parts of a

Crustacean, that it would be quite allowable to suppose that all the

forms figured in the first four plates of Dr. Pander's work (which

include representations of all the thirteen genera into which he has

subdivided the Conodonts) may belong to a single individual ; and

the same may be said of all the forms which I have figured ; but

perhaps it would be nearer the truth to assume that they have

a more distant relationship than this. May they not belong to

several or all of the orders and genera common to the strata in

which they lie ?

Structure of Pterygotus.—The question may be restricted some-

what by ascertaining the structure of some of these. Pirst, with

regard to that widely diffused genus Pterygotus. I infer that its

integument was very soft, and almost wholly composed of animal

matter, from the fact that it invariably occurs as a carbonaceous

film. We find the bony plates of Pteraspis and the testa of Tri-

lobites and Phyllopods well preserved in the mudstone-shale of the

Lower Ludlow strata ; but even in the calcareous seams of the Upper
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Ludlow, Pterygotus still remains as a flimsy trace, or dark stain*.

I am not justified, therefore, in referring any of these fragments to

this genus or its allies, unless, indeed, they have such forms as are

represented in figs. 11, 12, and 13, which may possibly be stomach-
teeth.

Structure of Trilobites.—As to the Trilobites, they have a struc-

ture altogether different from that above described. I have ex-

amined the integument of Calymene Blummbachii, Hctrpes macro-
cepludus, and Pliacops latifrons : Mr. Salter kindly furnished me
with material for examining the last two genera. They all agree

in structure ; and as this is best seen in the dark-coloured Ccdymene
from the Lower Ludlow strata, I will take this as the type. The
integument of this genus is seen in vertical section to consist of two
distinct portions, an inner and an outer ; and both are traversed by
wide straight tubes, from -^p -n-th to -j-JLIth of an inch in diameter,

placed at a distance of about g-^th of an inch apart, so as to be quite

isolated from each other. The outer part of the integument has a

coarsely fibrous appearance, the fibres having a horizontal direction,

and uniting obliquely to form a coarse network with narrow elliptical

meshes. I question whether this is a true structural appearance.

Magnified 300 times, this part of the integument presents obscure

indications of a finely laminated structure. In specimens from the

limestone the inner part of the integument has a prismatic struc-

ture ; but I believe that this is due to crystallization of the infil-

trated carbonate of lime ; for I do not observe it in specimens from

the mudstone. Moreover, the Trilobites do not appear to have

possessed articulated appendages.

Structure of Ceratiocaris.—On the other hand, the structure of

the bodies in question has a great resemblance to, if not a complete

identity with, that of Ceratiocaris. In a section of one of the tail-

spines of this genus from the Upper Ludlow rock, I find both the

tubular and laminar systems well displayed ; but the laminae, in-

stead of being faintly marked, are clearly and sharply defined, and
the tubuli are perhaps less crowded, and sometimes beautifully

zigzaged near their termination at the outer surface. There is

another and more general agreement between the bodies compared.

The Phyllopods of the Ludlow rocks are small, many being not much
larger than big prawns ; and they possessed a very hard integu-

ment, as is proved by their remains. Further, these' little animals

were very spiny, for even the tail-spines themselves were armed
with minute secondary spines disposed in longitudinal rows.

Discrimination.—Xow. while their microscopic size and extreme

hardness separate the little bodies referred to in this paper from

Pterygotus and its allies, and their structure from the Trilobites,

these characters all serve to associate them with the Phyllopods.

• In the large Lesinahago specimens, in which the integument is best developed

and preserved, it appears in vertical section as a black line, the -j-^th of an inch

only in tliickness, and no structure can be made out either in tins or in a horizontal

section.
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Indeed, I am almost convinced that many of the simple Conodonts

are really the minnte spines which were attached to the tail-spines

of Ceratiocaris. Some of these are repeatedly grooved in the longi-

tudinal direction ; so are many of the Conodonts. Some tail-spines

in my possession possess rows of little oval apertures which cor-

respond to the attachment of the secondary spines, which were no

douht moveable ; and these apertures correspond in size to the bases

of the Conodonts. Further, the Conodonts are most abundant in

those strata where, in this country at least, the Phyllopods are most

common, viz. in the Lower Ludlow.

"While I would thus dispose of the spine- and tooth-like bodies, I

am much puzzled about a reference for the plates or scales. They
look at first sight like fragments of Trilobites

; but, apart from their

difference of structure, the irregularity of their tuberculation and
their isolated entirety separate them from these animals. Are they

the disunited and symmetrical pieces of such a tessellated carapace

as is found in the recent genus Birgusl (figs. 18, 19).

Both the Conodonts of Pander, and the fragments which I have
described in this paper, have resemblances to the recent genera

Squilla and Limulus. In structure they exactly agree with the

latter, the carapace of which shows no differentiation into outer and
inner portions ; and the whole thickness is traversed by simple, uni-

form and straight, or slightly bending tubes.

Bodies similar in form to many of those figured in tab. 1 and 2
of Dr. Pander's work are to be found articulated with the margins of

the carapace of Limulus, and fringing the caudal appendages of some
species ofSquilla . Indeed figs. 22 and 23, tab. 2, are exact representa-

tions of the posterior margin of the caudal segment of a species of

Squilla in the Museum of Comparative Anatomy at King's College.

Astacoderma.—In order to facilitate the recognition of the bodies

mentioned in this paper, I propose to form them into one provisional

genus, from which, as each is more particularly identified, it may be
withdrawn. Astacoderma is the name I would give this genus, in

which I would also include the whole of the so-called Conodonts,

and thus give them at once a natural association, and a more appro-
priate name.

I will now briefly describe such of the more typical forms as

often occur in the Bone-bed.

ASTACODEBMA TERMINALE. PI. XVII. figS. 1 & 14.

About a line in length, conical, round or compressed and sub-

angular, hollow, the cavity usually extending about two-thirds the

length. Pig. 14 is an irregular form.

A. BicusprDATrar. PI. XYII. figs. 2, 3, 4, 7.

Rarely exceeding a line in length, and about as broad
; cusps

usually equal, vertical or oblique, each hollowed at the base into a
little conical cavity. In fig. 7 the cusps are confluent.

These two species were probably the hard extremities of limbs.

Loc. Ludlow and Norton.



550 PROCEEDINGS OF IKE GEOLOGICAL SOCIETY, [June 19,

A. SERRATTTM. PI. XVII. fig. 15.

Very minute (fig. 15 does not exceed a line in its greatest di-

mension) ; the cusps are sometimes unequal and irregularly arranged

;

dark streaks indicate cavities at the bases of the cusps.

This is the Gnathodus of Pander. It is doubtless the serrated

margin of some carapace or body-ring.

Loc. Ludlow.

A. spikostjm. PI. XVII. figs. 16 a, 16 b.

The simple Conodont of Pander, corresponding to the genus
Acodus. Spines of Ceratiocaris, or of some Squilloid Crustacean.

Loc. A solitary specimen in the Bone-bed, Ludlow.

A. TRLANGUIARE . PI. XVII. figS. 5 a & 5 b.

Triangular, subpyramidal, broader than long, terminated by three

cusps, two anterior, the third posterior and intermediate, more pro-

minent than the anterior ; inferior surface (5 b) presents three de-

pressions in a general concavity, corresponding to the cusps.

Var. diffusion (fig. 6).

Var. contractum (fig. 8).

Loc. Ludlow and Norton (common).

A. DECLINATTJir. PI. XVII. fig. 9.

Odd cusp anterior, depressed, forming the termination of a ridge

running downwards and forwards from the left posterior cusp

;

between this ridge and the right posterior cusp is a deep depression

which slopes downwards to the right side. Inferior surface concave,

presenting a general concavity with three depressions corresponding

to cusps.

Var. depressum.

Var. expansion. Anterior cusp carried towards the right side, so

as to bo nearly in front of the right posterior ;
depression almost

transverse, wedge-shaped.

Var. expanso-acuminatum (fig. 10). This variety serves to con-

nect, through fig. 8 (A. triangidare, var. contractum), the last two
species described. I am at a loss where to affix these bodies ; but

the varieties delineated in figs. 8 & 10 are identical in form with

some of the stunted spines articulated to the margins of the abdo-

minal plate of Limidus.

Loc. Ludlow and Norton (frequent).

A. UNDXiLATim. PI. XVII. figs. 11, 12a—12c?, 13.

Cusps obsolete or nearly so ; the two intervening and diverging

ridges forming a V-shaped elevation, from which the rest of the

surface declinesion. This is only a declens of variety expansion.

Var. composition. A combination of two or even three such forms,

making a zigzag plate, bounded by a smooth, slightly elevated

margin. The under surface presents usually, but not invariably,

depressions corresponding to the elevations. This form is not un-
like the stomach-teeth of the common Lobster.

Loc. Ludlow and Norton (not very common).
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A. planum. PI. XYII. figs. 18, 19, 20 a, 206, 20 c.

Flat smooth plates, with rounded polished, or straight (some-

times polished, sometimes unpolished) edges, often as much as | of a

line in thickness. Superior surface slightly concave, or distinctly

included within a raised margin, occasionally marked just within

the margin with minute pits or radiated linear depressions ; inferior

surface also slightly concave, and partially bounded by a smooth

elevated border.

Var. monotuberculatum (fig. 20). Sometimes the linear depres-

sion here shown, but which is not present in the typical form, be-

comes very wide ; and then the one-half of the plate is occupied by
two tubercles (fig. 19).

Yar. trituberculatum (fig. 18). Oblong or pyriform ; the superior

surface presents three pretty equal rounded tubercles, bounded in one

direction by the elevated margin of the plate. These forms resemble

the valves of some species of Beyrichia ; and had they possessed a

more delicate structure and a greater concavity of one surface, one

would have been induced to refer them to these Entomostracans.

Log. Ludlow and Norton.

This form and its varieties are very common, and make up a con-

siderable proportion of the " black scales," of which the bone-bed

appears to be in great part composed. They may possibly belong

to some Limuloid Crustacean.

A. EEMIEOEME. PI. XVII. fig. 17.

Flat, triangular
;
superior surface convex ; inferior a little concave.

The superior surface presents near the base a transverse depression,

alternately convex and concave, apparently for ginglymoid articula-

tion.

I have met with this form twice only. It resembles some of the

little paddle-like appendages to the posterior limbs of Limulus.

Loc. Ludlow and Norton.

Br. VoTborth,
s discovery of Gonodonts in the Ludlow Bone-bed.—

I would mention in conclusion, that I had, last summer, the pleasure

of showing my specimens of Conodonts from the Bone-bed to Dr. Vol-
borth of St. Petersburg, a very eminent authority in this matter,

and that he unhesitatingly confirmed the view I had taken of these

bodies, as to their being identical with Dr. Pander's Conodonts.

, On the 30th of May last, and a short time after I had given in

my paper to the Society, I received an obliging letter from Dr. Vol-
borth, which, as it contains information not only corroborative

of some statements made in this paper, but also of general interest,

I feel that I cannot do better than transcribe.

"St. Petersburg, May 12, 1861.

" Deae Sib,—According to my promise, I beg leave to inform you
that on my return home I found hundreds of Conodonts in the de-

composed part of the bone-bed of Ludlow. They have probably

undergone metamorphic action, being white, opake, very brittle,

and not of so brilliant a lustre as ours. But they are certainly Cono-
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donts, as Mr. Pander has been able to trace in them the same
microscopical structure, with the aid of glycerine.

" I found Conodonts, too, at the Isle of Oeland (Sweden), and suc-

ceeded in detecting fish-remains at the Isle of Gothland, in marls

that coat the natural divisions of the limestones of the Thorsberg, in

the south-east of the isle, close to Oestergarn. They belong to those

shagreen-scales that are so abundant in the bone-bed of Ludlow
(Thelodus, Agass.), described by Mr. Pander as Coelol&pis from Oesel,

and confirm the views of Sir Roderick about the younger age of the

strata in the southern part of the Island.

" Dr. Alexander Volborth."

EXPLANATION OF PLATE XVII.

Eig. 1. Astacoderma terminate ; X25.
14. A. terminate, var. X 15.

2, 3, 4. A. bicuspidatum and varieties; X25.
7. A. bicuspidatum, var. X 15.

5 a. A. triangulare.

5 b. A. triangulare, under surface. > X25.
6. A. triangulare, Tar. diffusum. J

8. A. triangulare, var. contraction ; X 15.

9. A. declinatum ; X 25.

10. A. declinatum, var. expanso-acuminatum. "]

11 a. A. undulatum: vel declinatum, var. expansum.

\\b. A. undulatum, under surface. >xl5.
12 a. A. undulatum, var. composition.

13. A. undulatum, var. compositum, under surface. J
12 b. A. undulatum, var. compositum, vertical section, x25.
12 c. A. undulatum, var. compositum, vertical section, x60, showing the

tubular structure.

12 d. A. undulatum, var. compositum, vertical section, X250, showing the

laminar structure (a few tubuli are injected).

15. A. serratum; Xl5.
16 a & 16 b. A. spinosum ; X 15.

17. A. remiforme; xl5.
18. A. planum, var. tritubcrculatum ; X 15.

19. 20 «. A. planum, \&r. monotuberculatum; Xl5.
20 b. A. planum, var. monotuberculatum, horizontal section, X250, showing

tubuli cut across and arranged in systems.

20 c. A. planum, var. monotuberculatum, vertical section through part of the

thickness, X 250, showing the tubuli.

4. On the Outburst of a Volcano near Edd, on the African Coast

of the Red Sea. By Capt. R. L. Platpair, Officiating Political

Resident, Aden.

[Communicated by Sir E. I. Murchison, V.P.GKS.]

(Abstract.)

At Edd, lat, 13° 57' N., long. 41° 4' E., about half-way between

Massouah and the Straits of Bab-el-Mandel, earthquake-shocks

occurred on the night of the 7th of May or the morning of the 8th,

during about an hour. At sunrise fine dust fell, at first white, after-

wards red ; the day was pitch-dark ; and the dust was nearly knee-

deep. On the 9th the fall of dust abated ; and at night fire and smoke

were seen issuing from Jebcl Dubbeh, a mountain about a day'sjourney
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inland, and sounds like the firing of cannon were heard. At Perim

these sounds were heard at about 2 a.m. on the 8th, and at long in-

tervals up to the 10th or 11th. The dust was also met with at sea;

and along the entire coast of Yemen the dust fell for several days.

Several shocks were felt on the 8th at Mokha and Hodaida.

5. Notice of the Occurrence of an Earthquake on the 20th of March,

1861, in Mendoza, Argentine Confederation, South America.

By C. Murray, Esq.

[Communicated by the President.]

(Abstract.)

At about | to 9 o'clock, the first shock, preceded by a thunder- clap,

destroyed the city of Mendoza, killing (it is said) two-thirds of its

16,000 inhabitants. Altogether there were eighty-five shocks in ten

days. The land-wave appears to have come from the south-east.

Several towns S.E. of Buenos Ayres felt slight shocks. No earth-

quake took place in Chile ; but travellers crossing the Upsallata Pass

of the Cordilleras met with a shower of ashes ; the pass was obstructed

by broken rocks ; and chasms opened on all sides. At Buenos Ayres,

323 leagues from Mendoza, and elsewhere, it was observed in watch-
makers' shops that the pendulums moving 1ST. and S. were accele-

rated ; those moving E. and "W. were not affected.

6. On the Increase of Land on the Coromandee Coast.

By J. W. Dykes, Esq.

[From a Letter* to Sir C. Lyell, F.G-.S.]

In the districts of the Kistna and Godavery, the land presents a paral-

lel series of ridges and hollows near the coast, not in relation to the
rivers but to the coast-line. These may have been formed by sedi-

mentary deposits similar to what are now taking place on the Coro-
mandel coast. By the strong currents alternately running N. and S.,

according to the monsoons, lines of sediment parallel with the coast

are formed ; and by the occasional interference of winds and tides

dams are thrown across the hollows, and the latter soon become filled

up. These parallel bands of coast-land become, in time, upheaved
and more or less affected by atmospheric agencies.

7. The Secretary gave a brief account of the discovery of an ex-
posure of sandstone strata with two bands of clay full of calcareous
nodules containing plentiful remains of Ooccosteus, Glyptolepis, and
other fishes belonging to the Old Bed Sandstone, in a burn about

2| miles from the Manse at Edderton, Boss-shire, on the south side

of Durnoch Firth. This information was contained in a letter

from the Eev. J. M. Joass, of Edderton, communicated by Sir R. I.

Murchison, V.P.G.S.

* Dated Kottapaluam, January 17, 1861.
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TO THE

LIBRARY OE THE GEOLOGICAL SOCIETY.

From April 1st to June 30ih, 1861.

I. TRANSACTIONS AND JOURNALS.

Presented by the respective Societies and Editors.

American Journal of Science and Arts. Second Series. No. 70.

July 1857. From Prof. B. Silliman, For.M. Q.S.

C. U. Shepard and F. A. Gentli.—Minerals of the Canton Mine,

38, 133.

J. Hall.—Cretaceous Strata of the United States, 72.

J. D. Dana.—Fourth Supplement to Dana's ' Mineralogy,' 133.

C. U. Shepard.—Meteoric Stone which fell in Tennessee, Aug. 5,

1855, 134.

J. W. Mallet.—Separation of Magnesia and Lithia, 137.

Wohler.—New Oxide of Silicon, 140.

Bmnner.—Manganese, 140; Fr£my, Chromium, 141.

H. Ste-Cl. Deville.—Preparation of the Elements, 141.

O. M. Lieber.—Geological Survey of South Carolina, 145.

J. S. Newberry.—New fossil Fishes from the Devonian Rocks of

Ohio, 147.

F. B. Meek and F. V. Hayden.—New fossil species of Mollusca, 149.

H. G. Bronn.—Proportion of Bivalves of different Geological Ages,

150.

J. Tyndall and H. C. Sorby.—Slaty Cleavage, 150.

Filtration through Sand, 157
;
Density of the Earth, 158.

. Vol. xxxi. No. 92. March 1861.

A. Guvot.—Appalachian Mountain System, 157 (Map).

J. P. Cooke.—Dimorphism of Arsenic, Antimony, and Zinc, 191.

J. M. Safford.—Upper Silurian Beds of Western' Tennessee, 205.

J. Barrande. E. W. Logan, and J. Hall—Taconic and Quebec

Groups of Rocks, 210.

S. D. Hayes.—A new Lead-salt, 22G.
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American Journal of Science and Arts. No. 92 (continued).

F. V. Hayden and W. F. Raynolds.—Geology of the Country about

the Head-water of the Missouri and Yellow Stone Rivers, 229.

W. Cribbs.—Atomic "Weights of the Elements, 246.

J. L. Smith.—Three new Meteorites, 264.

A. Delesse.—Metamorphism and Pseudomorphism, 273.

F. H. Storer.—Alloys of Copper and Zinc, 286.

J. W. Dawson.—Fossils of the Coal of Nova Scotia, 290.

J. Hall's ' Contributions to Geology/ noticed, 293.

. Yol. xxxi. No. 93. May 1861.
.

E. T. Doane.—The Atoll of Ebon in Micronesia, 318.

F. J. Pictet.—The Quaternian or Diluvian Period, 345.

J. Schiel.—The presence of Phosphoric Acid in Igneous Rocks, 353.

G. J, Brushe.—Ninth Supplement to Dana's ' Mineralogy/ 354.

E. Hitchcock.—Conversion of certain Conglomerates into Talcose

and Micaceous Schist and Gneiss, 372.

T. S. Hunt.—Some Points in American Geology, 392.

F. H. Storer.—Alloys of Copper and Zinc, 423.

L. Lesquereux.—Botanical and Palseontological Report on the Geo-
logical State Survey of Arkansas, 431.

0. Heer.—Fossil Leaves of Nebraska, 435.

W. B. Rogers.—Elongate Form and parallel Arrangement of the

Pebbles in the Newport Conglomerate, 440.

T. S. Hunt.—Chloritoid from Canada, 442.

J. Phillips's 1 Life on Earth/ noticed, 444.

C. U. Shepard.—Catalogue of his Collection of Meteoric Stones and
Meteoric Irons, 456.

Assurance Magazine. Yol. ix. Part 5. No. 43. April 1861.1

Athenaeum Journal. Nos. 1745-1757.

Notices of Meetings of Scientific Societies, &c.

W. S. Symonds's 'Old Bones/ noticed, 527.

Obituary Notice of J. S. Henslow, 696.

Palmieri.—Vesuvius, 703.

Wilson and Geikie's ' Memoir of Edward Forbes/ noticed, 756.

H. F. A. Pratt's ( The Genealogy of Creation/ noticed, 860.

D. Page's 1 The past and present Life of the Globe/ noticed, 865.

Berlin. Monatsberichte d. Konig. Preuss. Akad. d. Wissensch. Re-
gister vom Jahre 1836 bis 1858. 1860.

. Monatsberichte for 1860. 1861.

Beyrich.—Ueber Semnopithecus Pentelicus, 349.

Bunsen.—Entdeckung eines dem Kalium ahnlichen Metalls, 221.

Ehrenberg.—Meteoreisen und -steinen aus Nordamerika, See, 517.

Heintz.—Boracit, 466.

Rammelsberg.—Ueber das Verhalten der aus Kieselsaure bestehen-
den Mineralien gegen Kalilauge, 758.

G. Rose.—Yorkommen der Diamanten in Brasilien, 137.

. Ueber die heteromorphen Zustahde der kohlensauren Kalk-
erde, 365.

H. Rose.—Ueber die untemiobsauren Sake, 710.

R. Schneider.—Isomorphie der Jodantimon mit Jodwismuth, 56.

. Ueber Wismutn- und Antimonjodosulfuret, 57.
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Berwickshire Naturalists' Club. Proceedings, 1861.

E. Carr.—Anniversary Address, Sept. 13, 1860, 157.

J. Hardy.—Fossil Antlers of Roebuck, Megaceros, and Red-deer at

Coldingham, 206, 214 (plate).

Brussels. Annuaire de l'Academie Royale des Sciences, des Lettres

et des Beaux Arts de Belgique. 1861.

. Bulletins de l'Acad. Roy. 29me Annee, 2me Ser. Yol. ix.

1860.

Scoliy.—Stir une de"couverte d'ossements fossiles a Lien'e, 405, 436
(plate).

. . Vol. x. 1860.

Van Beneden.—Discours prononce"e 16 Dtscembre, 709.

Raemdonck, Nyst, &c.—Sur ossements fossiles trouve's dans les en-

virons de St. -Nicholas, 401.

Montigny.—Sur des de'bris d'animaux fossiles trouves pres de Ni-
veUes, 430.

Dewalque et autres.—Sur les fouilles faites a Anvers, 508, 599.

Malaise De Koninck, et d'Omalius.—Sur des ossements humains
fossiles, et sur quelques silex faille's, 511, 514, 538 (plate).

. lle'moires couronne's et autres me'moires publies par l'Acad.

Roy. de Belgique. Collection in 8vo. Vol. x. 1860.

A. Perrey.—Sur les Tremblements de Terre in 1857, avec Supple-

ments pour les anne"es anterieures.

. Me'nioires de l'Acad. Royale de Belgique. Vol. xxxii. 1861.

Caen. Bulletin de la Soc. Linneenne de Norniandie. Vol. v. Anne'e

1859-60.

Perrier.—Sur quelques fossiles recueillis sur la route des champs
St.-Michel, 89.

De Caumont.—Sur quelques fossiles recueillis dans le lit de la

Dive, 91.

. Sur les bords de la Mer Jurassique du sud-est de la France,

92.

E. Deslongchamps.—Sur un corps fossile, 111 (pi. x. figs. 5-8).

E. E. Deslongchamps.—Sur quelques G asttiropodes fossiles des ter-

rains jurassiques, 119 (plate).

E. Deslongchamps.—Sur une nouvelle coupe gen6rique de gaste"ro-

podes fossiles, nomme'e Eucyclus, 138 (plate).

E. Hebert et E. E. Deslongchamps.—Sur les fossiles de Montreuil-

Bellay, 153 (9 plates).

De Brebisson.—Empreintes de corps organises sur une roche Cam-
brienne, 244 (plate).

Calcutta. Asiatic Society of Bengal. Journal. New Series. No. 105.

1860, No. 4.

W. T. Blanford.—Rocks of the Damuda Group of Raniganj, 352.

II. J. Carter.—Geological specimens from the Persian Gulf, &c, 359.

. . No. 106. 1861, No. 1.

H. B. Medlicott—The Sub-Himalayan Rocks, 22.
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Canadian Journal. New Series. No. 32. March 1861.

D. Wilson.—Presidential Address, January 13, 1861, 101.

E. Billings.—Devonian Fossils of Canada West, 138 (figures).

E. J. Chapman.—Minerals and Geology of Canada, 149.

H. Y. Hinde's ' Narrative of the Canadian Red River Exploring Ex-
pedition,' &c, noticed, 175.

J. Hall's ' Contributions to Palaeontology,' 1860, noticed, 187.

Chemical Society. Quarterly Journal. No. 53. Vol. xiv. Part 1.

April 1861.

H. M. Noad and A. Voelcker.—Analysis of the Saline Water of

Purton, near Swindon, 43, 48.

F. Field.—Carbonates of Copper, Nickel, and Cobalt, 48, 70.

Cherbourg, Memoires de la Soc. Imp. des Sc. Nat. dc. Vol. vii.

1859. 1860.

Jouan.—Sur les iles basses et les recifs de corail du Grand-Oce'an,

148.

. Sur le Guano cles iles Chinchas, 364.

Bonissent.—D6couverte de Fossiles a Couville, 372.

Critic. Vol. xxii. Nos. 561-573.

Notices of Meetings of Scientific Societies, &c.
Obituary Notice of J. S. Henslow, 706.

Wilson and Geikie's ' Memoir of E. Forbes,' noticed, 755.

Dublin. Royal Irish Academy. Transactions. Vol. xxiv. Part 1

.

1860.

G. J. Stoney.—Rings seen in fibrous specimens of Calc-spar, 31.

Empire, the (Sydney). No. 2911. January 28, 1861.

Australian Gold-fields, 2.

Falmouth. Cornwall Polytechnic Society. 28th Annual Report.

1860.

R. Q. Couch.—Mortality of Cornish Miners, 18.

H. C. Salmon.—Origin of Crystalline Rocks, 97.

Geologist. Vol. iv. No. 40. April 1861.

J. W. Salter.—Coal, 121.

C. Hutton.—The Darwinian Theory, 130.

J. Powrie.

—

Cephalaspides of Forfarshire, 137.
R. Lightbody.

—

Cephalaspides of Worcestershire, 140.

A. Marston.

—

Cephalaspides from near Ludlow, 141.

Foreign Correspondence, 142.

V. Lipoid.—Silurian " Colonies " of Bohemia, 142.

W. W. Woods.—Minerals of the Philippines, 143.

Notices of Societies, 145.

Notes and queries, 157.

Heusser and Claraz.—Diamond-workings of Brazil, 163.

G. R. Vine.—Geology of Athlone, 169.

J. F. Whiteaves.—Oolitic Echinodermata of Oxford, 174.
Reviews, 176.

VOL. xvit.—pact i. 2 p
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Geologist. Nos. 41, 42. May and June 1861.

J. W. Salter.—Coal, 177, 229.

F. W. Hutton.—The Darwinian Theory, 183.

G. E. Roberts.— Cephalaspis and Pteraspis, 189.

C. Moore.

—

Terebella, and some new Brachiopoda, 190.

Fossil Chitons, 222.

Iceland, 225.

G. W. Stow.—Geology of Sundays River, South Africa, 238.

F. Drake.—Human Remains in the Vale of Belvoir, 246.

Foreign Correspondence, 194, 247.

Proceedings of Societies, 206, 256.

Notes and Queries, 212, 258.

Reviews of Books, 268.

Hanau, Jahresbericht der Wetterauer Gesellschaft fur d. gesammte
Naturkunde zu. 1861.

R. Ludwig.—Ueber Bodenschwankimgen im Gebiete des untern

Mainthales wahrend der Periode der Quartarbildungen, 1.

P*. Blum.—Die in Wetterau vorkommenden Pseudomorphosen, 15.

. Neue Fimdorte von Mineralien in der Wetterau, 26.

. Roesslerit, ein neues Mineral, 32.

Heidelberg, Verhandlungen des nat.-med. Vereins zu. Yol. ii.

Part 2.

R. Bhun.—Ueber eine besondere Art der Ausfiillung von Blasen-

raumen in Mandelsteinen, 82.

. Ueber Pseudomorphosen und Einschliisse von Mineralien in

Mineralien, 87.

India, Geological Survey of. Annual Report. 4th year. 1859-

60. 1860.

Institution of Civil Engineers. Proceedings. Session 1859-60,

Nos. 2-20 ; and Session 1860-61, Nos. 1-25.

C. E. Amos.—Waterworks at Trafalgar Square.

F. Braithwaite.—Rise and Fall of the River Wandle, &c.
J. Murray.—The North Sea, or German Ocean ; its Estuaries,

Rivers, and Harbours.

Jena. Nova Acta Acad. Cses. Leop.-Carol. Germ. Nat. Cur. Vol.

xxviii. (3rd Ser. Vol. viii.). 1861. (Comprising the Leopoldina,

Heft ii.)

Linnean Society. Journal of the Proceedings. Vol. v. Nos. 19, 20.

. . 2nd Supplement, to Vol. v., Botany. May 24, 1861.

. Charter and Bye-laws. 1861.

. Transactions. Vol. xxiii. Part 1. 1860.

List of FeUows. 1860.
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Literary Gazette. Vol. vi. Nos. 147-156.

Notices of Meetings of Scientific Societies, &c.

K. Scherzer's ' Voyage of the Novara,' noticed, 435.

D. Page's ' The Past and Present Life of the Globe/ noticed, 534.

Wilson and Geikie's ' Memoir of Edward Forbes/ noticed, 563.

J. Cumniing's 'Isle of Man/ noticed, 582.

London. International Statistical Congress, the Fourth Session.

Programme. 1860.

R. Hmit.—Statistics of Mineral Produce, &c, 85.

Mortality of Miners, 55.

. . Report of the Proceedings. 1861.

P. Hunt.—Statistics of Miners, 306.

. Mortality of Miners, 309.

London, Edinburgh, and Dublin Philosophical Magazine. 4th Series.

Vol. xxi. Nos. 140-142. April-June 1861. From Dr., W.
Francis, F.G.S.

W. Crookes.—A new Element, probably of the Sulphur group, 301.

J. D. Smithe.—Gravel of the Punjab, 305.

T. H. Huxley.

—

Pterasjns Dunensis, 305.

W. Whitaker.—Chalk-rocks of Wilts, Berks, &c, 306.

R. I. Murchison and A. Geikie.—Western and Central Islands,

306.

. Coincidence between Stratification and Foliation in the

Highlands, 308.

R. Harkness.—Silurian Rocks in the Highlands and N. W. Ireland,

308.

F. Drew.—Hastings Sand, 309.

J. W. Kirkby.—Permian Rocks and Fossils of South Yorkshire,

310.

D. Campbell.—Arsenic and Antimony in Streams and Rivers, 318.

F. von Kobell.—Dianic Acid, 415.

E. J. Chapman.—Drift Deposits of Western Canada, 428.

A. Daubree.—Capillary Infiltration, 479.

—— . . No. 143. Supplement. June 1861.

C. Bunbury.—Fossil Plants from Nagpur, 536.

S. Hislop.—Plant-bearing Sandstones of Central India, 536.

W. B. Clarke.—Age of the Coal-rocks of New South Wales, 537.

T. H. Huxley.—Reptilian Remains from Bengal, 537.

J. Hector.—Geology of the Rocky Mountains, 537.

A. Gesner.—Movements of the Land in North America, 539.

London Review. Vol. ii. Nos. 40-52. April-June 1861.

Notices of Scientific Societies' Meetings, &c.

D. Livingstone.—Victoria Falls, Tete, &c, 476.

Spectrum-analysis of Metals, 521.

D. Walker.—Geology of the Arctic Regions, 537.

Mosaic Cosmogony, 585.

Spectrum-analysis, 649, 766.
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London Review. Vol. ii. Nos. 40-52. April-June 1861 (continued).

R. Fitzroy.—Stone-tools hi Drift, 63S.

Freshwater Spring in the Sea off Florida, 664.

Carbon and its combinations and products, 732.

Longman's Monthly List. Juno 1, 1861.

—— . Notes of Books. No. 25. May 1861 . .

Manchester Geological Society. Transactions. No. 5. 1861

.

J. Dickinson.—Locks for Miners' Safety-lamps, 57.

. Petroleum in Coal-mines, 62.

P. Higson.—Outbursts of Fire-damp in Coal-pits, 64.

P. Cartellieri.—The Francis Well at Eger influenced by atmospheric

pressure, 68.

J. Taylor.—Geology of Castletou, 73.

Mechanics' Magazine. New Series. Vol. v. Nos. 119-131.

Notices of Meetings of Scientific Societies, &c.

Ventilation of Coal-mines, 230, 261.

Fremv.—Composition of Steel, 364, 412.

R. Musket.—Chemistry of Steel, 371, 386, 403, 418.

J. R. Liefchild.—Ventilation of Coal-mines, 379.

Melbourne (Victoria). Mining Surveyors' Reports. No. 23.

March 1861.

Milan. Atti del Reale Istituto Lombardo di Scienze, &c. Vol. ii.

Fasc. 4-9. 1860-61.

. Memorio del Reale Istituto Lombardo, &c. Vol. viii. (Vol.

ii. of the 2nd series), fasc. 4. 1861.

Munich. Sitzungsberichte Kon. bayer. Akad. Wissensch. 1860.

Hefte 4 & 5. 1860. Zu Miinchen.

A. Wagner.—Leber den gegenwiirtigen Standpunct der Theorien

der Erdbildung nach ihre geschichtlichen Entwickelung in den

letzten funfzig Jahren, 375.

Vogel.—Leber die Fiillung des schwefelsauren Manganoxyduls durch

Silberoxyd, 639.

A. Wagner und Lindermayer.—Leber die fossilen Knochenreste von
Pikermi, 647.

New York. The Second Annual Report of the Trustees of the

Cooper Lnion for the Advancement of Science and Art. January

1, 1861.

New Zealand Examiner. No. 16.

Tans. Annales des Mines. 5me Ser. Vol. xviii. Livr. 5 et 6 de

1860.

A. Delesse.—Recherches de l'azote et des matieres organiques dans

l'6corce terrestre, 219.
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Paris. Annalcs des Mines. 5TC0 Ser. Vol. xviii. Livr. 5 et 6 dc

1860 (continued).

H. Ste.-Cl. Deville et H. Debray.—De la me"tallurgie du platine et

des metaux qui l'accompagnent, 325.

B. von Cotta.—Mine"raux des filons metalliferes de Freiberg, 649.

. . Vol. xix. Livr. 1 dc 1861.

A. Daubree.—Percement de certaines roclies tres dures, 25.

. Bulletin de la Societe Geologiquc de France. Deux. Se'r.

Vol. xviii. Feuil. 1-6. 1861.

Ed. Piette.—Sur un nouveau genre de gasteropodes (Exelissa), 14.

Tournal.—Sur la presence, dans les cavernes, d'animaux d'especes

perdues, 15.

Gosselet et Delanoiie.—Sur les terrains primaires de la Belgique et

du nord de la France, 18, 33.

Ch. Lory.—Sur la constitution stratigraphique de la Haute-Mau-
rienne (pi. 1), 34.

Alpb. Favre.—Sur la Structure des montagnes qui constituent le

versant nord de la Maurienne (pi. 2.), 47.

J. Delbos.—Sur l'osteologie compared des Ours vivants et fossiles, 53.

Loustau.—Coupe du terrain traverse
-

par la ligne de Cbauny a Saint-

Gobain, 77.

Ed. Hebert.—Gisement des couches marines de Sinceny (Aisne), 77.

Buteux.—Sur des bancs du diluvium avec debris d'especes d'ani-

maux perdus superposes a Amiens a des couches de tourbe, 79.

Em. Goubert.—Coupes dans les marnes de Saint-Ouen, 80.

Marcel de Serres.—Sur la troncature normale des coquilles des mol-
lusques gasteropodes, etc., 87.

Anca.—Sur l'existence de VElephas africanus en Sicile, 90.

Albert Gaudry.—Sur quelques os gigantesques provenant des nou-
velles fouilles entreprises h Pikermi (Grece), 91.

. . Vol. xviii. Feuil. 7-12. 1861.

Ed. Hebert.—Sur la mer jurassique et les theories imaginees pour
rendre conrpte de ses deplacements, 97.

A. Laugel.—Sur le Blatterstein du Plarz, 103.

E. Dmnortier.—Sur le Cirrus Foumeti (Thiolliere) (pi. 3), 106.

Daubree.—Sur les zeolithes formees dans un beton romain par les

eaux thermales de Luxeuil (Haute-Saone), 108.

Ch. Ste-C. Deville.—Sur le tremblement de terre eprouve aux An-
tdles le 8 fevrier 1843, 110.

A. Bou6.—Sur l'origine de la Societe geologique de France, 130.

H. Coquand.—Rapports entre les groupes de la craie moyenne et de
la craie superieure de la Provence et du sud-ouest de la France,

133.

Deshayes.—Analyse d'un travail de M. Ed. Suess sur les Brachio-
podes de la collection de Vienne, 163.

Ed. Suess.—Faune du bassin neo-tertiaire de Vienne, 168.

Th. Ebray.—Stratification de la craie moyenne comprise entre la

Loire et le Cher, 176.

Bertrand de Lorn.—Sur les nombreuses especes minerales decouvertes

dans les cinq departements volcaniques de la France, 192.
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Paris. Bulletin de la Societe Geologique de France. Deux. Ser.

Yol. xviii. Feuil. 13-21. 1861 (continued).

A. Daubree.—Sur la possibilite d'mie infiltration capillaire autravers

des niatieres poreuses, &c, 193.

. J. Barrande.—Sur la faune primordiale et le Systenie taconique en
Amerique (pi. 4 et 5), 203.

L. Saemann.—Sur 1'unite des pbenonienes geologiques dans le sy-

steme planetaire du soleil, 322.

F. Cailliaud.—Sur l'existence de la faune troisienie silurienne dans

le nord-est du departement de la Loire-Inferieure, 330.

. Memoires de la Societe Geologique de France. Deux. Serie.

Vol. i. pt. 2. 1846.

Tborent.—Sur la constitution geologique des environs de Bayonne,
181 (plate).

J. Cornuel.—Description des entomostraces fossiles du terrain cre-

tace inferieur du departement de le Haute Marne, 193 (plate).

A. Viquesnel.—Journal d'un voyage dans la Turqiiie d'Europe, 207
(map).

B. Studer.—Sur la masse des montagnes entre la route du Simplon
et celle du Saint-Gotbard, 305 (map and plate).

A. Leymerie.—Sur le terrain a niunmulites (epicretace) des Cor
bieres et de la Montagne Noire, 337 (map and 5 plates).

. . Vol. iv. Pt. 2. 1852.

L. Bellardi, &c.—Catalogue raisonne des fossiles nummulitiques du
Comte de Nice, 205 (11 plates).

A. Delesse.—Bechercbes sur les roches globideuses, 301 (4 plates).

. ^— . Vol.v. 1854-5.

H. Coquand.—Description geologique de la proAince de Constantine,

1 (4 plates).

J. Haime.—Description des bryozoaires fossiles de la formation juras-

sique, 157 (4 plates).

O. Terquem.—Paleontologie du systeme du lias inferieur du grand-

duche de Luxembourg et de Hettange, du dep. de la Moselle, 223

(15 plates).

E. Hubert.—Tableau des fossiles de la craie de Meudon, 345 (3 ^plates).

. . Vol. vi. 1856-9.

J. Durocbe.—Constitution geologique de la Norvege, de la Suede,
et de la Finlande, 1 (2 maps and 1 plate).

L. D'Arcbiac.—Etudes geologiques d"une partie des departements de

l'Aude et des Pyrenees-orientales (les Corbieres), 209 (map and
3 plates).

. . Vol. vii. Mem. No. 1. 1860.

J. Martin.—Paleontologie stratigrapbique de linfra-lias, 1 (8 plates).

. Comptes Bendus des Seances de l'Acad. des Sciences. Tables

du tome li.

Geof. St.-Hilaire.—Classification antbropologique et zoologique, 432.
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Paris. Comptes Rendus des Seances de l'Acad. des Sciences. Tables

dn tome li. (continued).

Delesse.—Recherche de l'azote dans les substances minerales, 286, 405.

Nickles.—Relations d'isomorpbisme entre le bismuth, et l'antimoine,

1097.

Bechamp.—Cuivre dans les eaux de Balaruc, 218.

Moissenet.—Du dosage de l'dtain dans ses minerals, 205.

Thomassy.—Sur le delta du Mississippi, 133.

C. Mene.—Sin le groupe de la Montagne Noire (Aude), 31.

Durocher.—Recherches sur les systemes de montagnes de l'Amerique

Oentrale, 43.

. Etudes hydrographiques et geologiques sur le lac de Nica-

ragua, 118.

S. Gras.—Opposition entre l'ordre stratigraphique des couches et

leurs caracteres paleontologiques, 108.

De Chancourtois.—Distribution des minerals de fev, 414.

Phipson.—Roche recemment forrnee sur le littoral de la Flandre, 419.

Gaudry.—Couche fossilifere de Pikermi, 500.

Pissis.—Travaux geologiques et geodesiques executes au Chili, 608.

Poucel.—Important gisement de minerai d'argent dans l'Ambato
(Confederation Argentine), 604.

E. Robert.—Recherches sur les matieres, notamment les pierres, qui

ont ete travaillees par les premiers habitants des Gaules, 660.

Engelhardt.—Formation de la glace au fond de l'eau, 23.

Maille.—Moyen d'amplifier les marees a l'embouchure des rivieres,

762.

Arnoux.—Sur un minerai de Gamboge contenant du plomb, du cuivre,

et de l'argent, 455.

Mene.—Sur une nouvelle espece de cuivre gris, la fournerite, 463.

Pisani.—Analyse de la glauberite de Varengeville pres Nancy, 731.

Gaudry.—Resultats des nouvelles fouilles faites a Pikermi (Attique),

457.

. Lettre annoncant l'envoi de ces fossiles—Determination geo-

logique de la couche qui les recelait, 500, 502.

. Pieces apportees de Grece, 634, 780.

. Femur, humerus et autres os des membres d'un grand mani-
mifere suppose etre un Dinotherium, 802.

. Sur une machoire de Metarctus et de Leptodon provenant

du gisement fossilifere de Pikermi, 926.

Gervais.—Sur la presence du grand daim et du renne parmi les fos-

siles des environs de Montpellier, 684.

A. Edwards.—Sur les crustaces fossiles des sables de Beauchamp, 92.

Bordas.—Certains faits de paleontologie, 897.

Damour.—Sur les sources thermales et les fumeroles du cone de la

Soufriere (Guadaloupe), 561.

Prost.—Secousses ressenties a Nice du 3 au 12 juin 1860, 67.

Terreil.—De la presence du vanadium dans les argiles de Forges-

les-eaux et de Dreux, 94.

. Comptes Rendus de l'Acad. Sc. 1861. Prem. Semestre.

Yol. lii. Nos. 6-20.

Philadelphia Academy of Natural Sciences. Proceedings. 1861.

pp. 1-64.

"W. M. Gable.—American Cretaceous Brachiopoda, 18.

Photographic Society. Journal. Nos. 108-110. April-June, 1861.
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Puy, Annales de la Socie'te d'Agriculture, Sciences, Arts, et Com-
merce du. Vol. xxi., 1857-58. 1861.

Quarterly Journal of Microscopical Science. New Series. No. 1.

January 1861.

Eoyal Geographical Society. Proceedings. Vol. v. Nos. 1, 2.

J. Rae.—Fasroes and Iceland, 80.

J. W. Tayler.—Fiords of South Greenland, 90.

Eoyal Horticultural Society. Proceedings. Vol. i. Nos. 23-25.

April-June, 1861.

Royal Society of London. List of Fellows. 30th November, 1860.

. Proceedings. Vol. xi. No. 43.

. Philosophical Transactions. Vol. cxlix. Part I. 1859.

W. B. Carpenter.—Researches on Foraminifera, Part III. (Penero-
plis, Operculina, and j4vipliisti>(/ina), 1 (6 plates).

R. Owen.—Remains of a gigantic Land-lizard (Jtfegalania prised)

from Australia, 43 (2 plates).

. Vertebral Characters of the Pierosaun'a, 161 (plate).

. Fossil Mammals of Australia, Part I. Thylacolco carnifex, 309.
B. C. Brodie.—Atomic weight of Graphite, 249.

J. Tyndall.—Physical Phenomena of Glaciers, 261.

. Veined Structure of Glaciers, 279.

. Vol. cxlix. Part II. 1860.

J. II. Pratt.—Deflection of the Plumb-line in India, 745.

. Influence of the Ocean on the Plumb-line in India, 779.

R. Owen.—The Megatherium, Part V., 809 (5 plates).

. Vol. cli. Part I. 1860.

A. Matthiessen.—Specific Gravity of Alloys, 177.

Society for the Suppression of Mendicity. 43rd Report. 1861.

Society of Arts. Journal. Vol. ix. Nos. 437-449.

J. Milligan.—Tasmania, its Character, Products, and Resources, 377.

D. Campbell.—Economic History of Parafline, 393.

Consular Information (Mines of Honduras, Mexican Copper-inines,

Minerals of Siam), 549, 573.

Teign Naturalists' Field-club. Report of the Proceedings, 1860,

1861.

Vienna. Jahrbiicher der k.-k. Central-Anstalt fur Meteorologie und
Erdmagnctismus. Vol. vii. Jahrgang 1855. 1860.

. Sitzungsberichte d. k. Akad. d. "VVissensch., math.-naturw.

Classe. Vol. xlii. Nos. 22-28. 1861.

A. Schrauf.—Bestimmung der optischen Constanten krystallisirter

Korper, 107 ( plate).

F. Rolle.—Leber einige neue oder wenig gekannte Mollusken-Arten

aus Secundar-Ablagerungeu, 261 (plate).
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Vienna. Sitzungsberichte d. k. Akad. d. Wissensch. (continued).

W. Haidinger.—Die Mereoritenfalle von Quenggonk bei Bassein in

Pegu und Dliurmsala im Punjab, 801.

. Ueber das Meteoreisen von Tula, 507.

A. E. Reuss.—Beitrage zur Kenntniss der tertiaren Foraminiferen-

Fauna (die Foraminiferen des Crags von Antwerpen), 355 (2 plates).

Th. Wertbeim.—Analyse des Franz-Josepbs-Bades " Tuffer " in

Siid-Steiermark, 479.

G. Tschermak.—Analyse des Granates von Dobschau, 582.

E. Suess.—Ueber die secundaren Brachiopoden Portugals, 589 (plate).

Warwickshire Naturalists' and Archaeologists' Field-club. 1860.

P. B. Brodie.—Igneous Rocks of the South Staffordshire Coal-field, 5.

Geology of Bewdley, Trimpley, &c, 12.

Yorkshire Philosophical Society. Annual Report for 1860. 1861.

Zoological Society. Proceedings, 1860, Part III. 1861.

A. Newton.—Bones of Dodo from the Mauritius, 443.

II. PERIODICALS PURCHASED FOR THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Vol. vii.

Nos. 39-42. March-June 1861.

H. Seeley.—Red Limestone of Himstanton, 233.

. New Species of fossil Gasteropods from the Upper Greensand
of Cambridge, 281 (plate).

. New Fossil Echmoderns from Cambridge, 365.

M. Schultze.

—

Cornuspira and the Foraminifera, 306.

J. Phillips's ' Life on the Earth,' noticed, 399.

C. C. Blake.—Discovery of Macrauchenia in Bolivia, 441.

Edinburgh New PhilosophicalJournal. New Series. No. 26. Vol.xhi.

No. 2. April 1861.

W. J. Henwood.—Silver produced in Cornwall, 173.

W. S. Symonds. Railway-cuttings and Tunnels between Worcester
and Hereford, 204 (plate).

J. W. Dawson's ' Archaia,' noticed, 291.

T. Oldham.—Slate in India, 333.

Institut, 1'. Ire Section. Nos. 1420-1433.

. IP Section. Nos. 302-305.

Notices of Meetings of Scientific Societies, &c.

Leonhard und Bronn's Neues Jahrbuch fur Min., &c. Jahrg. 1861,
2tes Heft.

J. Noggerath.—Das Gediegen-Blei von Madera, 129.

Th. Scheerer.—Ueber die Krystall-Form des Gadolinits, 134 (plate).

A. Knop.—Ueber Pseudomorphosen einer pisolitischen Substanz nach
Cordierit aus dem Granit von Heidelberg, 142.

S. Suess.—Numerische Uebersicht der Klasse der Brachiopoden, 154.

Letters : Notices of Minerals, Geology, and Fossils.
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III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.

Annales Hydrographiques, recueil d'avis, instructions, documents
et memoires relatifs a 1'Hydrographie et a, la Navigation. Tome
16me, annee 1859, 1859; tome 17me, annee 1860, I860; tome
18me, annee 1860, 1860. From the Depot cle la Marine.

Annuaire des Marees des Cotes de France pour l'an 1861. Par A. M.
R. Chazallon etL. Gaussin. 1860. From the Depot de la Marine.

Barrande, J. Documents anciens et nouveaux sur la faune pri-

mordiale et le Systeme Taconique en Amerique. 1861.

, "W. Logan, and J. Hall. Correspondence on the Taconic

System and the age of the Eossils found in Northern New Eng-
land. 1861. From the Editors of Silliman's Journal.

Bell, T. Mineral Veins : an enquiry into their origin, founded on a

study of the Auriferous Quartz-veins of Australia. 1861.

Catalogue chronologique des Cartes, Plans, Vues de Cotes, Memoires,

Instructions Nautiques, &c. 1860. From the Depot de la Marine.

of the Philosophical Apparatus, Minerals, Geological Speci-

mens, &c. in the possession of Dr. Daubeny. 1861. From Dr.

Daubeny, F.G.S.

par ordre geographique des Cartes, Plans, Vues de Cotes,

Memoires, Instructions Nautiques, &c. 1860. From the Depot de

la Marine.

. Verzeichniss der Bibliothek und Eartensammlung des Pro-

fessors Eitters, &c. Dr. C. Eitter in Berlin. II. Theil : Land-
kartensammlung. 1861. From the Publishers.

Catalogues of the Natural History Collections in the British Museum.
From the Trustees of the British Museum.

List of Osteological Specimens. 1847, 12mo.
Catalogue of Mammalia. Part 1. Cetacea. 1850, 12mo. (plates).

. Part 2. Seals. 1850. 12mo. (woodcuts).

. Part 3. TJngulata Furcipeda. 1852. 12mo.

List of Mammalia. 1843. 12mo. (plates).

and Birds of Nepal, presented by B. H. Hodgson, Esq. 184(3. 12mo.
Catalogue of Mammalia and Birds of New Guinea. 1859. 8vo.

of the Birds of the Tropical Islands of the Pacific. 1859. 8vo.

of the Genera and Subgenera of Birds. 1855. 12mo.

List of Birds. Part 1. Accipitres. 2nd edition. 1848. 12mo.
. Part 2. Passeres. Sect. 1. Fissirostres. 1848. 12mo.
. Part 3. Sect. 1. Ramphastidae. 1855. 12mo.—Sect. 2. PsittacicUs.

1859. 12mo.
. Part 4. Columba?. 1856. 12mo.

Catalogue of Shield Eeptiles. Part 1. Testudinata (Tortoises) (with plates).

1855. 4to.

ofKeptiles. Part 1. Tortoises, &c. 1844. 12mo.
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Catalogues of the Natural History Collections in the British Museum
(continued).

Catalogue of Reptiles. Part 2. Lizards. 1845. 12rno.

. PartS. Snakes. 1849. 12mo.
of Colubrine Snakes. 1858. 12mo.
of Amphibia. Part 2. Patrachia Gradientia, &c. 1850. 12mo.

(plates).

of Patrachia Salientia. 1858. 8vo. (plates).

List of Fish. Part 1. Chondropterygii. 1851. 12mo. (plates).

Catalogue of Fish, collected and described by L. T. Gronow. 1854. 12mo.
of Lophobranchiate Fish. 1856. 12mo. (plates).

of Apodal Fish. 1856, 8vo. (plates).

of Acanthopterygian Fishes. Vol. i., 1859, 8vo. ; Vol. ii., 1860, 8vo.

of Lepidopterous Insects. Parti. Papilionidte, &c. 1856. 12mo.
. Part 2. Erycinidas, &c. 1847. 12mo.
. Part 3. Appendix to Papilionidce, Erycinidce, &c. 1848. 12mo.
. Part 1. Papilionidse. 1852. 4to. (coloured plates).

List of Lepidopterous Insects. Parts 1 to 7. Lepidoptera Heterocera.

1854-1856. 12rno.

. Part 8. Sphingidse. Parts 9 to 15. Noctuidee. 1856-1858. 12nio.

. Part 16. Deltoides. 1858. 12mo.

. Parts 17 to 19. Pyralides. 1859. 12mo.

. Parts 20, 21. Geometrites. 1860. 12mo.
of Hymenopterous Insects. Parti. Chalcididse. 1846. 12mo.

. Part 2. Additions to Chalcididaj. 1848. 12mo.
Catalogue of Hymenopterous Insects. Part 1. Andremdas and Apidae.

1853. 12mo. (plates).

. Part 2. Apidjs. 1853. 12mo. (plates).

. Part 3. Mutillidaj and Pompilidse. 1855. 12mo. (plates).

. Part 4. Sphegidse, &e. 1856. 12mo. (plates).

. Part 5. Vespidas. 1857. 12mo. (plates).—— . Part 6. Formicidce. 1858. 12mo. (plates).

. Part 7. Dorylidse and Thynnidss. 1859. 12mo. (plates).

List of Dipterous Insects. Parts 1 to 4. 1848-1849. 12mo.
. Part 5. Supplement I. 1854. 12mo.
. Part 6. Supplement II. 1854. 12mo. (woodcuts).

-r-^. Part 7. Supplement III. 1854. 12mo.
Catalogue of Halticidse. Part 1. Physapodes and CEdipodes. 1860. 8vo.

List of Homopterous Insects. Parti. 1850. 12mo.
-— . Part 2. 1850. 12mo.

. Part 3. 1851. 12mo.

. Part 4. 1852. 12mo. (plates),

. Supplement. 1858. 12mo.

. Hemipterous Insects. Part 1. 1851. 12rno. (plates).

. Part 2. 1852. 12mo. (plates).

Catalogue of Orthopterous Insects. Part 1. Phasmidee. 1859. 4to. (plates).

Nomenclature of Coleopterous Insects. Part 1. Cetoniadse. 1847. 12mo.
. Part 2. Hydrocanthari. 1847. 12mo.
. Part 3. Puprestidse. 1848. 12mo.
. Part 4. Cleridaj. 1849. 12mo.

•
. Part 6. Passalidse. 1852. 12mo. (plates).

Catalogue of Coleopterous Insects. Part 7. Longicornia, I. 1853. 12mo.
(plates).

. Part 8. Longicornia, II. 1855. 12mo. (plates).

. Part 9. Cassididse. 1856. 12mo.
Catalogue of the Coleopterous Insects of Madeira. 1857. 8vo.

List of the Coleopterous Insects. Parti. Cucujidte, &c. 1851. 12mo.
Catalogue of Hispidse. 1858. 8to. (plates).

List of Crustacea. 1847. 12mo.
Catalogue of Crustacea. Part 1. Leucosiadas. 1855. 12mo.
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Catalogues of the Natural History Collections in the British Museum
(continued).

Catalogue of Myriapoda. Parti. Chilopoda, 1856. 12mo.
List of Myriapoda. 1844. 12mo.
Catalogue of Neuropterous Insects. Parti. Phryganides—Perlides. 1852.

12mo.
. Part 2. Sialidse—Nernoptrides. 1853. 12nio.

. Part 3. Termitidffi, &c. 1853. 12mo.

. Part 4. Odonata, 1853. 12ino.

Catalogue of Neuropterous Insects. Part 1. Termitina. 1858. 12mo.
Guide to the Systematic Distribution of the Mollusca. Parti. 1857. 8vo.

Catalogue of the Collection of Mazatlan Shells. 1857. 12mo.
of Mollusca. Part 1. Cephalopoda Antepedia. 1849. 12mo.

. Part 2. Pteropoda. 1850. 12mo.

. Part 4. Brachiopoda Ancylopoda. 1853. 12mo. (woodcuts).

List of Mollusca. Part 1. Volutidse. 1855. 12mo.
Catalogue of Bivalve Mollusca. Part 1. Placentadse and Anoiniadae,

1850. 12mo.
of Conchifera. Part 1. Venerida?, Cypriniche, and Glauconomidse.

1853. 12mo.
. Part 2. Peti'icoladas (concluded), Corbiculache. 1854. 12mo.

Nomenclature of Molluscous Animals and Shells. Part 1. Cyclophoridas.

1850. 12mo.
List of Mollu sea and Shells, collected, &c., by MM. Eydoux and Souleyet.

1855. 12mo.
List of Shells of the Canaries. 1854. 12mo.

of Cuba. 1854. 12mo.
of South America. 1854. 12mo.

Catalogue of Phaneropneumona. 1852. 12mo.
of Pulmonata. Part 1. 1855. 12mo. (woodcuts).

of Auriculida?, Proserpinidaj, and Truncatellidoe. 1857- 12mo.
of Entozoa. 1853. 12mo. (plates).

List of British Animals. Part 1. Radiata. 1848. 12mo.
. Part 2. Sponges. 1848. 12mo.
. Part 3. Birds. 1850. 12mo.
. Part 4. Crustacea. 1850. 12mo.
. Part 5. Lepidoptera. 1856. 12mo.
. Part 6. Hymenoptera Aeuleata. 1851. 12mo.
. Part 7. Mollusca Acephala, and Brachiopoda. 1851. 12mo.
. Part 8. Fish. 1851. 12mo.
. Part 9. Eggs of British Birds. 1852. 12mo.
. Part 10. Lepidoptera (continued). 1852. 12mo.
. Part 11. Auoplura. 1853. 12mo.
. Part 12. Lepidoptera (continued). 1852. 12mo.
. Pai't 13. Nomenclature of Hynienoptera. 1853. 12mo.
. Part 14. Nomenclature of Neuroptera. 1853. 12ino.

. Part 15. Nomenclature of Diptera, I. 1853. 12mo.

. Part 16. Lepidoptera (completed). 1854. 12mo.

. Part 17. Nomenclature of Anoplura, &c. 1855. 12mo.
Catalogue of British Hymenoptera. Part 1. Apidae. 1855. 12mo. (plates).

of Fossorial Hymenoptera, Fonnicida? and Vespida?. 1858. 12mo.
(plates).

. Iclmeumonid.T. 1856. 12mo.
List of British Curculionida?. 1856. 12ino.

Catalogue of Recent Ecliinida. Part 1. Echinida Irregularia. 1855.
12mo. (plates).

. Marine Polyzoa. Part 1. Cheilostomata (/>a^). 1852. 12mo. (plates).

. Part 2. Cheilostomata (part). 1854. 12mo. (plates).

List of British Diatomaceat. 1859. 12mo.
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Dawson, J. W. Notes oa the Geology of Murray Bay, Lower St.

Lawrence. 1860.

. Oa the Pre-Carboaiferoas Flora of New Brunswick, Maine,

and Eastern Canada. 1861.

Belesse, A. De l'azote et dcs matieres organiqnos dans Pecorce

terrestre. 1861.

Beshayes, G. P. Analyse du travail de M. Edouard Suess sur les

Brachiopodes de la Collection de Yienne. 1861.

. Description des animaux sans vertebres decoaverts dans le

bassin de Paris, &e. Livr. 17-22. 1858.

Beslongchamps, E. Memoire sur de aombreux ossements de mammi-
feres fossiles de la periode geologiqne ditc diluvienne, trouves aux
environs de Caen. 1861.

Enys, J. S. On the jointed Structure of Rocks, as seen from a quarry-

man's point of view, and its relation to three varieties of cleavage,

viz. slaty, deposit, and granitic. 1859.

Fournet, J. Apercus sur la structure du Jura septentrional. 1861.

Gastaldi, B. Frammenti di geologia del Piemonte. Sugli elementi

che compongono i coaglomerati mioceni del Piemonte. 1861.

. Sa alcane ossa di mammiferi fossili del Piemonte. 1860.

Gemmellaro, C. Ulteriori considerazioni sal basalto : appeadice

alia valcaaologia dell' Etaa. 1860.

Gras, A. le. Positioa de qaelqaes ecaeils daas la mer de corail.

1860. From the Bepot de la Marine.

. Renseignements Hydrographiqaes sar les iles Bashee, les iles

Formose et Loa-Tchou, la Coree, la mer da Japoa, et la mer
d'Okhotsh. 1860. From the Bepot de la Marine.

Hall, J. Descriptioas of New Species of Criaoidea, from iavesti-

gatioas of the Iowa Geological Sarvey. 1861.

Hebert, E. Da terraia jarassiqae saperiear sar les cotes de la

Maache. 1860.

. Notice sar les Aaaales de la Societe d'Agricalture, Scieaces,

Arts et Commerce da Pay. Tome xx., 1855-56. 1860.

. Note sar les Trigonies clavellees de l'Oxford-clay et du Coral-

rag. Suivie de la description des fossiles du corallien superieur

de Glos, par le Dr. Littel et Em. Goubert. 1861.

. Note sur le travertin de Champigny et sur les couches entre

lesquelles il est compris. 1860.

•
. Queiques remarques sur la mer jurassique et les theories

imaginees pour rendre compte de ses deplacements. 1861.
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Hebert, E. Beponse a la note de M. Ch. d'Orbigny, intitulee :
" Sur

l'age veritable des poudingues de Nemours et des sables coquilliers

d'Ormoy." 1860.

Helloco, C. de. Instructions nautiques sur les traversers d'aller et

de retour de la Manche a Java. 1861. From the Depot de la

Marine.

Helmersen, G. v. Die geologisebe Beschaffenheit des untern Naro-
vatbals und die Yersandung der JSTarovamiindung. 1860.

. Die in Angriff genommenen Steinkohlenlager des Gouverne-
ments Tula. 1860.

Kenwood, W. J. Notes on the Silver produced in Cornwall. 1861.

Horsburgh, J. Instructions nautiques sur les mers de l'lnde. Tra-

duites de l'anglais en 1857, par M. le Predour. 3e
edit. Tome

troisieme (2
e partie). 1860. From the Depot de la Marine.

Keller. Notice sur la carte des environs de Cherbourg. 1861.

From the Depot de la Marine.

Keralio, de. Histoire naturelle des glaciers de Suisse. Traduction

libre de l'allemand de M. Grouner. 1770. From Prof. J. Tennant,

F.G.S.

Longman, W. Suggestions for the Exploration of Iceland. 1861.

Lyons. Besume des observations recueillees en 1860, dans le bassin

de la Saone, par les soins de la Commission Hydrometrique de

Lyon, 17e annee. 1860. From the Hydrometrical Commission

of Lyons.

Mer du Nord. 3e Partie. Cotes est d'Angleterre. Traduction par

A. le Gras. 1860. From the Depot de la Marine.

Montigny, C. Sur des debris d'animaux fossiles trouves pres de

Nivelles. Lettre h M. A. Quetelet. 1860.

Mortillet, G. de. Carte des anciens glaciers du versant italien des

Alpes. 1860.

Newberry, J. S. The Eock-oils of Ohio. 1859.

Oppel, A. Ueber die weissen und rothen Kalke von Vils im Tyrol.

1861.
«

Ordway, A. On the supposed identity of the Paradoxkles Earlani

(Green), with the Paradoxkles spinosus (Boeck). 1861.

Papers relative to the Exploration by Captain Palliser of that portion

of British North America which lies between the Northern Branch
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GEOLOGICAL MEMOIRS.

On the Succession of the Mammalian Faun^ in the Tertiary Basin

of Vienna. By Prof. E. Suess.

[Proceed. Imp. Acad. Vienna, vol. xxxix. 1860, p. 151, &c]

The later Tertiaries of the Vienna Basin have experienced so few

considerable disturbances that a geologist may easily trace the chief

strata filling up this basin, as they follow its margin in concentric

zones, with scarcely any interruption. Marine deposits, dipping from

every side of the extreme margin beneath the more recent central

deposits, are those of most ancient date, although they generally

crop out on the highest points of absolute level. These strata in-

clude innumerable remains of Mollusca, Crustacea, Zoophyta, and

Foraminifera, described by MM. D'Orbigny, Beuss, and Homes, and
imbedded in layers of sand, rolled pebbles, limestone, marls, or

plastic clay. Great local variety, both in petrographical and palason-

tological respect, is conspicuous in these strata, although special

researches, continued through years, prove beyond doubt that nearly

all of them (Sands of Neudorf, Leitha-limestone of Steinabrunn,

'Tegel' of Baden and Voslau, <fec.) have been contemporaneously

deposited on the bottom of one and the same sea,—their differences

not being more striking than those at present occurring in different

sea-zones ; for instance, of the Mediterranean.

The littoral zone ascends the slope of the hills, marking the an-

cient shores, to a level of 1300 feet. At this time, the Vienna region

had its greatest depth beneath the level of the sea ; and, in con-

sequence, the communication between the Tertiary seas of Europe
was more open than at any other period : no wonder, therefore, that

under favourable climatal circumstances so many species could

wander thither from their distant habitats. The occurrence there of

forms bearing a Mediterranean or Indian type is a well-known fact.

Dr. Homes, in his splendid work on the fossil Mollusca of the

Vienna basin, also describes species reminding us of those at present

living in the West-African seas, such as Cypraia sanguinolenta, Buc-
cinum lyratum, Olivajlammulata, <fcc.

M. Laurent, in his report on the boring of Artesian "VVells in the

VOL. XVII. PART II. B
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Sahara*, has remarked, that the portion of this desert lying to the

south of the French possessions bears decidedly the character of an
ancient gulf, formerly connected with the Mediterranean, in the

environs of Gabes. Littoral terraces (the last and most conspicuous

of them called " Coudiat el Dohor ") exhibit a continuous series of

" Falaises," nearly parallel to the original northern outlines of the

basin, indicating the successive level of the waters and their gra-

dual diminution. Cardium edule, imbedded in sand identical with
the sand on the present Mediterranean shores, abounds on the sur-

face in certain places, apparently indicative of shore-lines recently

laid dry ; the retreat of the waters having proceeded from the "West-

ern Sahara (500-600 metres above the present sea-level) to the east-

ern portion of the desert (now 86 metres beneath this level in the

Schott Melr'ir). Several naturalists have observed Cardium edule

still living in ponds within the desert, and Cyprcea Moneta had been
asserted to have been taken in the upper course of the Niger f. A
wide plain south of the Aures Mountains is covered with deposits

characterized as littoral by the presence of Cardium edide and an

abundance of rolled pebbles. This occurs in a desert, the level of

which is not unfrequently lower than that of the nearest sea. M.
BuviyJ gives to the Melr'ir a higher level than M. Laurent does,

and indicates the Schott-es-Selam, to the east of it, as the maximum
of depression (— 85 metres) ; at the same time mentioning the occur-

rence between El Faid and the Oasis Mraie'r of depressions of —41,

— 76, —35, —28, and —20 metres; the ground rising again south-

ward in the direction of Tuggurt.

The facts stated by Caillie, and the lately published results of

M. Panet's § explorations, make it probable that analogous traces of

comparatively recent marine formation may be followed as far as the

Atlantic coast. No hypsometrical measurements of these regions are

known at present ; the constitution of the desert, however, and the

local impregnation of its soil with sea-salt may give some indica-

tions in this respect. M. Panet speaks of organic remains and ac-

cumulations of broken shells between alternating layers of salt and

red clay as occurring in the " Great Sebcha," an extensive region

abounding in salt and spreading to the S.W. along the western slope

of the Idjil Eange in the district of Aderer. It is to be hoped that

enterprising travellers may soon procure us a more detailed know-
ledge of the traces of this line of communication, so important for

the study of geological geography, as joining the present Mediterra-

nean exactly south of the point where the submarine ridge, running

from south-western Sicily to Tunis, manifests conspicuously its in-

fluence on the distribution of marine animals.

It is a fact worth attention, that extensive sea-shores, rising very

slowly, are generally covered exclusively with sand, rolled pebbles,

* Bulletin de la Societe Geologique de France, 1857, toI. xiv. p. CI 5.

•f See Aucapitaine in Guerni-Meneville's Eevue et Magasin de Zoologie, 1859,

p. 237.

\ See Zeitschrift fur d. allgemeine Erdkunde, 1858, iv. p. 298.

§ Petermanu's Greograpk. Mittkeilungen, lb59, p. 101.
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and remains of strictly littoral shells. An instance of this fact, on
nearly as large a scale, is offered by the great terraced plains de-

scribed by Darwin* as extending from the Eio Colorado to Magel-
haen's Straits, and overstrewed with sand, rolled pebbles, and re-

mains of shells identical with littoral species of the present age.

This first period of a communication opened to a marine fanna of

prevailing southern (especially Mediterranean) character was fol-

lowed by an upheaval (proceeding chiefly from west to east), and,

consequently, a restriction of the water-surface. Prior to this up-
heaval, a line of Jurassic shoalsf (girded and partly overlain by
reefs of Nullvporce), commencing near the northern margin of the

great fault which cuts the outer secondary zones of the Alps near

Vienna, ran S.W". to N.E. nearly through the middle of the Tertiary

sea at this time occupying the basin : subsequently the whole $xea

west of these shoals was laid dry. The water-surface of the Vienna
basin was then reduced to about half of its former extent, its highest

level not generally rising above 800 feet. This is the epoch of the

Cerithian strata.

The palseontological independence of these deposits, as stated by
Dr. Homes, is a fact of the highest importance for the true know-
ledge of the Vienna basin. Cephalopods, Brachiopods, Bryozoans,

Crustaceans, Eehinoderms, and Corals have totally, and Foraminifers

almost totally, disappeared in these strata. The marine fauna is

notably diminished in consequence of the broken communications
with southern seas ; and it bears a decidedly East-European cha-

racter. This same fauna continued to coexist in Hungary with the

trachytic eruptions.

Another general upheaval further limited the extent of the water-

area, and was followed by brackish and freshwater deposits with
Melanopsis, Cardium, and Congeria. The basin being now nearly

completely isolated, the fauna became quite different from the pre-

ceding one, and the level of the deposits was again lowered. The
Tertiaries immediately following these " Congerian Strata " are of

fluviatile origin.

It may be considered as a fact beyond all doubt, that during this

period the aquatic fauna of the Vienna basin underwent several con-

secutive isolations, considerable enough to have repeatedly caused the

extinction of genera and species. Having been persuaded of this

some years ago, I began to follow the traces of the terrestrial animals
known to occur in these groups of strata, as I supposed them to be
altered by climatal circumstances or by the occlusion and re-opening
of communication with other zoological provinces. M. H. von Meyer's
well-known researches on the fossil Mammalia from the environs of

Vienna have been the bases of my investigation. My honoured friend

Prof. C. von Ettingshausen has kindly completed them, by reviewing
his researches on the Tertiary Flora of Vienna, and by tracing the
distinctive characters of several local floras within this region.

The remains of the first terrestrial fauna here must be sought for

* Journal of Kesearcb.es, &c, pp. 201-207 :
" On South America," chaps, i. ii.

t For instance, near Ernstbriinn, Staats, Falkenstein, and the hills near Pohlau.

B 2
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in the marine deposits, especially within the rTullipore-banks of the

oldest tertiary coasts. Undoubtedly many of the large Herbivora of

this epoch may (after they had perished) have been carried by the

water into the then existing bays, and buried there amid littoral

deposits. They are found upon the shores of islets (Leitha Mountains

and Central Moravia), certainly of too limited an extent for the

existence of such colossal creatures. A Dinotherium, an extremely

rare species of Mastodon (of the family Trilophodontes), a large Rhi-
noceros (similar to the Rh. megarhinus of Montpellier, but probably

of a distinct species), Listriodon splendens, H. v. M., a smaller car-

nivorous animal (of the family Canidce), the very doubtful PsepTio-

pliorus, and a small species of Cervus may have existed at this time,

especially on the continent west of the bay. Helix turonica lived on

the sea-shore, especially near Grand. The freshwater shells locally

transported amidst marine deposits are different from those of a

subsequent period. The terrestrial vegetation of this period, as known
at present, consists of remains of drifted wood (Fegonium, Thujoxylon,

Peuce, and Haveria*), and of the strobili of Pinites Partschi (Ett.),

imbedded in layers in the Leitha-limestone of Mauer, near Vienna.

The fauna just described corresponds, as I have previously remarkedf,

to the fauna of Simorre in France, characterized by Listriodon splen-

dens and the Mastodon (if identical in species).

The Cerithian strata, although laid open by extensive quarries, have,

as far as I know, never shown the least trace of terrestrial Mamma-
lian remains, neither in their arenaceous nor in their calcareous or

argillaceous strata. The blue " Tegel " of Hernals and Nussdorf,

lately described by me as a deposit formed at a river's mouth j, con-

tains very complete remains of Seals and Dolphins, fluviatile and
paludine Turtles, together with marine Fishes and plenty of land-

plants
;
but, notwithstanding researches continued through years, I

never succeeded in tracing in them the evidence of any terrestrial

animal. The flora of Hernals, considered by Prof. C. von Ettings-

hausen to be " nearly related to the floras of Parschlug and Tokaj,

and therefore of decidedly Miocene character," comprises, among
other forms, a Protacea, a Laurinea, and a new species of Arancaria.

Recent investigations in the neighbourhood of Lauretta, Purboch, and

Breitenbrunn have, however, shown that the marine marginal deposits

of this district can scarcely be separated from those of the Cerithian

period ; the two are in many instances exposed in the same quarry.

Possibly some few of the terrestrial animals enumerated above among
those of the "first fauna" may rather belong to the Cerithian

period.

The Congerian strata ("Tegel" of Inzersdorf) provide abundant

facts for the study of the contemporaneous terrestrial fauna, charac-

* Unger, Trans. Imp. Acad. Vienna, vol. xir.
;
Beitrage zur nakern Kenntniss

dcs Leithakalkes.

t Imp. G-eol. Inst. Vienna Annals, in the "Keports of Meetings" for 1858

and 1859.

% Vienna Acad. Proc. vol. xsxvii. p. G73 ;
Steindachner, " Beitrage zur Kenntniss

d. loss. Fische Oesterr."
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terized by Dinotherium giganteum, Mastodon longirostris, Rhinoceros

Schleiermacheri, Acerotlierium incisivum, and Hippotherium gracile
;

in short, nearly all the species known to constitute the fauna of Ep-
pelsheim. Acerotlierium incisivum and Hippotherium gracile seem to

nave numerically prevailed. Wot one species is identical with any of

the " marine group," only the Dinotherium is still subject to some

doubts in this respect. This is the " second fauna " of terrestrial

Mammalia. The contemporaneous flora is, according to Prof. C. von

Ettingshausen, richer in species than any other in the Vienna basin.

Thirty of these species have been described*. The whole flora re-

minds one of that of Bilin ; and is somewhat posterior in age to that

of Parschlug.

The "Tegel" with Congeria and Melanopsis is locally over-

lain by beds of white quartz-pebbles with external rust-coloured

tinge, imbedding here and there layers of fine sand. This deposit

(" Belvedere Gravel ") is of fluviatile origin. The whole of the Mam-
mals in the " Tegel " of Inzersdorf appear again in it, together with

Sus pcdceochcerus, known to occur at Eppelsheim. The nature of the

strata was less favourable to the preservation of the terrestrial flora

than the clay ; silicified stems, however, of Coniferce, and fruits and
peduncles of a Steinhauera (Ett.), are not of rare occurrence. A
Valvata and a Helix are the only mollusca known at present to occur

in these gravels. Notwithstanding the petrographical differences,

the mammalian fauna of the " Belvedere Gravels " and the lacustrine

plastic clay of Inzersdorf remained identical. The lacustrine molluscan

fauna alone became extinct. The flora does not offer sufficient ma-
terials for comparison.

The deposits just mentioned are overlain, to my knowledge, by
two fossilrferous strata of doubtful contemporaneity, merely local and
restricted in their extent. The first of them is a clay, found by M.
Kapper, at the Eichkogel, near Modling (S. of Vienna) f. It con-

tains vegetable remains, which have been referred by Prof. C. von
Ettingshausen to the youngest tertiary flora, characterized by the

presence of Salix angusta, Glgptostrohus Oeningensis, and Juglans

latifolia
;
possessing these species in common with the flora of Oenin-

gen in Bavaria.

The other of these deposits is a bed of fluviatile rolled pebbles,

differing from those of the " Belvedere Gravel " by being less in size

and derived from divers Alpine rocks. No remains of the " Second
Mammalian Eauna" have occurred among them. In one case they
have been found to include a molar different from that of Elephas
primigenius (probably of El. meridionalis). To these strata may
likewise belong a tooth of Hippopotamus, preserved in the Imperial

Museum of Vienna, and hitherto the only remains of this genus known
to have been found within the Vienna basin. These remains may
be indicative of a " Third Mammalian Eauna " possibly analogous to

that which has recently been called " Pliocene Eauna " (Val d'Arno).

As far as I know, this stratum has been stated to occur only within

* Ettingshausen, in Vienna Geol. Inst. Trans., "Die fossile Flora von Wien."

f Annals of the Vienna Geol. Inst. 1859, p. 25.
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the immediate vicinity of Vienna itself, in the suburbs of Landstrasse

and Reinprechtsdorf ; nor can its palaeontological independence be
asserted yet with certainty.

The uppermost deposit is loam (Loess), with subordinate and oc-

casionally considerable layers of fluviatile rolled pebbles. In this we
find the representatives of the " Fourth Mammalian Fauna " (Elephas

primigenius,Rliinoceros tichorhhms, Ursus spelceus,Hyaena spelcea,&c).

Analogous as the molluscan fauna of this loam is to that of the pre-

sent times, certain species (Helix pomatia, H. Austriaca, H. verti-

cillus, and H. ericetorum) are absolutely wanting in it ; and by this

negative character the " Loess " may be conveniently distinguished

from the loam of less ancient date, frequently covering the lowest

portion of our valleys. This " Fourth Fauna " is generally considered

to be post-tertiary. Before its appearance a small portion of the

Vienna basin had been again invaded by sea-water ; and perhaps our

present mammalian fauna may hold the fifth place in the whole series.

It is a fact that several hundreds of the marine species of the

Vienna basin coeval with the " First Mammalian Fauna " are still

existing, chiefly in the Mediterranean, while the mammalian fauna

has undergone three or four changes.

The more I recall to memory these chief results of several years'

investigations, the more I see how each group of terrestrial or aquatic

animals is imbedded in strata different in petrographical character, in

extension, and in level, every one keeping up its independence, while

the terrestrial mammals offer in some degree representatives of the

precedent and subsequent faunae. The more I attend to change of

coast-line, the transition of marine to brackish, lacustrine, and finally

fluviatile deposits, and the changes in the course of rivers, manifested

by the diversity of the gravels, the less I feel the necessity of adopt-

ing an hypothesis as bold as is that of a " Species-life " (Artleben).

The repeated extinction of these organized beings appears to me
rather as a necessary consequence of the change of external condi-

tions, as they may be traced in the present case. Within the Vienna

basin, cominuak-ation has prevailed with respect to terrestrial animals,

and isolation as far as aquatic animals were concerned.

The terrestrial flora has equally undergone more than one change

;

and possibly the repeated extinction of mammals may have been a

merely secondary fact, connected with these changes of vegetation.

Among others, the fossil fauna of Pikermi, near Athens, entitles

us to suppose that at least one or the other of the above-mentioned

mammalian faunae was not spread uniformly over the whole surface

of Europe, as it exists at the present time. [E. S.]

On Peat and Beown-coae. By Professor Pokoeny.

[Proceed. Imp. Geol. Instit. Vienna, April 17, I860.]

Peof. Pokoexy has lately visited the principal Peat-bogs of the

Austrian Empire, and published the results obtained by him in the

'Transactions' of the Vienna Zoologico-Botanical Society, in whose
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Museum he deposited a collection of 130 specimens of Peat. The
varieties of this substance may be distributed into four groups :

—

(1.) Vegetables in progress towards their conversion into peat;

(2.) Peat in its proper sense ; (3.) Carboniferous resinous substances

;

(4.) Half-peats. To the first group belong the isolated patches of

Careca stricta, rising above the level of the surrounding moors, and

which in Hungary are known under the name of " Zsombek," the

thin layers of peat covered with moss, grass, or rushes, and the

fragments of wood included in peat. To the second group belong

the moors of the plains overlying inorganic strata, and impregnated

with earthy and saline particles by the waters irrigating them, and

the mountain-moors, or high moors overlying—sometimes at a con-

siderable depth—the detritus of forest-, heath-, or moor-vegetation,

and irrigated by water free from inorganic substances. The plain-

or rush-moors produce brown, fibrous, or amorphous peat, of dry

consistence, and, on their surface, a variety (meadow- or pitch-turf)

of darker colour and more compact structure, but more mixed with

other substances. The peat of mountain-moors is purer ; its specific

weight (not compressed) varies between 0-5 and 08 ; and it is espe-

cially adapted for the heating of boilers and for metallurgical pur-

poses. An earthy variety from Zips (N. Hungary) bears great re-

semblance to the " Umbra" of Cologne. The " Dopplerite" of Aussee

(Styria) and analogous substances from the peat-bogs of Switzerland

and Berchtesgaclen, described by MM. Deicke and Giimbel, consti-

tute the third group. The half-peats (fourth group) are mixed with

notable proportions of inorganic substances, and, although capable

of slow combustion, cannot be ranked among peats if this portion

amounts to 30-50 per cent. [Count M.]

On the Geology of Western Galicia. By M. Foetterle.

[Proceed. Imp. G-eol. Instit. Vienna, April 24, I860.]

Lower Secondary deposits, connected on the W. and E. with those

of Hungary (Red Sandstone, Triassic Dolomite, Kossen and Adneth
strata), appear only on the northern slope of the Tatra mountain-
group, resting on granite and partly overlain by Nummulitic lime-

stoue and menilite-slate. A powerful range of Triassic limestone

runs northward of the Carpathians from Rozagnik to Innwald,
stretching E, and W. into Hungary; it is associated with Liassic

and Neoeomian marls.

The Neocomian beds (Hoheneger's "Teschen Slates") extend W.
and E. from Biala (Silesia) to Tarnow (Galicia), and S. of Biala in

the same degree of development. The Carpathian Sandstone pre-

vails within the region in question. The lowermost, non-fossili-

ferous, strata are Cretaceous. A Eucoid with a spiral axis, like

Fucoides Brianteus, and common to the Gosau-marls and to the Eu-
coid-marls near Yienna, occurs in this sandstone near Neumarkt.
The upper Nummulitic (consequently Eocene) strata of the Car-

pathian Sandstone are far spread about Saypath, Tordanow, between
Neumarkt and the Tatra ; they are overlain by a thick mass of
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sandstones, alternating in their basal portion with black slates, con-

taining (like the menilite-slates of the uppermost Eocene) fragments
of Lepidopides leptospondylus, Heck., Meletta longimana, Heck., &c.

They occupy the valleys and depressions, and are highly impregnated
with bitumen, which is exploited as naphtha in several localities.

The overlying coarse-grained sandstones, extending south-eastward

to Eastern Galicia and Bukowina, occupy the higher horizons. The
greater portion of the argillaceous iron-ores worked in Eastern
Galicia are connected with the above-mentioned black slates. Upper
Eocene Tertiaries, abundant in salt, gypsum, and sulphur, are con-

fined to a narrow band along the northern extreme edge of the

Tatra, and generally disappear beneath a great deposit of loam
(Loss). Eruptive rocks (trachyte and diorite) appear on a small

scale in some few isolated localities. [Count M.]

On Piddingtonite, and a Meteorite from East India.

By Director W. Haidinger.

[Proceed. Vienna Imp. Acad. Sciences, June 8, I860.]

A collection of Indian Meteorites that came into the possession of

the Imperial Museum ofVienna (in June, 1860), by way of exchange,

through the good offices of Messrs. Oldham and Atkinson, contains

specimens from Allahabad (Eutteh-poor, Nov. 30th, 1822), Shalka

(Nov. 30th, 1850), Segowlee (March 6th, 1853), Assam (1846,

found by the late Mr. Piddington), Pegu (brought by Mr. Oldham
from Ava), and a fragment of the still problematic lumps of iron,

weighing 156 lbs., found on the Kurrak-poor Hills, near Monghin,
on the banks of the Ganges. The first specimen examined (from

Shalka, 1850) has proved to be nearly entirely composed of a non-

descript mineral substance, which Director Haidinger has named
" Piddingtonite," in honour of the late Mr. Piddington, Curator

of the Calcutta Museum of Practical Geology, known to the scientific

world by his able researches on Cyclones, and to whose exertions we
are indebted for the preservation of the still extant fragments of

this originally very large Meteorite, and for its first scientific inves-

tigation in the ' Journal of the Asiatic Society of Bengal ' (vol. xx.

1852). Piddingtonite is of ash-grey colour, more or less fine-

grained, very fragile, although of considerable hardness (6-5 Mohs,

or between felspar and quartz), more or less translucid, of oil-like

brightness, imperfectly cleavable in two directions intersecting at

angles of about 80° and 100°, and without magnetic action.

The whole meteorite is of a breccia-like aspect, interspersed with

minute grains and incomplete crystals of black chromate of iron ; its

crust is dark-brown, and nearly opaque. About 9 lbs. weight was

saved for the Calcutta Museum, the rest having been taken by the

people of the surrounding country. The fall, with the usual phe-

nomena of light and detonations, took place three hours before sun-

rise, in a clear starry sky : the stone coming down in a direction

of S. to NV, and under an elevation of 80°, penetrated 3 feet deep

into the soft ground of a rice-field. When dug out next morning,
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it was quite cool ; the surrounding ground, however, had evidently

heen altered by the action of heat. The original size could not be

perfectly ascertained ;
certainly the breadth and length of the stone

were not less than one foot ; its height was probably still more

:

fragments were found at 3 feet depth, and others were scattered

on the surface within 20 feet circumference. [Count M.]

On the Meteoric Iron from Nebraska. By Director W. Haidinger.

[Proceed. Vienna Imp. Acad. Sciences, December 13, I860.]

A fragment of a specimen of this iron preserved in the Museum of

St. Louis (U.S.), arrived at Vienna (as promised by Mr. Nath.

Holmes, Secretary of the St. Louis Academy) on October 30, 1860,

by the care of the Smithsonian Institution. The fragment, weigh-
ing 1 lb. 4^- ounces, was cut in two pieces parallel to its longi-

tudinal axis, and the cut faces were polished. One of these pieces,

2i- inches in length, 2 inches in breadth, and 10 lines thick where
it is thickest, shows on one side the original surface, nearly even,

with very shallow depressions confined by rounded edges, and with
some trace of the dark-brown crust still preserved in the con-

cavities. The weight of this piece is 8T
9
¥ ounces. The plane of the

cutting shows strings of whitish colour indicative of crystalline

structure (" Widmannstetten's figures ")
;
and, by a lucky chance,

the direction of the cut fell nearly parallel to the plane of an
octahedron. The " stripes " intersecting, at angles of 60° and 120°,

the triangular and rhombic " intermediate arese " between " pro-

jecting borders" of Schreibersite are conspicuous over the whole
surface, after having been submitted to the etching-process, and
keep a constant and perfectly parallel disposition. It cannot,

therefore, be doubted that this iron went through a process of

crystallization during a period as yet immeasurable.

The cleavage or lamellar structure parallel to the planes of the cube,

as it appears on the meteoric iron of Hauptmannsdorf, near Braunau
(July 14, 1847), is not conspicuous on the Nebraska iron ; nor does

the latter show the damask-like crystalline patterns of the irons of

Bohumilitz and Basin. It exhibits rather the genuine " Widmann-
stetten's figures," such as are conspicuous on the meteoric irons of

Elbogam, Agram, and Aurange
;
coming next in texture to the large

1-635 lb. mass from Bed Biver (Louisiana), or to the iron from
Texas (Vala Colluja) described and autotyped in Silliman's ' Ameri-
can Journal.' The white zigzag lines, conspicuous in the figure, are

produced by crevices in the crystalline substance, parallel to the
planes of the octahedron. The white round spots indicate the places

where the action of the acid has penetrated to a greater depth around
central particles of sulphuretted iron.

The second piece obtained by cutting is of 10 ounces weight, nearly

4 inches in length, 2\ in breadth, and \ to f inch in thickness.

An excellent lithographic figure of the Nebraska iron, in the
< Transactions ' of the St. Louis Academy, vol. i., shows it from the
side which may be supposed to be that opposite to the direction of
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the meteor during its course through the atmosphere, as it presents

a great number of such shallow depressions as are so conspicuous in

the Meteorite of Gross Divina, which fell July 24, 1837. (See

Haidinger, ' Proceedings' Vienna Academy, vol. xl. 1860, p. 528.)

According to Mr. IS". Holmes, the iron in question was found on
the right shore of the Missouri, in the Nebraska Territory, 20 miles

from Fort Pinoon (44° 19' N. Lat., 100° 26' "W. Long, from Green-
wich), in 1857, by Mr. C. P. Chouteau, who in the spring of the

following year presented it to the Academy of St. Louis. "When first

found, its surface was but very little altered by rust.

Mr. A. Prout analysed it, and found

Iron 94-288 per cent.

Nickel 7-185 „
Magnesium -650 „
Calcium -350 „
Sulphur a vestige

102-473

No trace of cobalt, manganese, chrome, or any other substances

besides the five named above could be made out. Perhaps the
" projecting borders," supposed above to be Schreibersite, may
prove upon closer examination to consist of a phosphuret of iron

and nickel. The specific weight of the whole, at a temperature

of + 12°, is 7-362 ; it may be supposed to be somewhat higher

in smaller fragments, as superficial crevices seem to indicate the

existence of internal solutions of continuity. [Count M.]

On the Liassic Flora of Transylvania. By Franz von Hatter.

[Proceed. Vienna Imp. Greol. Instit., March 13, I860.]

A collection of plants made by Prof. Meschendorfer, of Kxonstadt,

from a black slate at Holback and a light-yellow micaceous quartz -

ose sandstone at Neustadt, in the Siebenbiirgen, which are regarded

as equivalent to the " Gresten Strata " and of Liassic age, consists of

the following species :

—

a. From Holback.

Cyclopteris, sp. (?) ;
fragments of a very large species.

Anthopteris meniscoides,Brongn. (Found also near Bayreuth.)

Tseniopteris vittata, Brongn. : not well preserved. (Found

also in England.)

Zamites Schmiedeli, Sternb. : badly preserved, but distinct.

(Found also in Franconia and in the Liassic Coal of

Steierdorf.)

Zamites, sp. (or Pterophyllum ?) ; in fragments.

Pterophyllum rigidum, Andr. (Also found at Steierdorf.)

Cunninghamites sphenolepis, Braun. (Found also in Franco-

nia and at Funfkirchen in Hungary.)

b. From Neustadt.

Zamites Schmiedeli, Sternb. A large specimen, beautifully

preserved.
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Zamites, n. sp. (Also found at Steierdorf and in the Vene-

tian Alps.)

Pterophyllum rigidum, Anclr.

This flora may be considered as identical with that of Steierdorf

in Banat, and consequently with that of the Lettenkohle of Bayreuth,

belonging to the horizon of the " Bone-bed." [Count M.]

On the Fossil Shells of the Freshwater Tertiaries of Bohemia.

By Prof. A. E. Reuss.

[Proceed. Vienna Imp. Acad. Sciences, June 8, I860.]

The molluscan species at present known to occur in the freshwater

tertiary limestones of Bohemia amount to 68, distributed as follows:

—Cyclostomacea 1, Aciculacea 2, Helicinea 50, Limnceacea 12, Cy-
claclida 3, Among the 50 Helicinea there are 24 species of Helix,

3 of Bulimus, 6 of Glanclina, 7 of Pupa, and 7 of Clausilia. The
prevalence of Clausilice (nearly all of new species) gives a particular

feature to this fauna, as they abound in it more than in any other

locality of analogous nature. Among them, Clausilia vulgata and

CI. peregnna, Reuss, are already described: the new species .{CI. ®

tenuisculpta, CI. denticulata, CI. polyodon, and CI. amphiodori) are all

very nearly related to the present European forms. A shell of the

family Limnceacea constitutes a new generic type, named " Acro-

chasma " on account of the structure of its shell. The only known
species {Acrochasma tricarinatum, Reuss) has a trilateral pyramidal

shell rounded below in its whole amplitude, with one posterior con-

cave, and two lateral slightly convex planes, ending upwards in an
acute reflected apex, beneath with a longitudinal aperture through the

shell, which in its hiving state seems to have been covered with an
epidermis. The new genus stands next to Ancylus, and may be con-

sidered as a freshwater representative of the marine genus Fissurella.

Among the 68 species from the Bohemian freshwater limestones,

15 (or nearly 1th) are identical with those from the analogous deposits

of Hochheim, in the Mayence basin. Eleven other species bear such
a resemblance to some from the same locality that they may be said

to represent them. From these facts it may be concluded that the
Bohemian and the Mayence freshwater limestones were coeval.

[Count Id.]

On the Geology of South-Eastern Hungary. By Prof. Peters.

[Proceed. Vienna Imp. Acad. Sciences, June 8, I860.]

The mountainous district of Bihar, well-known for the rich metalli-

ferous veins and the fine mineralogical specimens of Re'zbanya, lies

enclosed between the metalliferous mountains of Banat and JS".E.

Hungary, the Transylvanian Highlands, and the great Centro-Hun-
garian plain. Its stratified deposits, save some peculiarities in their

development, are the same as at Banat : its structure and connexion,
as a whole, with its main range, its intervening hills, and its partly

isolated eruptive masses remind one as much of the uniform mica-
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schist ranges in the Koros, Szamos, and Berettyo valleys, as of the

masses around JNagybanya. The red slates and sandstones (probably
" Old Eed ") and the Carboniferous strata immediately overlying the

mica-schists of the Banat are again met with in the Bihar mountain-
group. The Liassic limestones and sandstones (although non-carbo-

niferous) are well developed and identical with the Alpine " Gresten

strata." Triassic strata and those intervening between Trias and Lias

seem to be totally wanting.

Jurassic deposits intimately connected with Neocomian strata are

represented by Carpathian Cliff-limestones and (probably) " Klaus
strata." The tertiary Congerian clay is of general occurrence as far

as the foot of the high mountains ; Cerithian strata nowhere ad-

vancing so far upwards. The Keogene deposits of Bihar agree exactly

with those of Central Hungary. Among the massive rocks, a strati-

fied euritic porphyry with remarkable tuffs, porphyroid rocks of less

remote date, and a particular variety of syenite of relatively very

recent date are conspicuously prevalent. All these rocks have acted

most powerfully in the disturbance of strata and in the distribution

of metalliferous minerals. A large mass of trachyte and an eruptive

rock of the variety named " Bhyolite " by Baron Eichthofen have

been observed. [Count M.]

Oh the Metalliferous Deposits in S.E. Hungary. By Prof. Peters.

[Proceed. Vienna Imp. Acad. Sciences, July 12, I860.]

The rich deposits of lead- and copper-ores, exploited in the district

of Bezbanya, are not veins, as generally supposed, but massives,

associated with clastic rocks and intercalated into Jurassic and INeo-

comian strata. The eruptive rocks (syenite and greenstones) con-

nected with them are concerned in the origin of these metalliferous

deposits ; their Violent action having caused disruptions, into wbich
the ores were subsequently deposited. At a certain depth ores are

found together with rocks produced by contact, and mineralogically

analogous to the wollastonite-rock of Banat, and in some sort with

those of Monzoni (S. Tyrol), Mount Vesuvius, &c.

The magnetic iron-ores occur, as in Banat, at the contact of

syenite and Jurassic limestone, and are of great importance, espe-

cially near Potrosz, although still neglected for want of capital.

More than 60 mineral species occur in the mining district of Bez-

bauya. Among them, simple and binary compounds of tellurium

with silver, copper, and arsenic, buratite (Delesse), associated with

smithsonite and calcareous spar, linarite and caledonite, connected

with carbonate of lead and galena, broehantite (not stanniferous, as

Prof. Magnus thought it to be), a new hydrosilieate of magnesia,

potash, and alum (erroneously named agalmatolite), and a hydro-

borate of soda and magnesia (very probably isomorphous with the

boro-calcite of Iquique), appearing in the shape of microscopical

acicular groups in a granular limestone modified by contact, deserve

particular attention. [Count M.]
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On the Formation of the Volcano of Jorullo, Mexico.

By M. H. de Satjssure, of Geneva.

[Bulletin de la Societe Vaudoise des Sciences Naturelles., 1859, No. 45, vol. vi.

pp. 195-197. (Seance du 22 Juin, 1859.)]

It is, this very year, precisely a century since the fine valley of

Jorullo witnessed the transformation of its surface, previously covered

with plantations of indigo and sugar-cane, into a barren sheet of

stony lava. This catastrophe had for one of its results a perfectly

characterized volcanic mountain, which suddenly sprung up on the

surface of the globe, with unexampled rapidity and grandeur of pro-

portions.

The importance of this phenomenon in a geological point of view

is great, from the conclusions to which it has been supposed to lead.

Too much attention therefore cannot be given to the study of its

mode of action, especially as the latter has been wrongly interpreted,

and has been applied to support theories of an absolutely unfounded

character.

Humboldt, who visited the volcano only forty-three years after its

first appearance, considered it as the consequence of upheaval (sou-

levement). According to him, the immense sheet of lava which sur-

rounds the mountain is the result of a softening of the pre-existing

surface-soil (sol) by gases, and its inflation from beneath like a

bladder. The border of this sheet of lava is, according to him, the

broken edge of the kind of table which the subterranean action thus

heaved up. This opinion served as an argument in favour of the

theory of " Craters of Elevation" of von Buch, which ascribes to

other volcanos the same origin. But the very first inspection of the

locality suffices to show that such an opinion cannot be sustained in

the present state of the science. In my opinion Jorullo is not the

result of any kind of elevation, but has been produced solely by
means of eruption and accumulation. The sheets of lava, called

" Malpais," are nothing else than vast outflows of incandescent

matter, which have lined the whole valley, filling its cavities and
forming promontories, just as a mass of molten lead would spread

when poured on an uneven surface. The edges of the " Malpais,"

raised from 30 to 80 feet in height, are not a section or broken
edge of an elevated tract, but only the lateral or terminal borders of

currents of lava. The cone which forms the mountain of Jorullo

itself is the simple result of the heaping up of cinders and scorife

ejected by the principal orifice of eruption.

The volcano of Jorullo, in fact, is composed

—

VOL. XVII.—PART II. c
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First, of the sea of lava which resulted from several repeated out-

bursts of lava from, fissures, which outbursts, successively lessened in

the area covered by each, as it overflowed the preceding one, formed
four distinct terraces or steps, one higher than the other.

Secondly, of a central cone raised above these lavas after they had
ceased to flow, by the gaseous eruptions.

Thirdly, of one great and last current of lava which flowed from
the summit of the cone and encircled its base. This current was
due to the emission of lava after the gaseous explosions which formed
the cone had terminated.

Lastly, the remnant of lava which remained in the hollow of the

cone, as in a basin, by degrees sank within it as the subterranean

action ceased and the lava-column in the chimney subsided, from
which resulted a series of concentric ruptures and subsidences which
form the vast cavity of the crater.

Besides the principal cone, there is also a series of small cones

arranged on one line, which are only heaps of ejected scoria? and
ashes, and do not appear to have produced any lava. Their arrange-

ment shows the eruption to have taken place from an axial fissure

running N.-S. But there is no trace of the elevation (souUvemeni)

of the beds along this axis, which proves that the volcanic pressure

from beneath had not broken up the surface-beds, but only forced

an exit through some fault in them for the escape of the liquid and
fluid matters erupted.

Other small cones of ashes are scattered about at some distance

from the principal one. It will be seen from what has been said,

that the principal cone rises from a base of lava already high. In

fact, the surface of the " Malpais" rapidly rises from its edges to the

foot of the cones. This highest point forms, according to Humboldt,

the summit of the raised " bladder" of lava, and of the " upheaved"
plain. I do not think its structure is to be viewed in any such light.

The imperfect drawing of Jorullo published by the illustrious traveller

propagated his error among other geologists. The surface in the

midst of which the volcano broke out, was not a " plain," as Hum-
boldt erroneously calls it, but a very uneven valley ; nor was it in

the bottom of this that the fissure opened whence issued the basaltic

lavas which covered the neighbouring surfaces, but on the eastern

slopes of the valley, and in a direction parallel to its axis, so that

the great height of their culminating portion is due in part to the

previous height of the surface beneath, and explains itself without

the necessity of supposing any upheaval.

It should be added that the highest portion of the " Malpais" was

still further raised by the superposition of several successive sheets

of lava, which did not reach the outer limits.

It is evident, then, that the volcano of Jorullo has been formed in

no degree by upheaval, and that its phenomena, far from pleading in

favour of the upheaving action of the volcanic force, show, on the

contrary, that the most powerful volcanic outbursts can take place

without the slightest derangement of the superficial beds.

[G. P. S.]
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On the Existence of Three Divisions in the Devonian Rocks of the

Lower Loire. By Dr. Bureau.

[Bulletin de la Societe Greologique de France, 2me serie, vol. xvii. pp. 789-796.]

The Devonian rocks of the Lower Loire rest on metamorphic slates,

which graduate downwards into mica-schist, finally resting on the

granite of La Vendee. The whole mass is divisible geographically

into a northern development of grits, coal-beds, and conglomerates,

and a southern one of clay-slates with associated limestones.

1. Lower Devonian. These form the southernmost beds, and con-

tain Pleurodictyum problematicum and Leptcena depressa. The lime-

stones contain Corals, of which Calamopora Goldfussii is the type.

2. Middle Devonian. Proceeding northwards, a band of slaty

limestone is met with, sometimes pink and in other places black,

characterized by Stringocephalus Burtini.

3. The upper schists are charged with numerous Brachiopods,

described by Dubuisson in 1830. In the same beds Dr. Bureau dis-

covered fragments of Plants. He doubtingly separates these schists

from the Middle Devonian on palseontological evidence. A gradual

change carries this slaty rock into the upper grits, which constitute,

with subordinate coal-beds and conglomerates, the northern expo-

sure of the Devonians. The limestones occurring here are charged

with Terehratula cuhoides, T. pugnus, &c. The grits and coal-beds

alternate four or five times, in parallel stratification. The flora of

the coal-beds differs from the great Carboniferous flora, although

there are some species common to both. Ferns are represented by
Sphenopteris.

The slates containing Spirifer Verneuilii (which the French
geologists always class with Devonian rocks, although our Dublin

neighbours label them as Lower Carboniferous) are entirely absent in

this district.

Dr. Bureau's expected work on the details of the district will

doubtless aid in the construction of a true Devonian flora, and co n-

tribute to the determinate classification of an interesting series of

rocks which at present are occasionally claimed as Carboniferous.

[S. R. P.]
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On the Liassic and Keitperian Formations of Savoy.

By Alphonse Favre.

[Memoire sur les Terrains Liasique et Keuperien de la Savoie: par Alphonse
Pavre, Professeur de la Geologie a l'Academie de Geneve. (Geneva, 1859, 4to,

pp. 92, with 3 plates.) Extrait du tome xv. des Memoires de la Society de
Physique et d'Histoire Naturelle de Geneve.]

On the Contrariety observable in the Alps between the Stratigraphical

Succession of the Beds and their Pal^iontological Contents ; with

an Additional Example of this Contrariety . By Scipio Gras.

[Considerations sur l'Opposition que Ton observe souvent dans les Alpes entre

l'ordre stratigraphique des couches et leurs caracteres paleontologiques, suivies

d'un nouvel exemple de cette opposition. Par M. Scipion Gras, Ingenieur en
chef des Mines. Annates des Mines, 5me ser. vol. xviii. 4e livr. de 1860, pp. 17-54.]

The great interest which just now attaches to the study of Alpine

geology arises from its striking exhibition of apparent exceptions to

the established order of superposition.

M. Favre thus states the case :

—

" In the Tarentaise, Coal-plants and Oolitic fossils appear to be

associated together. Controversy as to this has lasted for thirty

years, and affects the very foundations of palaeontology.

" In the valley of Chamouni, Jurassic limestone is seen dipping

beneath crystalline rocks.

" In the valley of Reposoir, rocks containing Ammonites and
Belemnites rest on Nummulitic beds.

" In the hills of Coux and Goleze, Liassic or older rocks rest on
Nummulitic strata.

" At the base of the Mole, the strata are Neocomian by fossils

and Jurassic by position."

Two leading theories have been advanced respecting these and
similar cases. One, which is well represented by M. Favre in the

work referred to, is that they are due to enormous folds and faults
;

the other, advocated by the mining engineer in chief, M. Scipio Gras,

in the second work, that they are actual local exceptions.

M. Favre says, referring to the instances above quoted :

—

" In spite of these observations, I neither believe in the contem-
poraneity of Coal and Jurassic fossils, nor in the inferiority of

Ammonite-beds to jSummulitic, nor that the latter are older than
the Lias, still less that the Neocomian were anterior to the Jurassic,

or Tertiary rocks to Secondary."

A problem of so much interest to geology, when thus clearly stated,

and illustrated by carefully delineated surveys, is well worth atten-

tion. The two publications before us, especially the former with its

admirable sections, furnish ample materials.

M. Favre first describes the rocks of Meillerie and of the Dranse.

They form part of the great Liassic chain stretching from the shore

of the Lake of Geneva to the Arve, from Meillerie to the Mole. They
consist of a quadruple series, which, according to our author, is

folded four times on or, rather, within itself. The lowest group is



FAVRE AND GRAS ALPS. 17

the Toarcian,—marly beds with cement-stones ; characterized by

Ammonites Aalensis. 2. Liassic and Sinemurian. 3. Kossen beds (Avi-

cula contorta beds). 4. Doloinitic cellular Hmestone, oflarge develop-

ment and constant position throughout the Alps, called "Cargneules."

The last two are classed with the Keuper ; the first two with the

Lower Jurassic or Liassic. The picturesque gorge of the Dranse

exhibits the same series ; but the ends of the plications are here

apparent. The 4th group attains great thickness, and contains large

masses of gypsum at Feterne and Epine.

Associated with the latter are bituminous coal and jet. Down-
wards it extends into the representatives of the saliferous red rocks

of the Jura.

M. Favre has a highly interesting chapter on the intermingling

of fossils in these rocks ; he makes out numerically that some few
species are common to the Lias and the Trias, and a larger propor-

tion common to more than one stage of the Lias. He then describes

various other localities in which the Kossen beds are surmounted by
Liassic strata, especially at Tanage, where both are underlain by
anthracitic deposits. He then describes extensive sections across

the Trias, Lias, and Jura. Mont Blanc is enveloped in Keuper
rocks (Metrites irisees) ; and although the discovery of instructive

sections was as difficult to him as to Mr. Euskin, yet he con-

cludes—" The beds are here found in an inverted order of super-

position. This fact, so long doubted, appears to me to be completely

proved by the relative position of the gypsum-beds and the Triassio

' cargneules.'
"

He next dwells on the correlation of the Lias of Savoy with

formations of the same age elsewhere, and on the extent of their

metamorphism

.

We now turn from this highly satisfactory contribution to science,

to the second, which will also invite investigation and repay perusal.

M. Scipio Gras first lays down his theory and refers to existing

instances in its support, and then cites a new proof.

He states his view to be—that the causes usually assigned for the

abnormal condition of the Alpine strata are wholly gratuitous, and
that these strata were actually deposited in the order in which they

now appear,—that they have not been reversed,—that they constitute

a special palaeontological province, originally differing from others by
reason of the enormous local contemporaneous disturbances..

His new case is taken from the valley of Entremont, where beds

containing White-chalk fossils are actually interstratified with others

of Neocomian age.

The geology of this district had previously been described by MM.
Favre and Lory, who had attributed the phenomena to reversals and
faults ; but M. Gras by a minute survey has been led to believe that

this is impossible, and that the intercalation of the two systems here

is real.

He concludes by stating that, "As these great differences, be-

longing not only to the fossils, but to the character and disposition

of the rocks, are not peculiar to the Upper Chalk alone, as compared
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with that of other countries, and of which we find parallel cases,

though not so well marked, in the rocks of Dauphine, it is probable

that these numerous anomalies spring from a common source,—that

is to say, the former existence of special geogenic centres, under the

influence of which the Alps were formed, and which render them a

geological province altogether unique." [S. E. P.]

Studies on the Metamorphism of Roces.

By M. Delesse.

[Etudes sur le Metamorphisnie des Roches, par M. Delesse. Ouvrage eouronne
par I'Acadernie des Sciences. Paris, 1861.]

The author having in a previous essay (Annales des Mines, 5 serie,

t. xii. 1857, p. 80) treated on special or contact metamorphism,
restricts himself in the present memoir to general or normal meta-
morphism. This work being of considerable length and replete with
facts, space will only permit of a general outline of the more important

conclusions. His definition of metamorphism is, the passage from
the fragmentary and amorphous state in which stratified rocks are

usually deposited, into one more or less crystalline ; which change
may take place in rocks of every description. According to this

definition, some rocks must be considered metaniorphic which the

majority of geologists have not looked upon as such,—as, for example,

deposits of clay in the midst of which crystals of selenite have been
subsequently developed.

The plan adopted by M. Delesse is, first to investigate and de-

scribe the nature of various rocks as now formed or as they occur

in an unaltered condition, and then to consider what changes have
taken place when they are metaniorphic and crystalline. He thus in

Section 1 treats of beds and veins of minerals having a metallic basis,

as iron, manganese, zinc, copper, tin, &c,—the general conclusion

being that, " when subjected to general nietamorphism, their struc-

ture becomes more crystalline. As to their chemical composition, it

is sometimes modified (by removal or addition of constituents) ; and
sometimes, on the contrary, it remains the same" (p. 23).

In Section 2 he considers the metamorphism of erupted rocks, and
suggests that the absence of rocks identical with modern volcanic

products, from crystalline schists, may be explained by supposing that

theytoo have been altered. Thus,for example, the operation of general

metamorphism may have changed trachyte into granite, and trap-

pean rocks into dolerite. Nevertheless he does not suppose that all

plutonic rocks have been produced in this manner, and shows that

they were often formed under the conditions which brought about

general metamorphism, and therefore, if again subjected to the same
influence, would be only slightly altered.

Section 3 treats on the metamoi-phism of stratified rocks, and in

the first place, on that of coal and other combustibles. The changes

which they have undergone when subjected to general metamorphism

are precisely similar to what are met with when beds of coal are in
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contact with erupted non-volcanic rocks. There has been a gradual

elimin ation of the oxygen and hydrogen, and there is a gradual

passage from wood, lignite, and coal, to anthracite and graphite ; which

latter mineral, according to the author, is always associated with

rocks that have been subjected to an energetic metamorphic action.

In treating of the various accumulations of sulphate of lime, though,

as already mentioned, he looks upon the development of crystals of

gypsum in clay as a case of genuine metamorphism, he clearly points

out that some highly crystalline accumulations of gypsum were pro-

bably deposited as such, and are therefore in a normal condition. He
calls attention to the development of mica in some of the metamor-

phic gypsum of the Alps, which is of interest as showing that that

mineral may be formed at a temperature no higher than 120° C. (248°

F.), at which gypsum passes into anhydrite. In explaining the

origin of quartzite, the author specially refers to those sandstones

which consist of minute crystals of quartz, eitber deposited as such

or formed in situ, showing that, in some circumstances, quartz may
crystallize when other rocks associated with it have undergone no

change.

It would render this extract too long if anything more than a

general outline were to be given of that part of the essay treating

on the changes which have taken place in the various kinds of sand-

stone and clay. The author considers the case of sandstone, clays,

magnesian clay, marl, argilite and marnolite (Cordier), and the

various rocks to which they have given rise. Thus, sandstones

were changed into quartzites or quartzose mica-schist
;

clay into

chiastolite- slate ;
magnesian clays into talcous, serpentinous, or

chloritic schists ; and marl into pyroxene, garnet, or epidote-rock.

Argilite and marnolite have given rise to various rocks, according to

the original character of the deposit or the degree of the subsequent

changes, beginning with slate, and finally terminating in mica-schist

and gneiss. Amongst these rocks he includes a number in which
crystals of felspar have been developed, and classes them with the beds
in Wales described as " trappean ash " by the Geological Surveyors of

Great Britain. To gneiss is ascribed a double origin, being in some
cases "incontestably stratified," andm others " a well-characterized

eruptive rock." It is thus a connecting link between these

two great classes of rocks, is " most intimately connected with
granite, and its origin is evidently the same. ... In reality it is only

a variety of veined granite the crystallization of which appears to

have been impeded. "We are thus naturally led to admit that

granite itself is a metamorphic rock. The same conclusion applies

to the other plutonic rocks" (pp. 76, 86). The occurrence of gra-

phite in various schists and even in granite itself is ascribed to

organic bodies enclosed in the rocks previous to metamorphism.
M. Delesse, however, in the concluding division of his essay clearly

admits that some granites have been erupted. If, says he, " meta-
morphism be very energetic, it gives rise at once to both metamorphic
and plutonic rocks. These latter, which appear to enjoy a greater

amount of plasticity, have very often behaved as erupted rocks. They
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have been brought up again to the surface of the ground by internal

pressures, and have filled the fissures and crevices of the crust of the

globe in a state of veins or larger masses. But they are then no
longer in contact with the corresponding metamorphic rocks, nor with
those at the expense of wbich they were formed

;
this, moreover, is

the most habitual manner of occurrence "
(p. 88). The author then

proceeds to point out that the plutonic rocks are often far too small

to account for the magnitude of the metamorphic actions, and that

even quartzite, mica-schist, and gneiss have sometimes been formed

when no plutonic rock is present. He therefore concludes that

plutonic rocks are the effect, and not the cause, of general meta-
morphism ; and adopting this supposition, concludes by pointing out

how it will serve to explain the variation in the character of granite

at a greater or less distance from its extreme boundary.

[H. C. S.]

Geological Underground Map of Paris, Sfc.

By M. A. Delesse, For. Mem. G. S., &c.

[Carte g^ologique souterraine de la Ville de Paris, pubHee d'apres les ordres

de M. le Baron Or. E. Hausmann, Senateur, Pr6fet de la Seine, conforrnenient a

la deliberation du Conseil Municipale du 8 Novembre 1857, et exeeutee par

M. Delesse, Ingenienr des Mines, Inspecteur des Carrieres du Departeraent de
la Seine, 1858. Dessin6e par Al. Babinski. Exeeutee en c-hroniolith. (Lemercier)

sous la direction d'Avril fes , Rue des Bemardins 18. En vente ebez F. Savy,

20, Rue Bonaparte, Paris.}

This is a geological map of Paris (lithographed and printed in

colours), on the scale of 15 millimetres to 100 metres ; and it also

indicates, by means of contour-lines of certain colours, the surfaces

of the several formations beneath Paris, to the greatest depth

reached by borings.

It is accompanied by three sections :—one across Paris from E. to

W., from the Barriere de Yincennes to the Barriere de Neuilly : the

other two are ST. and S.,—one on the eastern side, from the Barriere

d'Aunay to the Barriere de Charenton ; the other on the west, from

the Barriere du Boule to the Barriere de la Mothe Piquet. The
vertical scale is 45 millimetres to 100 metres, being three times the

horizontal scale.

The made ground (" remblais," ?') and the drift (" terrain de trans-

port," cV) being supposed to have been removed, the following forma-

tions (" terrains") are seen on the map :—gypseous marls and gypsum

(</'), lacustrine limestone (V), middle sands ("sables moyens,'V), marls

above the calcaire grossier (»»'), calcaire grossier (p'), plastic clay (a'),

and the cretaceous strata as far as the gault (c'). This map differs

from ordinary geological maps in that it indicates the surfaces of

these terrains. If, says the author of the map, we were to raise one

after the other the terrains composing the subsoils of Paris, com-

mencing with the latest, we should disclose successively so much of

the surfaces as corresponds with each of these formations. To deter-

mine with precision these surfaces, we have chosen a particular bed
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to serve as a datum : it was necessary that this special bed should

present well-marked mineralogical characters, easily recognizable in

a boring ; and it is generally that one which forms the upj)er surface

of each terrain. For it is the lower surface of the made ground
(r) ; for d', the lower surface of the drift (cl) ; for g', the bed of

gypsum (g) ; for V, the first bed of magnesian laminated clay below

the marine beds (1) ;
gl indicates the beds of gypsum in the lacustrine

limestone ; for s' is chosen the first bed of greenish-grey sand, gs

being beds of gypsum in the sables moyens ; for m', the first bed of

the marls (in), gin being gypsum beds in the marls; forp', the bed
of rock, or, that failing, the first bed of calcaire grossier (jp) ; for a',

the first bed of clay (" glaise ") and the calcareous marls (a); for c' the

upper chalk or pisolitic limestone (c) : from g to c inclusive, the

datum bed is the upper stratum of the terrain. The calcaire grossier

becoming marly in the northern part of Paris, is not represented

with so much exactitude as the other terrains ; nevertheless its sur-

face is indicated on the sections by dotted lines.

Each of the special beds has had its bearings tested by accurate

levellings and measurements made at certain points : hence all its

inequalities of surface can be represented on the map by horizontal

curves, of the same colour as that used to indicate the terrain to

which the bed belongs, but of a darker tint
;
they are 10 metres

apart. The horizontal curves of the drift represent the surface which
would be obtained on removing this formation

;
they are 5 metres

apart.

When a point has been determined by levelling, it is indicated on
the map by a red dot, by the side of which are inscribed letters and
figures (of colours corresponding to the terrains found beneath)
which show the depth at which each special bed has been reached

there. The gypsum beds have their thicknesses shown; but they
are too irregular to be defined by horizontal curves.

The figures given as measurements in the map and sections are

calculated from a datum-line 100 metres below the mean sea-level.

By the aid of this map and the great mass of exact information

which it clearly gives as to the relative position and thickness of

the several strata, any one may calculate approximately the depth
at which each formation may be reached at any spot in Paris.

The level of the water, both subterranean and that of the river, is

shown in the sections by a blue line and figures. It has been deter-

mined by the drainage-works carried on in August 1857.

The numerous underground works carried on in Paris, during the

last few years especially, have all been turned to account in gaining
as exact a knowledge as possible of the nature of the substrata. Por
the greater depths the author has had recourse principally to the
borings executed by MM. Mulot and Degousee. The plan of Paris

on which the map is based was published in 1856 by the Engineers
of Bridges and Boads of the Municipal Service. [T. B. J.]
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Hydrological Map of Paris, Sfc. By M. A. Delesse, For. Mem.
Geol. Soc. &c.

[Carte hydrologique de la Ville de Paris, &c. &c. Par M. Delesse, &c, 1858.]

This is a chromolithographed map of Paris, of the same size and
form as the foregoing (p. 20) ; it is accompanied by the same sections,

and exhibits both the hydrographical and geological features of the

area. This map, to the execution of which the author* has devoted

nearly eight years, is constructed on novel principles. First, it

gives the relief of the ground by horizontal curves
; consequently it

indicates how the water runs on the surface. Further, it shows the

sheets of subterranean waters beneath Paris. Their contours

and their flow are represented by horizontal curves a metre apart.

These curved lines have been traced according to the measurement of

the level of the water in a great number of wells ; and therefore are

not hypothetical. Indications are also given of the quality of the

waters in Paris ; and in this the author has had recourse to a plan

used in England—namely, finding the quantity of soap used up in a

given quantity of the water experimented upon. The degree of

"hardness" thus obtained is inscribed on the map at the points where
the several samples of water have been taken. Lastly, this map is a

geological map of Paris ; for it shows the formations which are

bathed by the sheets of water. If, for instance, we take the sheet

of infiltration water falling into the Seine, its upper surface bathes

different formations, which are indicated on the map by corresponding

colours. " It was interesting," says the author, " thus to trace the

formations at the level of the subterranean water-sheet, as one sees

how it traverses the several formations, and how the chemical compo-

of the former depends on that of the latter."

This map has been executed by order of M. Hausmann, Prefect

of the Seine, who has also charged the author with the construction

of another similar map, which is to comprehend the whole of the

Paris basin. These researches are connected with the undertaking

known as the Somme-Soude Project, which contemplates the supply

of good water on a large scale, by bringing the rivers of Champagne
to Paris.

M. Delesse considers that this plan of hydrological mapping

might be advantageously applied to mining districts where the

works are much interfered with by water : the right places for adits,

galleries, &c, would thus be easily fixed upon.

[T. R. J.]

Geological Map of the Southern Portion of the TJral Mountains.

Constructed in 1S54 and 1855, by Capt. Meglitzkt and Capt.

Antipoff, Engineers of the Corps des Mines.

This is a Russian map, on the scale of 1 inch to 8 miles (English)

,

and is accompanied with several sections. Of these, three are parallel

* A letter from the author to Sir E. I. Murchison. T.P.G.S., has supplied

much information respecting this map.

—

Edit.
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On a Jurassic Deposit containing Freshwater Fish and Insects

in Eastern Siberia. By M. Ed. d'Eichwald.

[Sur un terrain jurassique a poissons et insectes d'eau douce de la Siberie orien-

tale. Par M. Ed. d'Eichwald. Bull. Soc. Geol. de France, 2e serie, vol. xxi.

1863, pp. 19-25.]

M. d'Eichwald refers to his observations, made in 1846, in his

' Geognosie de la Russie,' on freshwater strata in the district of

JNTertchinsk, in Eastern Siberia, containing fossil Fish, described by
him as Pholidophorus macrorhynchus, associated with Posidonomya
and some larvae of Insects.

In 1850* Dr. J. Midler proposed for this fish the name of Lyco-
jptera Middendorjii, regarding the shale in which it was found as of

Eocene age
;
while, on the other hand, M. d'Eichwald had considered

the strata as belonging to some member of the Jurassic system f.

A portion of this paper consists of notes upon the fossils occurring

in these beds. The Fish already mentioned he states to agree pretty

well generically with Pholidophorus, but better with JEthalion of

Miinster (1842), which Prof. Agassiz somewhat later classed as a

subgenus of Pholidophorus.

The remains of Neuropterous Insects accompanying the Fish the

author named Ephemeropsis trisetalis; with these occur Estheria Mid-
dendorjii, Jones, Pcdvdina pura, D'Eichwald, and a small species of

Cyclas. He next remarks, that up to the present time the relative

age of the shale has not been satisfactorily determined. It readily

splits into very thin layers, between which are found, in great

numbers, JEthcdion {Pholidophorus) macrorhynchus and Estheria,

whilst Ephemeropsis, Paludina, and Cyclas are sparingly met with.

The shale is found to pass into an argillaceous schist, a rock which
constitutes everywhere in Eastern Siberia the highest mountains.

It is doubtful, however, whether this is the same schist which con-

tains fossil Fish upon the banks of the River Tourga, and is pro-

bably of older date ; it is generally devoid of fossils, but forms allied

to some Liassic species of Monotis, that occur in the Tyrol, are some-
times met with.

The schist occupies the eastern shore of the Gulf of Oxhotzk,

and contains Monotis Ochotica, Keys., with its several varieties, which
were named by Keyserling M. minor, M. media, and M. major
respectively. It may therefore be regarded as a passage-bed to the

* Middendorf, 'Voyage en Siberie,' p. 261.

t See also Quart. Journ. Greol. Soc. vol. xix. pp. 71 et scq,

VOL. XX.—PART II. D
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Lias of the Tyrol, which as a marine sediment may be contempo-
raneous with the Jurassic strata of the Tourga, which were deposited

in a freshwater lake of very considerable extent.

He further adds his belief that Jurassic limestone is clearly

developed in Northern Siberia and in the Islands of the Arctic Ocean,

as previously noticed by him, in 1841, in his memoir upon the

Ceratiies of the Muschelkalk of Eastern Siberia. [It. T.]

On the Geology of Albania. By Dr. A. Boue.

[Proceed. Imp. Acad. Vienna, January 21, 1864.]

Before the year 1859, the Albanian River Drin flowed to the

Adriatic through the valley of Zadrima and the limestone-cliffs of

the defiles of Baldrin and Lesch. In 1859 an inundation of this

river, probably simultaneous with another of the Biver Kiri, caused

the Drin to work out from its north-west source in the Skela Moun-
tains a new course through cultivated lands, down to its junction

with the Kiri, which falls into the Boyana. The Rivers Devol and
Scumley, in Middle Albania, separated only by a large plain, without

any mountains or hills, likewise unite during periods of inundation,

at least at the narrower part of this isthmus. Westward, a small

hilly portion remains, like an isle between the sea and the two
rivers. Between the basin of Scutari and the Gulf of Arta, and still

more to the south, a broad band of land is exclusively occupied by
Tertiary deposits overlying an old depressed formation of Secondary

limestones, which appear through the Tertiaries only in some few
places. Eocene strata are prevalent in Epirus ; Miocene and Neogene
in Northern and Central Albania. A fine section of these deposits

is to be met with on the southern slope of the Graba-Balkan. On
this slope, the Nummulitic Limestone is overlain by a thick deposit

of blue argillaceous marls. Above this, strata with Cerithia and
NeritinoB, such as are not met with in the Vienna Basin, are to be

seen. The uppermost deposit is a thick layer of quartzose Leitha-

<!onglomerate (Xeogene). As in Istria, only on a larger scale, the

Eocene deposits in South Albania comprise two great subdivisions
;

the Nuniruulitic limestone forms the high ground, and the marls and
sandstones occupy the depressions and erosions, both being overlain,

in some of the larger valleys, by freshwater limestones and alluvium.

Several sulphurous hot springs are known to exist in North Albania,

and it may be worth notice that there, as at Baden, near Vienna,

gypsum occurs imbedded in Secondary limestone. [Count M.]

On the Coal-deposits of Gross-Ramixg (Upper Austria).

By Baron Sternbach.

[Proceed. Imp. Geol. Instit. Vienna, February 1G, 1864.]

Five seams of this Coal, of which only the third, about 3 feet

thick is profitably worked, are imbedded in alternately compact and
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friable shales, interstratified with grey micaceous sandstones of

Lower Liassic age. The shales forming the floor of the second seam
include ferruginous marls with vegetable impressions, among which
Camptopteris Wilsoni prevails, while in the shales of the roof Peco-

pteris Whitbyensis is the predominant form, though specimens of

Tceniopteris vittata have also been met with. Some layers of the

imbedding rock are full of organic remains ; for instance, Pleuromya
unionides, Pecten infra-Uassicus, Goniomya rhombifera, Panopcea

liassicd, &e. The mining-operations, after having been carried

through barren rocks and several unprofitable Coal-seams, at last

led to the opening of a coal-seam 9 feet thick, of which from 5 to 6

feet are good laminated coal, giving 60 per cent, of coke and only

20 per cent, of ash. At several places the workings reached as far

down as the variegated Liassic marls. [Count M.]

On the Neogene Deposits of the Valleys of the Mtjrz and Mtjr

(Sttria). By Herr D. Sttjr.

[Proceed. Imp. Geol. Instit. Jan. 19, 1864.]

Two horizons differing in age may be distinguished in these, deposits,

the upper portion of the more ancient consisting of conglome-

rates, with hollow pebbles, and sandstones ; and the lower part of

shales, with sometimes considerable coal-seams ; both subdivisions

contain remains of Mastodon angustidens, Dinotheriam Bavarieum,

and other Mammals. This older series may be equivalent to the

marine strata of the Vienna basin. It is overlain by plastic clay,

with occasionally very considerable coal-seams, both containing

intercalated beds made up in places almost entirely of Congeria

triangularis, Partsch
;
they are certainly equivalent k> the uppermost

freshwater strata of the Vienna Basin, and are succeeded by an
extensive gravel-deposit. [Count M.]

On Bivalves from Gosau. By Dr. Zittel.

[Proceed. Imp. Acad. Vienna, December 10, 1863.]

The Gasteropods of this highly interesting deposit have been described

by Dr. Zekely (Jahrb. k.-k. geol. Beichsanst. 1852). Subsequently

Prof. Beuss published descriptions of the Corals and Foraminifera.

Chev. von Hauer those of the Cephalopods, and Dr. Stoliczka those of

some freshwater Gasteropods from the same locality. Dr. Zittel, of

the Imperial Museum of Vienna, has lately published descriptions

and figures of seventy-three species of Gosau Dimyarian Bivalves,

all of which belong to known genera, stated (with the exception of

Cyclina) to occur in Cretaceous deposits. The greater number of the

species are new, and only a few have been hitherto met with in other

localities. Of the 73 species, only 17 have been found (most of them
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in Southern France) beyond the Austrian Alpine regions ; all the

others (6 of which had been previously described by Sowerby and
other authors) are confined to the Gosau strata, in the strict sense of

the term. The species of Unio, Oyclccs, and Cyrena which Dr.

Stoliczka found, associated with Gasteropods, between the coal-seams

of the Wand, near Wiener-Neustadt (S. of Vienna), are of particular

interest as members of an ancient freshwater fauna, the former

existence of which has been recently confirmed by the discovery of

gigantic Saurian remains. [Count M.]

On some Geological Sections in the Traisenthal (Loaver Austria).

By M. Lipold.

[Proceed. Imp. Geol. Instafc. Vienna, March 15, 1864.]

These sections exhibit the following succession of strata, in ascend-

ing order:—(1.) Werfen beds, with Myacites Fassaensis and other

characteristic organic remains. (2.) Rauchwackes. (3.) Dolomite,

dark-coloured and partly bituminous. (4.) Guttenstein beds, black

spathose limestones, "with Geratites Cassianus. (5.) Nodular black

or light-grey limestones, containing nodules of chert, alternating

with black, thinly schistose limestones, including Ammonites Aon and
Halobia Lommeli—the Gossling beds. (6.) Sandstones and shales

with intercalated coal-seams ; shales with impressions of vegetables,

as Pterqphyllum longifolivm, Equisetites columnaris, Pecopteris

Stut tt I'irU asis, &c. , and overlain by slates withPosidonomya Wengensis,

and a thin bed of limestone with Ammonites floridus—Lunz strata.

(7.) Black or brownish, partly dolomitic, limestones, in thin layers,

with Pu tui filosus, Corbis MeUingi, Perna Boueil, Myoconcha, &c,
and above therfl similar light-coloured limestones with Myophoria
WhaileycB, Cardita crenata, &c, overlain by dolomites—Opponitz

strata. (8.) Kossen beds, overlain by (9.) Hierlatz strata near

Silienficld, and by Liassic variegated marls with Ammonites near

Traisen. (10.) Bed Jurassic limestones (Klausen beds) with -4m-
,,ivnit<_s trvplicatus. (11.) Upper Jurassic Aptychus-slates and lime-

stones. (12.) Neocomian strata.

The Lower (Alpine) Trias is represented by the deposits Nos. 1

to 4, the Upper (Alpine) Trias by Nos. 5 to 7, the Alpine Lias by
Nos. 8 & 9. The whole of the Coal-deposits in the lower part of the

North-east Calcareous Alps are interstratified with the Upper Trias,

while those on the southern margin of the Vienna-sandstone zone

are subordinate to the Grestcn (Middle Lias) beds. [Count M,]
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E. and W. sections across the country, with the heights determined

by the barometer, and on the scale of 1 inch to 16 miles horizon-

tally ; and fourteen are smaller uncolourecl local sections.

The following formations are indicated by colours on the map and

long sections :—A. Silurian. Green and grey sandstone and conglo-

merate
;
green, grey, and other argillaceous schists and quartzite.

(Obolus Apollinis, Lingula oblonga, Orihis calligramma, 0. testudi-

naria.) B. Devonian. Limestone, grey and white ; calcareous sand-

stone (Brook Pismianka), and schists. {Terebratula elongata, T. Ari-

maspus, T. aptycha, T. Pugnus, T. cuboides, Spirifer Tenticxdum,

Sp. muralis, Sp. Archiaci, Orthis resupinata, Avicula reticulata, Pen-

tamerus gdleatus, Sfc.) C. Carboniferous. Grey clay and schist (Pe~

copteris, Cyclopteris, Voltzia, Sphenopteris, Noeggerathia, <$fc). Ferru-

ginous Sandstone. Yellow, grey, and black limestones, argillaceous

schist, and grey and yellow sandstone (Goniatites, Fusulina cylindrica,

Spirifer Mosquensis, Sp. striatum, Productus antiquatus, P.punctatus,

P. giganteus, CyathophyUum, <$fc). D. Permian. Bed sandstone,

conglomerates, clays, and limestones. E. Cretaceous. "White and
yellow clays, sandstones, and conglomerates (Belemnitella mucronata,

Terebratula carnea, T. elongata, Rhynchonella octoplicata, Ostrea

vesimlaris, Sfc). E. Alluvial clay and sand. G. Igneous rocks

:

a, granite, granito-syenite
;

b, diorite and porphyry (greenstone and
felspar-porphyry) ; c, serpentine

;
d, quartz-veins. H. Metamor-

phic rocks: 1. mica-, talc-, and chlorite -schists ; 2. conglomeratic

schist and jasper.

The auriferous sands are also marked (by a yellow line), and the

numerous points where astronomical and barometrical observations

were made are also indicated. The barometrical stations are used

to indicate the lines of section ; on the latter the heights are given

in English feet.

The smaller sections are :—Fig; 1 . Curved strata of Silurian sand-

stone and argillaceous schists on the banks of the Brook Maloi Su-
riane. Fig. 2. The Turate Mountain, showing Silurian sandstone,

limestone, and schist, and conglomeratic schist. Fig. 3. The Si-

lurian sandstone and clay-schist on the Biver Arantache. Fig. 4.

The Silurian beds (sandstone and clay-schist, with breccia and jas-

per) on the banks of the Brook Gusicha. Fig. 5. Section at the

village of Verchneosernoy, to the east, showing the beds of the Car-

boniferous Limestone, alternating with sandstones and conglomerate.

Fig. 6. Section at the village of Griasnuschinskoy, showing the

strata of Carboniferous Limestone (a-c), the Silurian rocks (alter-

nations of green and grey sandstone, clay-schists, and conglomerate),

and dykes of diorite (g). Fig. 7. Strata of the Carboniferous Lime-
stone at the Factory of Kananicolsky, to the west (a, sandstone

;

b, grey and black limestone
; c, Fusulina-liinestone

;
d, Encrinital

limestone
;

e, calcareous sandstone
; /, limestone with Productus

antiquatus, P. punctatus, Spirifer Mosquensis, Sfc. ; g, limestone

with CyathophyUum, Sfc. ;
h, argillaceous and pebbly schists ; and i,

Silurian rocks). Fig. 8 shows a complete section of the Carboni-

ferous, Silurian, and Metamorphic rocks at the Factory of Preobra-
VOL XVII. PART II. E
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gensky, to the west :

—

a, sandstone
; b, grey and black limestone ;

c, Fusulina-liinestone
;

d, Encrinital limestone
;

e, sandstone ; /,

limestone with Productus striatus, Spirifer Mosquensis, Sfc. ; g,

limestone with Oyathophyllwn, tyc. ;
h, argillaceous and conglome-

ratic schists
;

i, Silurian sandstone and schist
;

Tc, conglomerate ;

I, talc-schists
;

m, mica-schists
;

n, serpentine-dyke ; p, conglo-

meratic schists (locally overlying the mica-schist) ; q, quartz-veins.

Fig. 9. Carboniferous strata on the banks of the River Maloi Urta-

sime :

—

a, grey and black limestone
;

b, yellow limestone, with En-
crinital limestone (c)

;
d, conglomerate ; e & f, alternating clay-

schist and sandstone
; g, limestone with Oyathophyllum, 8fc. Fig. 10.

Carboniferous Limestone on the porphyries on the banks of the River

Verchniaia Orlofka :

—

a, porphyry ; b & c, strata of Carboniferous

Limestone, with abundant fossils, and not at all metamorphosed;
d, dykes of diorite in the porphyry. Fig. 11. Carboniferous Lime-

stone on the Brook Maloi Suriane. Fig. 12. Contorted strata of Car-

boniferous Limestone near the village of Ivugartschi.

Fig. 13. Cretaceous strata:

—

a, white and yellow clay with seams

of sand (Belenmitella mucronata, Terebmtula carnea, T. elongata,

RhynchoneUa octoplicata, Ostrea vesicidaris, Sfc.) ;
b, sandstone and

conglomerate with chlorite. Fig. 14 is a section of the Michailavsky

bed of gold-bearing sand on the banks of the Brook Suvunduc :

—

a, grey Carboniferous Limestone ; b & c, alternating argillaceous

schist and sandstone below the limestone ; e, quartz-vein through

the limestone
;

d, superficial auriferous sand.

[T. R. J.]

On the Molasse of Southern Bavaria. By Franz R. von Hatter.

[Proceed. Imp. Acad. Vienna, January 3, 1861.]

After a close examination of the Prien Valley, which opens into the

Chiem-See, Prof. Emrich admits five subdivisions of the South Ba-
varian Molasse. The lowest is of marine origin, and palaeontologi-

cally parallel to the strata of Alzey on the Rhine. This is imme-
diately overlain by the lignitiferous freshwater or brackish strata of

Miesbach. The third or middle subdivision (Conchiferous Molasse),

of marine origin, with organic remains identical with those of the

Swiss marine Molasse, is overlain by strata containing fossil forms

characteristic of the marine deposits of the Arienna basin. The fifth

or uppermost subdivision is characterized by the presence of fresh-

water Univalves, Melanopskles and Neritince. [Count M.]

On the Devonian and Carboniferous Rocks of Moravia.
By MM. AVolf and Lipold.

[Proceed Imp. Geol. Instit. Vienna, February 26, 1861.]

Messes. "Wolf and Lipold, at the request of the " Wernerian So-
ciety " of Briinn, surveyed in the autumn of 1860 the environs of
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Olmiitz, Eastern Moravia. Crystalline rocks (granite, mica-schist,

argillaceous slates, syenite, phyllites, and varieties of quartzite),

overlain by extensive palaeozoic deposits, are prevalent in the space

comprised between Brunn, Boskowitz, and Olmiitz. Semicrystalline

limestones, including beds of brown iron-ore (Baron Reichenbach's
" Lathon ") are intercalated between the uppermost crystalline and
the older palaeozoic rocks. The nature and subdivisions of these last

rocks have been lately better cleared up by the discovery of some
fossiliferous localities. The oldest palaeozoic strata are overlain by a

zone of limestones, ^ to -| of an Austrian mile in breadth, in fantasti-

cally shaped groups, probably the remains of a once continuous

mountain-range. The presence of Stringocephalus Burtini, a cha-

racteristic Lower Devonian form, allows this limestone to be paral-

lelized with those of the Eifel in the Rhenish System. A narrow zone

of red-and-green-spotted marbles may represent the Clymenian
Limestone of the Upper Devonian series.

Over these lower strata a complex series of alternating slates and
sandstones, comprised hitherto under the general denomination of
" Greywacke," form an extensive plateau, separated northward from

the higher subdivisions by a considerable depression, and sloping

eastward by degrees towards the Miocene and Diluvial deposits.

Some of these slates are worked on an extensive scale between
Olmiitz and Troppau.

Palseontological investigations have now ascertained that this

whole group, hitherto known as Greywacke, belongs in reality to the

lowermost portion of the Carboniferous series, and is analogous to

the so-called " Kulm Strata." Prof. Goppert had already inferred,

from the vegetable remains found in it (especially from Catamites

transitionis), its analogy with the " transition " deposits of Hayni-
chen (Saxony) and with the Posidonomya-slates of Nassau,—a view
subsequently confirmed by the discovery of other vegetable remains

and of Goniatites Crenistria, and recently fully established by the dis-

covery of a most characteristic fossil form, the Posidonomya Beclieri.

Limestones of the Upper Jurassic series occur near Brunn and
Blansko. [Count M.J

On the Mountains South o/Kronstadt, Transylvania.

By Franz Ritter von Hauer.

[Proceed. Imp. G-eol. Instit. Vienna, February 26, 1861.]

The orographical features of this group are quite different from

those of the neighbouring mountains of Fogaras. Instead of a

uniform longitudinal range, they offer the aspect of colossal massifs,

sometimes with extensive plateaux, isolated from each other by deep

valleys, running irregularly in every direction, and sloping towards

the plains and the lower mountain-region at uncommonly steep

angles, so as to form precipices several thousand feet deep. The
altitude of these massifs varies generally between 4100 feet and 5700
feet ; the two highest among them rise, one to 7050 feet, and the

other to 7900 feet.
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A white limestone, probably Jurassic, forming cliffs of grotesque

configuration, and joining north-westwardly the crystalline slates of

the Fogaras Mountains, is the prevailing rock in this mountain-

group. Organic remains lately found by Mr. Stur (among them
Bhynchonella plicatella, Sow., and Terebratula spliceroidalis, Sow.)

are indicative also of the presence of the Brown Jura, a subdivision

the existence of which in Transylvania was hitherto unknown.
Next to the "White Jura in extent and importance, come conglo-

merates of primary rocks, and sometimes enormous boulders of the

white limestones occurring in some isolated localities around Kron-
stadt. These conglomerates remind us, by their prevalent greenish

tints, of the greenish Eocene sandstones of the Alps, and are so con-

nected with the other undoubtedly Eocene conglomerates around

Kronstadt that they must be consequently ascribed to the same early

Tertiary period.

A sandstone, seeming to dip beneath the before-mentioned Jurassic

strata, includes organic remains belonging, as far as they are as yet

recognized, to the Upper Cretaceous fauna. Forms characteristic of

the Lower Cretaceous (Neocomian) strata, as Behmnites dilatatus,

De B., and a large tooth of Splicerodus (probably Splicer. Neocomiensh,

Ag.) have been found among the organic remains of Vallye Drakuluj

near Kronstadt.
[Count M.]

On the Large Tertiary Carnivora of Austria.

By Prof. E. Suess.

[Proceed. Imp. Acad. Vienna, March 7, 1861.]

The Tertiary and Post-tertiary deposits, so important on account of

their organic remains in throwing light on the question, how far

the repeated changes undergone by organic creation are the effects of

changes in the external condition of life, have been during a number
of years an object of sedulous investigation to the palaeontologists of

Vienna, and especially to Prof. Suess, who, at the expense of the

Imperial Museum, explored in 1860 the western borders of the

Vienna basin, and caused the ossiferous deposits of the Baltavar,

near Eisenburg (W. Hungary), to be thoroughly searched on an
extensive scale. This locality, first discovered by M. von Schwaberau,
corresponds in its general features with the well-known deposit of

Pikermi, near Athens, comprising remains of Machairodus, Hycena,

Antilope, a gigantic species of Giraffe, and many other genera. The
determination of the Baltavar fossils has been effectually assisted by
a rich collection of Pikermi fossils lately presented to the Imperial

Museum by Count Breuner-Felsach, formerly Austrian Envoy at

the Court of Greece. Prof. Suess in his paper describes three species,

Machairodus (a genus analogous to the Lion of the present period),

Jiuofua twimia, and Amphicyon intermedins—an animal similar to the

Wolf, only larger in size. [Count M.]
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On the Stratigraphical Succession of the Beds in the Savoy Alps.

By M. Ch. Lory.

[Note sur la constitution stratigraphique de la Haute-Maurienne, par M. Ch.

Lory. Bulletin de la Societe Greologique de France, deuxieme serie, vol. xviii.

p. 34.]

The subject referred to in an abstract contained in tbe ' Quarterly

Journal,' vol. xvii. part 2. (Miscell.) p. 16, has received furtber eluci-

dation in tbe communication of M. Lory, who confirms the deductions

of M. Favre, and considers that the discovery of the Nummulitic
strata underlying the Lias proves the reality of the great overthrow

which has reversed and replicated tbe strata in a manner astonishing

even to those best acquainted with similar minor phenomena else-

where. M. Lory has given general sections of the structure of the

Alps ; . and M. Favre adds a letter and section giving full details of

the striking instance of reversal on a grand scale shown in the

district of St., Jean de Maurienne, which will henceforward become
a typical instance.

[S. R. P.]

On the Paleozoic Bocks of Belgium and the North of France.

By M. Jules Gosselet.

[Memoires sur les terrains primaires de la Belgique, des environs d'Avesnes et

du Boulonnais, par Jules Grosselet: Paris, 1860. Also "Observations," &c,
Bulletin de la Societe Greologique de France, deuxieme serie, vol. xviii. p. 18.]

M. Gosselet has now occupied several years in the careful field-work

and study, tbe results of which are embodied in his Memoir of 1860.

In the subsequent communication to the Society, he gives a resume

of the work. A short abstract of both will justify us in welcoming
this valuable addition to palaeozoic literature, especially in regard to

that portion of it which affects the relationship of the uppermost
Devonian beds to the Lower Carboniferous system. After referring

to the history of the inquiry and paying a just tribute to the excel-

lency of the geological topography of Dumont, he states that be has
ascertained both stratigraphically and palseontologically the existence

of eleven principal divisions, which have a general correspondence

VOL. XVII. PART II. E
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with the divisions of Duraont. These are (reversing his order for

the sake of naturalness, though not altering the enumeration)

—

1. Coal-grits and shales .

]

2. Upper Carboniferous Limestone (Vise) .... I Carboniferous.

3. Lower Carboniferous Limestone (Tournay) .
J

4. Psammites of Condros 1 TT i

5. Slates of Famenne
J

Upper

6. Givet limestone Middle
7. Calceola-slates ~| ^Devonian.

8. Burnot conglomerate I

•Lower
9. Granwac^e'with.LeptcenaMurchisoni

j

10. Conglomerates and roofing-slates J

11. Slates and quartzites, with porphyry Silurian.

No. 1. The productive coal-measures offer nothing worthy of re-

mark save the author's conclusions in favour of the opinion that the

coal-basin of the Boulonnais is the prolongation of that of Mons,
and is not a bed in the Lower Carboniferous series. His reasons will

be found in the Memoir, p. 132.

No. 2. M. Gosselet considers that there is sufficient palaeontologi-

cal evidence for the division (first suggested by M. de Koninck) of

the great mass of limestones and shales below the coal into two
groups, typified by the limestones of Vise and Tournay. He thus

characterizes the former in Belgium :

—

Alum-shales and limestones with Productus carbonarius and
Goniatites diadema.

Limestones with Productus undatus.

Productus-limestone. Productus giganteus, P. sitblcevis, and P.

cora.

Dolomites.

No. 3. Lower Carboniferous Limestone. Tournay.

Nodular or cherty limestone.

Crystalline limestone. Spirifer mosquensis and Sp. semireticu-

latus.

Black limestone with Productus Heberti.

No. 4. Condros psammite.—Between the Carboniferous Limestone
and that of Givet there occurs a great series of coarse slates, grits,

and sandstones, Avhich M. d'Omahus d'Halloy designated by this

name. Duinont separated from them the schists of Famenne ; and,

though he afterwards abandoned the division, M. Gosselet considers

it established. There are several stages of No. 4 ; but the upper-

most Devonian rocks, the Cypridina- and Clymenia-slates, appear to

be everywhere absent. The upper beds at Oetrungt are charac-

terized by Phacops latifrons, Terebratida concentrica, T. hastata, T.

Bolonensis, Spirifer Yerneuilii, Orthis crenistria, 0. aradinoidea, and
Productus scabriculus. The whole group, wherever lime is present,

is abundantly rich in fossils, amongst which Sp. Yerneuilii plays the

most considerable part.

No. 5. The schists of Lamenne are the same as are designated in

the communication to the Society the Terebratida cuboides beds.
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They are well displayed around and within Fort Conde, near Givet,

as follows :

—

Greenish schists with Spirifer Verneuilii.

Black schists with Cardium palmatum.
Schists with limestone-nodules and Terebratula cuboides.

Blue limestone.

Schists with Beceptaculites and Terebratula cequiconvexa.

No. 6. The great Givet limestone is identical with that of Paffrath.

Its characteristic fossils are Macrocheilus arcuatus, Euomphalus
rotida, JRotella heliciformis , Murchisonia coronata, and StringocepTialus

Burtini. Different stages are characterized by different Spirifers.

At Macon (near Chimay) and in the Eifel, Phacops latifrons, Ortho-

ceras nodulosum, Gomphoceras injlatum, Lucina proavia, and Penta-

merus formosus occur.

No. 7. This is a series of argillaceous schists with intercalated

limestones characterized by Calceola sandalina, Spirifer speciosus,

Pentamerus galeatus, and Terebratula primipilaris. In other places

Chonetes minuta, Spirifer cultrijugatus, and Leptcena depressa occur

in different beds of this series.

No. 8. This is a great development of red conglomerate and sandy
grits, comprising paving-stone beds barren of fossils ; but M. Hebert
reports having found at one place within its area Dolabra Har-
dingii, Avicula fascicidata, Productus Murchisonianus, and a Spirifer

like Sp. Bouchardii.

No. 9. This is the " Coblentzien " of Dumont. The coarse rock

to which the well-known and little-liked term of " grauwacke " is

attached contains Phurodictyum problematicum, Leptmna MurcMsoni,
and some Terebratula}.

No. 10. Lastly, the Devonians terminate downwards in a great

series of rocks, principally conglomerate, called by Dumont " gedi-

nien," and separated stratigraphically and mineralogicaily into five

divisions, one of which is fossiliferous and contains Dalmanites,

Homalonotus, Grammysia, two small Spiriferi, Chonetes sarcinidata,

two species of Orthis, Cadaster constellatus, and Tentaculites ornatus.

No. 11. This is the " Ardennais" of Dumont (comprising three

large divisions well characterized mineralogicaily), which, though at

present barren as to fossils, is usually agreed to be Silurian from its

position.

The Memoir contains the author's views as to the correlation of

these groups with the Palaeozoics of other countries, copious lists of

fossils, and is well illustrated by sections.

It is qiute evident that the Lower Devonian rocks are so well cha-

racterized in Belgium that we may obtain from them considerable

light on our own more fragmentary and disturbed deposits. By
identifying one band of the Plymouth limestone with that of Givet,

we may obtain a useful horizon for the middle of the great marine

group constituting the western extremity of our own island.

[S. R. P.]
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On the Accumulation of Detritus in the Steinfeld.

By Lieut.-Col. Jonklar.

[Proceed. Imp. Acad. Vienna, March 14, 1861.]

The plain called " Steinfeld " near Wiener-Neustadt (S. of Vienna)

is in reality a flattened conoidal accumulation of detritus, the apex
of which lies at Wollersdorf at the mouth of the Piesting Valley,

from whence it slopes away in every direction, the angle of incli-

nation being least in the direction of Pottendorf. The maximum
length (2 Austrian or about 10 English miles) is between this place

and Wollersdorf; the maximum breadth (1| Austrian or about 7\
English miles) is between Neustadt and Leobersdorf. There can be

no doubt that the whole accumulation has come out of the Piesting

Valley. A number of careful measurements make its volume to

be 450,387,000 cubic fathoms (the fathom being equal to 216 cubic

feet)—about of the cubic contents of the whole Piesting Valley,

calculated to be 9033 millions of cubic fathoms. If the proportional

densities of the detritus and of solid limestone are taken into con-

sideration, the total mass of this accumulation of detritus may
amount to the thirtieth part, in volume, of the quantity of solid

limestone required to fill up completely the Piesting Valley in its

present extent. [Count M.]

On the Hauyine-rock of Transylvania.

By K. Bitter von Hauer and Director W. Haidinger.

[Proceed. Imp. Geol. Instit. Vienna, May 28, 1861.]

Specimens of hauyine discovered by M. Herhich near Ditro (Tran-

sylvania), have been analysed in the laboratory of the Vienna

Imperial Institute by K. Bitter von Hauer, who found them to con-

tain a notable quantity of chlorine, a substance also stated to occur

in sodalite. This circumstance, together with its granitoid crystal-

lization, assigns to the Ditro mineral its place among the mineral

species or varieties named .Sodalite, Boselite, Ittnerite, Sapphinine,

Spinellan, Hauyne, and Lapis Lazuli. Its colour is between azure

and sky-blue ; its specific gravity 3-318 ; its hardness according to

Mohs' scale 5-5 (between fluor-spar and felspar). The rock for

which Director Haidinger proposes the name of " Hauyne-Bock " is

a granular aggregate of hauyne, orthoclase, cancrinite, ekeolite, and
oligoclase, interspersed with minute particles of black amphibole,

mica, magnetic iron, sphene, calcareous spar, &c. The whole com-
pound, when cut and polished, is conspicuous for its beautiful mixture

of blue, white, grey, and reddish-yellow tints, which, together with

its hardness, makes it, when polished, a very fit material for orna-

mental objects.

MM. Quaglio and Fritsch have begun the regujar exploitation of

this new and fine mineral substance, and intend to send specimens

of it to the London Exhibition of 1862.

[Count M.]
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Gulf of Georgia, 428.

Crustacea, Mr. J. W. Salter on some
of the higher, from the British coal-

measures, 528.

Cruziana Cucurbita, 71.

Undv.avi, 71.

Ctenodonta (Nuctda), from Millepaya,

69.

Cucullella, from Hlampu, 69.

Cupriferous rocks of Bolivia, 43.

Cylindrites elongatus, 509.

fusiformis, 509.

ova lis, 509.

oviformis, 509.

Cypris Liassica ?, 512.

Cyrena fluininahs, Mr. Prestwich on
the occurrence of, near Hull, 446.

, Mr. J. G. Jeffreys on the, 473.

Cythere (Bairdia) ampla, 308.
—— plebeia. 308.

Schaurothiana, 308.

(Cytherideis) Jonesiana, 308.

Dahnally in the Highlands, 217.

Dalnacardoch in the Highlands, 221.

Daubree, M., award of the Donation-
fund to, xxx.

Dawson, Dr. J. W., on a Carpolite

(Trigonocarpum Hookeri) from the

coal-formation of Cape Breton, 525 ;

on an erect Sigillaria from the South
Joggins, 2iova Scotia, 522 ; on an
undescribed fossil fern from the

lower coal-measures of Nova Scotia,

5.

Dentahum Sorbyi, 302.

Denudation of soft strata, the Rev. O.
Fisher on the, 1.
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Devonian rooks ofPeru andEolivia, 51;

of the Rocky Mountains, 442.

Diagram of a restored Pteraspis, 165.

Diluvial formations of iiolivia and
Peru, 9, 17.

Dioritic rocks of Bolivia and Peru, 29.

Discina Townshendi, 499.

Dolomite atWarmsworth Quarry, near

Doncaster, 291.

Donations to the Library, xii, 114,

241, 369, 556 ;
Museum, x.

Doncaster, the small-grained dolomite

near, 291.

Donegal, the metamorphic rocks in

the county of, 268.

Drew, P., Esq., on the succession of

rocks in the Hastings Sand in the

northern portion of the Wealden
Area, 271.

Drift of the Pacific coast, Vancouver
Island, North America, 406.

Dulwich, Mr. C. Rickman on the sec-

tions at, 6.

Dunkeld and Blair Athol, 262.

Dun Tolleah Hills in the Highlands of

Scotland, sectional view of the, 196.

Durham, Permian beds of, compared
with those of South Yorkshire, 296,

316.

Durine limestone, 86.

Dykes, J. W., Esq., on the increase of

land on the Coromandel coast,

553.

Earthquake at Mendoza, the occur-

rence of an, 553.

Elevations and depressions of the earth

in North America, 381.

Elphin and Craig-a-Chnockan, 101.

Estheria minuta, 512.

Everest, Rev. R., on the lines of deepest

water around the British Isles, 534.

Favosites (?) from Oruro, 66.

Fern?, rhizome of «, from Mangali,

340.

Eisher, the Rev. O., on the denudation

of soft strata, 1.

Fitzgerald River in Western Australia,

section of the strata on the, 481.

Elint implements in beds of post-

pliocene gravel and clay,Mr.J.Prest-

wich on, 362.

Eohation and stratification of the cry-

stalline rocks of the Highlands,

232.

Eontan, M. A.., on two bone-caves in

the Montagne du Ker at Massat, in

the department of the Ariege, 468.

Eorbes, D., Esq., on the geology of

Bolivia and Southern Peru, 7.

Forfar and Kincardine, the Rev. H.

Mitchell on the Old Red Sandstone
of, 145.

Forfarshire, Mr. J. Powrie on the Old
Red Sandstone of, 534.

Fort Edmonton, Rocky Mountains,
sections near, 424.

Fossil fern from the lower coal-mea-

sures of Nova Scotia, Dr. J. W.
Dawson on, 5.

Fossil flora of New South Wales, 343,

349, 354 ; of Central India and
Bengal, 325, 350.

Fossil plants from Nagpnr, Centra
India, 325.

Fossils at Dulwich and Peckham, 6

;

at Kelsey Hill, near Hull, list of,

by Mr. J. G. Jeffreys, 447 ; found
in the Worcester and Hereford
railway cuttings, Mr. Salter on the,

161 ; from the Andes, 62 ; Ludlow
bone-bed, 549 ; Western Australia,

482 ; of the chalk-rock, 167; Indian
plant-bearing sandstones and coal-

fields, 342, 349 ; Rhffitic beds, 498.
Frant, section in the Ashdown sand

at Riverdale, near, 286.
Frome, Rhsetic fossils found near, 499.
Gairloch in the Highlands, 102.

Geikie, A., Esq., and Sir R. I. Mur-
chison on "the altered rocks of the
Western Islands of Scotland, and
the north-western and central High-
lands, 171.

Geology of Bohvia and Southern Peru,

7 ; the country between Lake Su-
perior and the Pacific Ocean, Dr.
Hector on the, 388.

Georgia, the Gulf of, cretaceous strata

of Vancouver Island and, 428.
Gervilha antiqua, 303.

keratophaga, 304.

ornata, 500.

precursor, 500.

Gesner, Dr., on elevations and depres-
sions of the earth in North America,
381.

Glasven in the Highlands, 95.

Glen Beg in the Highlands, 226
; Coe,

215, 266; Lyon, 219, 239, 260,

265; Orchy, 216; Shee, 226;
Spean, 213 ;

Tilt, 222.

Glossopteris ?, 333.

Browniana, var. Australasica,

329.

, var. Inclica, 326.

leptoneura, 330.

mztscefolia, 329.

stricta, 331.

Gloucestershire and Warwickshire,
sections of the White Lias hi, 494.
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Gold-washings on the River Chuquia-
guillo, near La Paz, 12.

Grampians, eastern flanks of the, 227.

to the Firth of Tay, section from
the, 536.

Granite boulders in West Rosewarne
Mine, Cornwall, Mr. H. C. Salmon
on large, 517.

Gravelly deposits of Bolivia and Peru,
17.

Great Glen, the, or Caledonian Canal,
205.

Greenstone of Knapdale, 140.

Gregory, F. T., Esq., on the geology
of a part of Western Australia, 475.

Grinstead Clay, 280.

Hamilton, W. J., Esq., reply on re-

ceiving for Prof. Bronn the Wollas-
ton Medal, xxix.

Hampole, Yorkshire, 312.
Hand Hills, Rocky Mountains, section

from the Red Deer River to the, 418.
Harkness, Prof. R., on the rocks of

portions of the Highlands of Scot-

land south of the Caledonian Canal

;

and on their equivalents in the north
of Ireland, 256.

Harley, J., Esq., on the Ludlow Bone-
bed and its Crustacean remains, 542.

Hastings Sand, Mr. F. Drew on the,

271.

Hector, Dr. J., on the geology of the
country between Lake Superior and
the Pacific Ocean, visited by the

Government Exploring Expedition
under the command of Capt. J.

Palliser (1857-1860), 388.

Heights of mountains in Bolivia and
Peru, 8.

Highlands of Scotland, Mr. T. F.

Jamieson on the south-westem,
133 ; Prof. Harkness on the rocks
of portions of, 256 ; Sir R. I. Mur-
chison and Mr. A. Geikie on the
altered rocks of the, 171.

Hisiop, the Rev. S., on the age of the
fossiliferous thin-bedded sandstone
and coal of the Province of ]Sagpur,

India, 346.

Homalonottts, from IUampu, 66.

Linares, 66.

Horner, L., Esq., vote of thanks to,

533.

Horner, L., Esq. (President), address

on presenting the Wollaston-medal
to Mr. W. J. Hamilton for Prof.

Bronn, xxvii ; and to Sir R. Mur-
chison on handing to him the residue

of the Wollaston-fund for M.
Daubree, xxx ; anniversary address,

February 15, 1861, xxx ; Notices of
deceased Felloios : The Rev. Prof.

Baden Powell, xxxi; Mr. P. J.

Martin, xxxii ; Prof. Dr. J. F. L.

Hausmann, xxxiv ; national geo-

logical survey, xxxiv ; Mr. Darwin
' On the Origin of Species,' xxxix

;

and the criticism thereon by Prof.

Huxley, xxxix ; chemical geology,

xl
;

experiments by Sir James
Hall, xli; and by Dr. Gustav
Rose, xlii ; Prof. Hausmann on
some products obtained from smelt-

ing-furnaces by condensation of

steam, xlii ; ' Lehrbuch der che-

mischen und physikahschen Geo-
logie,' by Prof. Gustav Bischof,

xhv
;

Becquerel on the formation

of minerals by the agency of water,

xlv ; Scheerer on the plutonic

nature of granite, xlv ; Elie de

Beaumont's 'Sur les emanations
volcaniques et metalliferes,' xlv

;

M. Daubree's observations and
synthetic experiments on the agency

of water in effecting changes in

rocks, xlv and lii
;
metamorphism

as defined by Sir Charles Lyell,

xlix ;
Coquand's ' Traite des

Roches' referred to, xlix ; M. Delesse

on normal or general, and abnormal
or special metamorphism, 1 ; Dau-
bree, Bunsen, and Naumann on me-
tamorpliic rocks, liv ; relation of

gneiss and granite, lvi ; evidence of

the early existence of the human
race, lx ; discoveries of implements

of human workmanship associated

with bones of extinct quadrupeds,

by Dr. Falconer, Mr. Prestwich,

M. Boucher de Perthes, M. Gaudry,
M. Buteux, M. Beaudoin, M. de
Verneuil, M. E. Collomb, M. Lartet,

Mr. John Evans, Mr. Flower, and
M. de Vibraye, Ixi; observations

made by M. Elie de Beaumont, Prof.

Phillips, the President, M. Lartet,

and M. le Vicomte d'Archiac, lxiii

;

by Dr. Falconer, Baron Anca, and
Capt. Spratt, lxvi ; modern dis-

coveries in ethnology and philology,

lxvii
;

questionable authority for

the date " 4004 B.C." inserted in

the Bible, lxviii ;
conclusion, lxx

;

and appendix, on the antiquity of

man, from the evidence of language,

lxxi.

Horsham, Weald-clay at, 284.

Hull, Cyrena flununalis in sand and
gravel near, 446.
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Human teeth found in the upper
cavern of the Montague du Ker,

470.

Huxley, Prof. T. H., on a new species

of Macrauchenia, 73 ; on Pteraspis

Dunensis, 163 ; on some reptilian

remains from north-western Bengal,

362.

llminster, Lias and Rhsetic beds at,

485.

Increase of land on the Coromandel
coast, 553.

Ireland (North of), Prof. Harkness on
the rocks of, 256 ; Permian fossils

of, 322.

Irwin River, Western Australia, the

coal-seams on the, 481.

Islay and Jura, the older rocks of,

206, 207.

Jamieson, T. E., Esq., on the structure

of the south-west Highlands of

Scotland, 133.

Jeffreys, J. G., Esq., on the Corbieula

(or Cyrena) fluminalis, geologically

considered, 473 ; list of the fossils

at Kelsey Hill, near Hull, by, 447.

Joass, the Rev. J. M., on the occur-

rence of Old Red Sandstone fishes

at Edderton, Ross-shire, 553.

Jura, Scotland, the rocks of, 140, 207.

Kelsey Hill, near Hull, the Cyrena
fluminalis at, 447.

Kent, flint implements found in, 365.

Kincardineslme, the Rev. H. Mitchell

on the Old Red Sandstone of, 145.

Kirkby, W., Esq., on the Permian
rocks of South Yorkshire ; and on
their palseontological relations, 287.

Kirkbya Permiana, 308.

Knap and North Curry, sections at,

486.

Knapdale, the geology of, 138.

Knorria? (Conifer?), 340.

Kota on the Pranhfta, India, 348.

Lacustrine deposit under the river

Souri, 409.

Lake Superior and the Pacific Ocean,

Dr. J. Hector on the geology of the

country between, 388.

Lake Titicaca, the carboniferous basin

of, 49.

Lambert, A., Esq., and the Rev. W.
S. Symonds on the sections of the

Malvern and Ledbury Tunnels, 152.

Lancashire, Permian fossils of, com-
pared with those of South York-
shire, 320.

Languedoc, bone-caves in, 468.

La Roche Percee, in the valley of the

Souri River, 408.

Lartet, M. E., on the bone-caves at

Massat, Languedoc, 473.

Laurentian gneiss of the Hebrides
and north-western Highlands, 172.

Leda speluncaria, 306.
Titei, 503.

Ledbury Tunnel, sections in, 154,
159.

Lewis, Cambrian conglomerate of the,

175
;
gneiss of the, 172.

Lias, the corals of the, 151.
Library Committee, report of the, ii.

Lignite at La Roche Percee, in the
valley of the Souri River, 408 ; of
the Red Deer River and Saskatche-

wan, 418, 421.

Lima prcecursor, 500.

Lines of deepest water around the
British Isles, the Rev. R. Everest on
the, 534.

Limine Loch, 211.

List of objects found in two bone-
caves in Languedoc, 472.

Loch Ailsh, 99, 198 ; Auchall, 183
;

Broom, 102, 184; Carron, 105,

197 ;
Duich, 198 ;

Earn, 258

;

ErriboU, 88 ; G-len Coul, 94 ; Glen
Dim, 94; Hourn, 202; Leven,
214 ;

Maree, 102, 190 ; More, 93

;

Ned, 188
;
Quoich, 202

;
Rannoch,

220; Tay, 219, 260; Torridon,

105 ;
Treig, 265.

Lough Foyle, Donegal, 268.

Lower coal-measures of Nova Scotia,

Dr. J. W. Dawson on a fossil fern

from the, 5.

Lower Lias and Rhsetic beds, Mr. C.

Moore on the, 483.

Ludlow Bone-bed and its Crustacean

remains, Mr. J. Harley on the,

542.

Lyme Regis, sections of the "White

Lias at, 494.

Macrauchenia JBoliviensis, Prof. T.

H. Huxley on the, 173.

Macrodon striatus, 306.

Macrurous Crustaceans from the coal-

measures and carboniferous lime-

stone, 531.

Malvern Tunnel, sections in, 154, 156,

157.

Mangali, India, plant-beds of, 347

;

plants from, 340.

Marine shells in sand and gravel near

Hull, 446.

Massat, bone-caves at, 468.

Mendoza, South America, the occur-

rence of an earthquake at, 553.

Metamorphic rocks of the county of

Donegal, 268.
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Mexican frontier, section of creta-

ceous strata on, 413.

Miliola pusilla, 308.

Mineral-veins of Bolivia and Peru,

31, 60.

Mitchell, the Rev. H., on the position

of the beds of the Old Red Sand-

stone developed in the counties of

Forfar and Kincardine, Scotland,

145.

Modiola minima, 505.

Montague du Ker, with the upper and
lower caverns, 470.

Montlivaltia from Beer-Crowcombe,
511.

Moore, C, Esq., on the zones of the

Lower Lias and the Avicula con-

torta zone, 483.

Moorhouse, Yorkshire, 312.

Murchison, Sir R. I., appendix to the

paper on the altered rocks of the

Western Islands and Highlands of

Scotland, 228 ;
reply on receiving

for M. Daubree the Donation-fund,

XXX.

Murchison, Sir R. I., and A. Geikie,

Esq., on the coincidence between
stratification and foliation in the

crystalline rocks of the Scottish

Highlands, 232; on the altered

rocks of the Western Islands of

Scotland, and the north-western and
central Highlands, 171.

Murray, C, Esq., notice of the occur-

rence of an earthquake in Mendoza,
Argentine Confederation, South
America, 553.

Museum Committee, report of the,

iL

3Iyacites striato-granv.lata, 506.

Myalina Hausmanni, 304.

Myoconcha costata, 304.

Myophoria postera, 507.

Nagpur, Central India, notes by Sir

C. J. F. Bunbury on a collection of

fossil plants from, 325 ; the Rev.

S. Hislop on the age of the fossili-

fcrous thin-bedded sandstone and
coal of the province of, 346.

Naiadita acuminata ?, 512.

Nanaimo, geology of, 431.

J^aiica minima ?, 302.

Oppellii, 510.

Nautilus Freieslebeni, 297.

New Brunswick, terraces near Wood-
stock, 385.

New Jersey, the cretaceous rocks of,

413.

New South Wales, fossil flora of,

343, 349, 354.

Nicol, Prof. J., on the structure of the

north-western Highlands, and the

relations of the gneiss, red sand-

stone, and quartzite of Sutherland
and Ross-shire, 85.

Nitrate of soda of Bolivia and Peru,
14.

JSfoeggerat7iia? (Cyclopteris ?) His-

lopii, 334.

North America
;
T3r. A. Gesner on eleva-

tions and depressions of the earth

in, 381; Dr. J. Hector on the

geology of .a part of, 388.

North Curry and Knap, sections at,

486.

Nova Scotia, a fossil fern from the

lower coal-measures of, 5 ; an erect

SigiUaria from the South Joggins,

522.

Old Red Sandstone at Edderton,

Ross-shire, discovery ' by Rev. J.

M. Joass of fossil fishes in the,

553.

of Forfar and Kincardine, the

Rev. H. Mitchell on the, 145.

of Forfarshire, Mr. Powrie on
the, 534.

Oolitic rocks of Bolivia and Peru,

32.

Orthis Aymara, 68.

Orthis, from Millepaya, 69 ; from
Oruro, 64.

Ostreafimbrlata, 501.

interstriata, 501.

Pakeocrangon socialis, 533.

Palaeozoic rocks of the eastern axis,

North America, 436 ;
Rocky Moun-

tains, 442.

Patella or Pileopsis(P) from Millepaya,

70.

Paull Cliff, near Hull, section at,

452, 453.

Pecopteris?, 331,

Pecten Valoniensis, 501.

Permian fossils of Lancashire, 320

;

of Ireland, 322.

Permian or Triassic rocks of Bolivia

and Peru, 36.

Permian rocks and fossils of South
Yorkshire, Mr. W. Kirkby on the,

287.

strata of Durham and South
Yorkshire, tabular view of the,

298.

Peru (Southern), Mr. D. Forbes on
the geology of Bolivia (with 3

plates), 7.

Phacops (Cryphaus) Penilandii, 65.

latifrons, 65.

Phyllotheca Indica, 335.
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Pibsbury, Somersetshire, section at,

490, 491.

Pickburn, Yorkshire, 313.

jPlacunopsis alpina, 500.

Plan of the Valley of Massat, 469.

Playfair, Capt. R. L., on the outburst

of a volcano near Edcl, on the

African coast of the Red Sea, 552.

Pleuropliorus angulatus, 503.

elongatus, 502.

Pollicipes Rhaticus, 512.

Pontefract sandstone, 295.

Powrie, J., Esq., on the Old Red
Sandstone rocks of Eorfarshire,

534.

Prairie-country(North America)
,
gene-

ral physical features of, 390.

Prestwich, J., Esq., on some further

discoveries of flint implements in

beds of post-pliocene gravel and
clay, 362 ; on the occurrence of

Cyrena fluminahs, together with

marine shells of recent species, in

beds of sand and gravel near Hull,

446.

Pteraspis, diagram of a restored, 165.

Dunensis, Prof. T. H. Huxley on,

163.

Pteromya Crowcombeia, 506.

simplex, 506.

Punjab, Mr. J. D. Smithe on the

gravel and boulders of the, 163.

Quoich Lodge, in the Highlands, sec-

tion at, 203.

Rajmahal Hills, India, plant-beds of,

349.

Reconstructed bed on the top of the

Chalk, Mr. Whitaker on a, 527.

Reculvers to Whitstable Bay, Kent,

coast-section from, 364 ; flint im-

plements found at, 365.

Red Deer River to the Hand Hills,

section from the, 418.

Report, Annual, i ; of the Council, i
;

Library and Museum Committee, ii.

Reptilian remains from North-western
Bengal, Prof. Huxley on some, 362.

Retepora Ehrenbergi, 307.

Rhsetic beds of the South of England,
483.

Rickman, O, Esq., on the sections of

strata exposed in the excavations at

Dulwich, with notices of the fossils

found there and at Peckham, 6.

Missoa Leighi, 300.

Rocky Mountains, geology of the, 440.

Ross-shire, Laurentian gneiss of, 176.

Rothliegendes of Pontefract, 295.

Saline formations of Bolivia and Peru,

13.

Salmon, H. O, Esq., on the occurrence

of large granite boulders at a great

depth, in West Rosewarne Mine,

Grwinear, Cornwall, 517.

Salter, J. W., Esq., on some of the

higher Crustacea from the British

coal-measures, 528 ; on the fossils

found in the Worcester and Hereford

Railway cuttings, 161; on the fossils

from the High Andes collected by
D. Forbes, Esq., 62.

Saltford, section of the White Lias at,

492.

Sandstone and Coal of Nagpur, India,

the Rev. S. Hislop on the age of the,

346.

Sargoclon tomicus, Plate xv. fig. 1, 498.

Saskatchewan River, sections on the,

421, 424.

Schiehalhen, Perthshire, 221.

Scotland, Mr. T. E. Jamieson on the

structure of the South-west High-
lands of, 133 ; Sir R. I. Murchison
and Mr. A. Greikie on the altered

rocks of the Highlands of, 171 ; the

Rev. H. Mitchell on the Old Red of

a part of, 145 ; Mr. J. Powrie on the

Old Red of a part of, 534.

Scott, M. W. T,, Esq., on the "Symon
fault " in the Coalbrook-dale coal-

field, 457.

Scuir Dhu, in the Highlands, section

of, 194.

Section across Loch Maree at Letter-

Ewe, 177 ; the vallev of the Lark,

Suffolk, 364; Ouse,'near Bedford,

364 ; along Bow River, Rocky
Mountains, 442 ; Dead-man River,

Rocky Mountains, 427 ; the North
side of Loch Broom, 184 ; at Corry
Hotirachan, in the Highlands of

Scotland, 187 ; at Craig-an-Kuochan

,

180 ; Loch Maree, 191 ; Loch Ned,

188 ; Paull Cliff, near Hull, 452

;

Pibsbury, Somersetshire, 490, 491

;

Shepton-Mallet, Somersetshire, 515

;

Stoke St. Mary, near Taunton, 489,

490 ; Strath-Kennort, in the High-
lands, 182 ; Street, Somersetshire,

489 ;
Westbury-on- Severn, 493 ;

from Ben-y-Gloe Mountains and
Strath Ardle, 263 ; Callender to

Loch Earn, 258 ; Dunkeld to Blair

Athol,262; G-len CoetoBaUahulish,

266 ; Grlen Lyon to Loch Treig, 265

;

Jura to Rothesay, 135 ; Loch Earn
to Loch Tay, 260 ; Loch Tay to

Grlen Lyon, 260; Loch Torridon
across Loch Maree, 191 ; Malin
Head to Inishowen, North of Ire-
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3, 268 ; Reculvers to Whitstable

h.j, in Kent, 364; Skye to the

south end of the Great Glen, in the

Highlands of Scotland, 206 ; the

Missouri, westward, 413 ; Red Deer
River to the Hand Hills, 418 ; in

Ledbury Tunnel, showing the fault,

159 ;
Sleat, 201 ; the Ashdown

Sand, at Riverhall, near Frant, 286

;

near Elphin, N.W. Highlands, 101

;

Erriboll House, 92 ; Loch Carron,

106 ; Loch Ailsh, 100 ; in the Loch
Torridon and Loch Carron country,

104 ; of a gravel-pit at Biddenham,
Beds, 367; Assynt, N.W. High-
lands, 96 ; Ben £y and Leagacb,

105 ;
Camas-an-duin, Loch Erriboll,

88 ; cretaceous strata on the Mexi-
can frontier, 413; Drimn-an-tenigh,

Loch Erriboll, 89 ;
Glasven, 95 ;

Schiehallien, Perthshire, 221 ; Scuir

Dim, 194 ; Sutherland and Ross, 86;

the Ardsheal Peninsula, 266 ; Car-

boniferous basin of Lake Titicaca,

49; " Chalk-rock " in Surrey, 169 ;

Wiltshire, 167 ; coal-seams on the

Irwin River,Western Australia, 481 >

Corocoro copper-mines, 41 ; Creta-

ceous System as developed in British

North America, 412; Cretaceous

rocks of New Jersey, 413 ; Dien Tol-

leah Hills, Highlands, 196 ; Durine
District, 87 ; east side of Lough
Foyle, Donegal, 268 ; exterior range

of theRocky Mountains, 427; Island

of Islay, 206
;

Seil, 212 ; Old Red
Sandstone in Forfarshire, 536 ; Per-

mian strata in South Yorkshire, 290

;

right bank of the Saskatchewan
River, 421 ; strata in the Coalbrook-

dale Coal-field, 464 ; terraces near

Woodstock, New Brunswick, 385 ;

Tertiary Lignite group in the Yalley

of the Souri River, 408
;
Tunbridge

Wells Sand, near Strawberry HilL

286 ; the Wealden Formation on the

north side of the Weald, 276

;

White Lias at Salt ford, 492; Steven's

Hill, Long Sutton, 491 ; on Loch
Maree, N.W. Highlands, 104; the

Fitzgerald River in Western Austra-

lia, 481 ; North Saskatchewan, 410

;

South Saskatchewan, 395 ; south

side of Loch More, N.W. Highlands,

93 ; Worcester and Hereford Rail-

road, including the Malvern and
Ledbury Tunnels, 154 ;

through

Sleat in* Skye, 200.

Sections across Western Australia, 481

;

at Batheaston and Paulton, near

Bath, 492, 493; Dulwich, 6; II-

minster and Beer-Crowcombe, 485 ;

Kelsey Hill, near Hull, 447, 454;
North Curry and Knap, 486 ; the

stations along the Holderness Rail-

way, 456 ; in the Malvern Tunnel,

156, 157 ; West Rosewarne Mine,
Cornwall, 518; near Hedon, between
Huh and Kelsey Hill, 455; ofWhite
Lias at Lyme Regis, 494 ; in Glou-

cestershire and Warwickshire, 494

;

on the Saskatchewan River, North
America, 421, 424, 426.

Seil, section of the Island of, 212.

Selwyn, Capt., sections in the Malvern
Tunnel by, 156, 157.

Shepton-Mallet, section at, 515.

Sigiilaria Brownii, from the South
Joggins, Nova Scotia, 522.

Silurian rocks of Bolivia and Peru,

53 ; British North America, 439 ; of

the Highlands, 134, 180.

Sketch of a boulder on the plains

south of Carlton, 396.

Sketch of the gold-washings on the

River Chuquiaguillo. near La Paz, 21.

Skye, older rocks of, 107, 199.

Sleat (Skye), section in, 201.

Smithe, J. D., Esq., on the gravel and
boulders of the Punjab, 163,

Somersetshire, sections of White Lias

in, 489, 490, 491, 492, 493.

South Joggins, Nova Scotia, Dr. J. W.
Dawson on an erect Sigiilaria from
the, 522.

South-west Higldauds of Scotland, Mr.
T. F. Jamieson on the structure of

the, 133.

South Yorkshire, tabular view of the

Permian strata of Durham and, 298.

Spittal of Glenshee, 226, 235.

Squaloraia, 499.

Stems ofplants, 340.

Stenopora Maekrothi, 307.

Steven's Hill, Long Sutton, section of

White Lias at, 491.

Stoke St. Mary, near Taunton, section

at, 489, 490.

Straparollus Permianus, 302.

Suessii, 511.

Strath Ardle, Highlands of Scotland,

263.

Strath-Kennort, section of south 6ide

of, 182.

Stratification and foliation in the cry-

stalline rocks of the Scottish High-

lands, Sir R. I. Murchison and Mr.
Geikie on the coincidence between,

232.

Street, Somerset shire, section at, 489.
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Suffolk, discovery of flint implements
in gravel at Rainpart Hill and
Home in, 363.

Superficial deposits in the country be-

tween Lake Superior and the Pacific

Ocean, 392.

Symonds, the Rev. W. S., and A. Lam-
bert, Esq., on the sections of the

Malvern and Ledbury Tunnels
(Worcester and Hereford Railway)

and the intervening line of railroad,

152.
" Symou faidt " in the Coalbrook-dale

coal-field, Mr. M.W. T. Scott on the,

457.

Table of British "Rhsetic" fossils, 513;
fossils occurring in the Lower Old
Red Sandstone, 146 ; heights of

mountains in Bolivia and Peru, 8 ;

the Old Red Sandstone of Scotland,

149 ; the Permian fossils ofDurham
and South Yorkshire, 310, 318 ; the

Permian strata ofDurham and South
Yorkshire, 298.

Tceniopteris danceoides ?, 332.

Tentaculites Saienzii, 67.

supremus, 67.

Terebratula elongata, 306.

Terraee-deposits of the Rocky Moun-
tains, age of the, 405.

Terraces in California, 404 ; the valley

of Kicking-horse River, Rocky
Mountains, 402 ; of the Lake Supe-

rior Basin, 393.

Tertiaries on the eastern slope of the

Missouri Coteau, North America,

407.

Tertiary formations of Peru, 9.

Thamniscus dubius, 307.

Tilehurst, Berks, reconstructed bed on
the top of the Chalk at, 527.

Tongue, sandstone and quartzite of,

92.

Tookey, Mr. O, analysis of the Lignite

from the valley of the Souri River

by, 409.

Triassic or Permian rocks of Bohvia
and Peru, 36.

Trigonocarpum Hookeri, from the

coal-formation of Cape Breton, 525.

Trochus nudus, 510.

TValtonii, 510.

Tunbridge Wells, Weald-clay near,

273.

Tunbridge Wells Sand, 274, 279, 280.

Turbo Helicinus, 297.

Turritella Altenburgensis, 300.

Tyndrum in the Highlands, 218.

Valleys of Essex, the Rev. O. Fisher
on the, 1.

Vancouver Island and the Gulf of

Georgia, Cretaceous strata of, 428

;

Drift of, 406.

Vertebraria ?, 338.

Volborth, Dr. A., on Conodonts in the

Ludlow Bone-bed, 551.

Volcanic rocks of Bohvia and Peru,
22.

Volcano near Edd, the outburst of a,

552.

Vote of thanks to L. Horner, Esq.,

533.

Wadhurst Clay, 275, 279.

Warmsworth Quarry, near Doncaster,

the small-grained dolomite at, 291.

Weald Clay, Hastings Sand, and Ash-
burnham beds, Mr. F. Drew on the,

272.

Wealden area, Mr. F. Drew on the

succession of beds in the Hastings
Sand in the northern portion of the,

271.

Westbury-on-Severn, section at, 493.

Western Australia, Mr. F. T. Gregory
on the geology of a part of, 475.

Western Islands of Scotland, Sir R. I.

Murchison and Mr. A. Geikie on the

altered rocks of the, 171

.

Whitaker, W., Esq., on a reconstructed

bed on the top of the Chalk, and un-

derlying the Woolwich and Reading
beds, 527 ; on the Chalk-rock, the

topmost bed of the Lower Chalk, in

Berkshire, Oxfordshire, Bucking-
hamshire, &c, 166.

White Lias in Gloucestershire and
Warwickshire, 495 ; in Somerset-

shire, 486.

Whitstable Bay, coast-section from
Reculvers to, 364.

Wollaston Donation-fund, award of

the, xxx ;
Medal, xxvii.

Woodstock, New Brunswick, terraces

near, 385.

Yuccites ?, 341.

Zones of the Lower Lias and the Avi •

cula contorta zone, Mr. C. Moore
on the, 483.

THE END.
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