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ERRATA ET CORRIGENDA. 

Page xxxvi, line 21 from bottom, far Hereford read Sleaford: : 
18, line 25, for gigantea read squamosa. 
21, line 18 from bottom, for gigantea read squamosa. 
23, lines 12 and 20 from bottom, for Hussied read Husseid. 
23, line 19 from bottom, for Bukel read Birket. 
25, lines 8, 15, and 23, for Gamnal read Gammal. 
31, line 12, for conchoidal read conoidal. 
38, line 10 from bottom, for Fall read Bath. 
41, line 16 from bottom, for cuneiform read cruciform. 
44, line 12, for Accumulation vead A circulation. 
44, line 23, for Jerzoch read Jenzsch. 
44, line 8 from bottom, for Nagh el Bader read Nagb el Bédra. 
45, line 5, line 9 from bottom, and in note, for Nagh el Bader read Nagb 

el Bédra. ° 
61, last line of description of figure, for pentagraph read pantograph. 
62, line 4 from bottom, for 4 read 5, 
63, line 11, for 3 read 5. 
63, line 19 from bottom, for 5 read 4. 
63, line 13 from bottom, for irver read river. 
70, line 9 from bottom, and 
71, line 19, after H insert Plate V. 
76, line 9, for (C) read (EB). 
77, line 19, after gravel add and alluvium. 
78, line 9, after B insert fig. 9. 
79, line 1, for is read slopes. 
86, line 4, after d add fig. 17. 
86, line 12, for 19 read 17, and for VI. read VIII. 

124, line 4, dele A. 
128, line 6 from bottom, for Robertsonii read Robertsont. 
173, second footnote, for ii. read xi. 
191, line 8 from bottom, for 280 feet read about 200 feet. 
215, line 2 from bottom, for underlying read later than the. 
252, footnote, last line but one, for Calamopity read Calamopitys, 
383, line 4 from bottom, dele and. 
400, first footnote, for Mason Wood read Wood Mason. 
406, line 12, for rainfull read rainfall. 
432, line 4, after Kent insert Surrey. 



GEOLOGICAL SOCIETY OF LONDON. 

ANNUAL GENERAL MEETING, FEB. 19, 1869. 

REPORT OF THE COUNCIL FoR 1868. 

Tue Council of the Geological Society, in presenting their Report 
for the year 1868, have again to congratulate the Fellows on the 
prosperity of the Society, although the increase in the number of 
Fellows has not been so great as in some previous years. 

The number of new Fellows elected was 46, of whom 36 paid 
their fees before the end of the year, making with 10 previously 
elected who paid their fees in 1868 an effective increase of 46 
Fellows. Against this must be placed the loss of 18 by death, and 
of 5 by resignation, giving a net increase of 23 ordinary Fellows. 
The number of Contributing Fellows is now 487. 

The death of 1 Foreign Member and of 4 Foreign Correspondents 
was announced in 1868. The latter have been replaced by 1 Foreign 
Correspondent elected during the year, and 3 elected since its close. 

The total number of Fellows and Foreign Members and Corre- 
spondents of the Society at the end of 1867 was 1185; and at the 
end of 1868, 1204. 

The Council have much gratification in reporting that the income 
of the year 1868 has exceeded the expenditure by £11 7s. 8d., the 
total Receipts being £2037 16s. 4d., and the total Expenditure 
£2026 8s. 8d. This result is especially a subject of congratulation, 
inasmuch as the-greater part of the cost of a supplementary Number 
of the Journal for 1867, and the Law Expenses incurred by the 
Council in claiming exemption from parish rates, amounting in all 
to nearly £200, are included in the expenditure of 1868. 

The Council have to announce the completion of Vol. XXIV. of 
a 
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the Quarterly Journal, and the publication of the first part of Vol. 
XXY. 

The Council have also the pleasure of announcing that Mr. G. W. 
Ormerod having prepared a revised edition of his valuable Index 
to the various publications of the Society, in which the references 
are brought down to the end of last year, has presented the MS. to 
the Society. As nearly all the copies of the first edition of this 
Index have been sold, the Council did not hesitate about printing 
this new edition, a portion of which is already in type. The volume 
will be published as soon as possible. 

The Council have to report that, in consequence of his appointment 
to the Secretaryship of the Royal Agricultural Society, Mr. Jenkins 
resigned his position as Assistant Secretary at the end of last year. 
After the consideration of the qualifications of several Candidates, 
the Council decided on electing Mr. W. 8. Dallas to the vacant post. 
At the same time Mr. Skertchly also resigned his appointment as 
Assistant in the Library; and the Council have appoined Mr. F. H. 
Waterhouse as his successor. 

The Committee appointed by the Council to discuss and report 
upon the duties of the Assistant Secretary, embodied in their Report 
certain recommendations with regard to the future management of 
the Museum, which would render it unnecessary any longer to em- 
ploy an Officer entirely in the Museum. These recommendations 
having been adopted by the Council, Mr. W.8. Mitchell, the present 
Assistant in the Museum, will cease to hold that appointment after 
the 31st March next. 

The Council have awarded the Wollaston Medal to Henry 
Clifton Sorby, Esq., F.R.S., F.G.S., in consideration of his patient 
and laborious investigations in the various departments of Physical 
Geology, and especially of his researches into the structure of Rocks, 
Minerals, and Meteorites. 

The Balance of the proceeds of the Wollaston Fund has been 
awarded to William Carruthers, Esq., F.L.S., F.G.S., in aid of his 
valuable investigations in Fossil Botany, which have already led him 
to such important results. 

Report of the Library and Museum Committee, 1868-69. 

The Inbrary. 

‘The Standing Library-Committee have continued from time to 
time to make additions to the Library by the purchase of such books 
as they thought would prove useful to the Fellows; and amongst 
these the following works may be noted :— 

Lecoq’s ‘ Epoques Géologiques de l Auvergne,’ in 5 vols.; Alphonse 
Milne-Edwards’s ‘ Recherches Anatomiques et Paléontologiques sur 
les Oiseaux fossiles de la France,’ of which 22 parts are published ; 
H. C. Weinkauff’s ‘Conchylien des Mittelmeeres, ihre geographische 
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und geologische Verbreitung,’ 2 vols; the continuation of L. Reeve’s 
‘Conchologia Iconica;’ H. Abich’s ‘ Geologische Beobachtungen auf 
Reisen in der Gebirgslindern zwischen Kur und Araxes ;’ Professor 
Gervais’s ‘ Recherches sur Ancienneté de Homme et la période 
Quaternaire ;? Stoppani’s ‘ Paléontologie Lombarde,’ 4th series; and 
the third volume of the great French edition of the works of Aris- 
totle in Greek and Latin, containing the portion of his wretngs 
relating to Natural History. 

The ‘Library has been increased during the past year by a great 
number of valuable donations, including, besides periodicals and the 
publications of Learned Societies, many separate works of importance, 
such as :— 

Barrande’s ‘Systeme Silurien de la Bohéme,’ vol. ii., ‘ Céphalo- 
podes Siluriens,’ Text and Atlas; Greppin’s ‘ Essai Géologique sur 
la Jura Suisse ;? O. Heer’s ‘ Fossilen Hymenopteren aus Ciningen 
und Radoboj ;? Eadmann’s ‘ Exposé des Formations Quaternaires de 
la Suéde;’ F. J. Pictet’s ‘ Matériaux pour la Paléontologie Suisse’ 
(the commencement of a fourth series); Zigno’s ‘ Flora fossilis For- 
mationis Oolithice ’ (the completion of vol.i.); the second edition of 
Dawson’s ‘ Acadian Geology ;’ the late Professor Hornes’s ‘ Fossilen 
Mollusken des Tertiirbeckens von Wien,’ Bivalves 7 and 8; the 
conclusion of Gaudry’s ‘ Animaux fossiles de l’Attique;’ W. K. 
Parker’s ‘Monograph on the Structure and Development of the 
Shoulder-girdle ;’ Giimbel’s ‘Geognostiche Beschreibung und Karte 
des ostbayerischen Grenzgebirges,’ with a magnificent Atlas; and the 
publications of the Geological Survey of the Grand Duchy of Baden, 
containing Maps and Descriptions of the Environs of Lahr and Offen- 
burg, and of Mohringen and Mosskirchen. 

A good many Maps and Plans have been added to the Society’s 
Collection ; they include the Maps of the Geological Surveys of the 
Netherlands (2 sheets), Sweden (4 sheets), Austria (2 maps), and 
Victoria (3 maps), those of the British Ordnance Survey, a Geo- 
logical Map of the South-east of England presented by W. Whitaker, 
Esq., and a Geological Map of South Devonshire, prepared and pre- 
sented by Dr. Holl. 

Great inconvenience has often been experienced from the difficulty 
of arranging detached pamphlets, parts of serial works, and similar 
publications so as to render them easily accessible. A set of pigeon 
holes has now been made for the reception of such papers ; and in 
these they may be kept in alphabetical order, and made more avail- 
able for the use of the Fellows until they can be bound into volumes. 

Mr. Skertchley resigned the office of Library Assistant at the end 
of the year 1868, and Mr. F. H. Waterhouse has been appointed his 
successor. 
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The Museum. 

The following is the work that has been done in the Museum 
during the year 1868 :— 

1. Many specimens which were lying about in the Museum have 
been, as far as possible, restored to their proper places in the cabinets. 

2. The whole of the British Collection has been examined and, as 
far as practicable, put into correct order; the drawers have been re- 
papered and the specimens and tablets cleaned, it being found that 
most of the labels were illegible through accumulated dust. 

3. The Mammalian remains have all been treated with gelatine, 
and the broken bones and teeth put together, with the assistance of 
Mr. Boyd Dawkins and Mr. Davis (of the British Museum). 

The Committee recommend that a sufficient supply of Tablets be 
provided for the South-African fossils and other specimens illustra- 
tive of papers read before the Society, and also that some covered 
deal Trays be made, to receive such specimens. 

The Council having decided on the discontinuance of the formation 
of a general collection, and having restricted the collection in future 
to specimens illustrative of papers read before the Society and those 
received from abroad, recommend that the Assistant Librarian, under 
the superintendence of the Assistant Secretary, should take great 
care of the present collection, and should arrange all specimens as 
soon as received, with reference to the papers which they illustrate. 

J. GWYN JEFFREYS. 
P. M. DUNCAN. 
THOS. WILTSHIRE. 

Comparatiwe Statement of the Number of the Society at the close of 
the years 1867 and 1868. 

Dec. 31, 1867. Dec. 31, 1868. 
Compotnders "2 ose e TTC eee ae 206 
Contributing Fellows...... AGO I See 487 
Non-contributing Fellows . . AE VE ces 430 

1100 1123 
Honorary Members ...... = ah aN 3 
Foreign Members ........ BE Nie ees 41 
Foreign Correspondents... . 40 Ss So ee 37 



ANNUAL REPORT. v 

General Statement explanatory of the Alteration in the Number of 
Fellows, Honorary Members, &e., at the close of the years 1867 
and 1868, 

Number of Compounders, Contributing and 
Non-contributing Fellows, December 31, 1100 
LC TAMBS nee nee ae Pe eae 2 

Add Fellows elected during former year and 10 
"1 2ite OIE SAC SS le mae eit i a 

Add Fellows elected and paid in 1868 ...... 36 

; 1146 
Deduct Compounders deceased.............. 5 

Contributing Fellows deceased ...... 9 
Non-contributing Fellows deceased .. 4 
Contributing Fellows resigned ...... 5 

— 23 

1123 
Number of Honorary Members, Foreign 

Members, and Foreign Correspondents, + 85 
Meee ewan ahs HOU). 8 or le ee ws 

Add Foreign Correspondent elected ........ iE 

86 
Deduct Foreign Member deceased........ 1 

Foreign Correspondents deceased .. 4 
— 5 

— 81 

1204 

DeceasED FEtiows. 

Compounders (5). 

Sir G. Clerk, Bart. H. Porter, M.D. 
N. Dennys, Esq. J. Russ, Esq. 
Admiral Jones. 

Resident and other Contributing Fellows (9). 

Sir Charles Lemon, Bart. F. D. P. Astley, Esq. 
Rev. J. Carne. G. R. Burnell, Esq. 
General Mackintosh. J. Scott, Esq. 
H. E. Moore, Esq. J. Lister, Esq. 
Lord Wensleydale. 

Non-contributing Fellows (4) 

Sir David Brewster, K.H. Marcus Huish. 
K. Francfort, M.D. Rey. J. G. Cumming. 
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Foreign Member (1). 

Prof. Gmelin. 

Foreign Correspondents (4). 

M. Boucher de Perthes. 
Prof. Hornes. 

M. A. Morlot. 
Count Della Marmora. 

Frttows Rusrenep (5). 

Sir J. Boileau, Bart. 
Lieut. H. Hozier. 
Rev. Dr. Dendy. 

J. Jones, Esq. 
Rev. B. W. Gibsone. 

The following Personage was elected a Foreign Correspondent during 
the year 1868. 

M. A. Gaudry, of Paris. 

The following Persons were elected Fellows during the year 1868. 

January 8th.—Francis Fedden, Esq., Geological Survey of India ; 
Major Sir George Wingate, K.C.S.1., late of the Bombay Engi- 
neers, Crofton, Hants; and John Baldry Redman, Esq., M.I.C.E., 
6 Westminster Chambers, Victoria Street, S.W. 

22nd.—James Trubshaw Johnson, Esq., Mining and Civil En- 
gineer, Lichfield, Staffordshire; and Stephen Brown Dixon, Jun., 
Esq., Pewsey, Wilts. 

February 5th.—Arthur Humphrys Foord, Esq., 12 Woodlands Ter- 
race, Blackheath; Rev. Robert Hunter, M.A., 9 Mecklenburgh 
Street, W.C.; Frederick Newman, Esq., Civil Engineer, 51 Bel- 
size Road, St. John’s Wood; and Hugh Seymour Tremenheere, 
isq., Tremenheere, Cornwall. 

26th.—David Homfray, Esq., Port Madoc. 
March 11th.—John Piggot, Jun., Esq., The Elms, Ulting Maldon, 

Essex. | 
25th.—John Tyndall, LL.D., F.R.S., &., Professor of Natural 

Philosophy in the Royal Institution ; Allan Curr, Esq., Dora Ter- 
race, Buxton Road, E.; and Capt. C. W. Fothergill, Royal Marine 
Artillery, Woolwich. 

April 8th.—W. F. Webb, Esq., Newstead Abbey, Notts; The Rev. 
H. W. Crosskey, 10 Corunna Terrace, Glasgow; G. H. West, Esq., 
B.A., Christchurch, Oxford; J. Anstie, Esq., B.A., C.H., Devizes ; 
R. H. Brunton, Esq., C.E., 84 George Street, Edinburgh ; and 
H. B. Woodward, Esq., Geological Survey of England and Wales. 

—— 22nd.—The Rev. J. Carne, Penzance; J. Whitaker Hulke, Esq., 
F.R.C.S., F.R.S., 10 Old Burlington Street, W. ; and Lewis Thomas 
Lewis, Esq., Gadlys, Aberdare. | 7 

May 6th.— Rey. James Crombie, M.A., 84 St. John’s Wood Terrace ; 
Charles Judd, Esq., F.R.A.S., 3 Stoneleigh Villas, Totten- 
ham; D. G. F. Macdonald, Esq., 4 Spring Gardens; J. 8. Phené, 
Esq., 5 Carlton Terrace, Oakley Street, S.W.; and M. Thomson, 
Esq., College House, Southgate. 
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June 17th.—Charles Baron Clarke, Esq., F.L.S., Fellow of Queen’s 
College, Cambridge, Barrister-at-Law, Dacca, Hindostan ; and 
Flaxman Charles John Spurrell, Esq., Belvedere, S.E. 

November 11th.—William Augustus Edmond Ussher, Esq., Geolo- 
gical Survey of England and Wales; Rev. Robert Dixon, M.A., 
Nottingham ; William Woodman, Esq., The Deanery, Great Mar- 
low, Bucks; and F. R. Mallet, Esq., Geological Survey of India. 

December 9th.—Arthur Champernowne, Esq., M.A., Dartington 
Hall, Totnes, Devon; James Thomson, Esq., Glasgow ; W. Chand- 
ler Roberts, Esq., F.C.S., Associate of the Royal School of Mines, 
Thurlow Place, Dulwich; John S. Winbolt, Esq., M.A., Sandridge 
Vicarage, St. Albans; Lawrence Preston, Esq., Keynshambury 
House, Cheltenham; John H. Blake, Esq., Geological Survey of 
England and Wales, 9 Aberdeen Park, Highbury, N.; John Hewitt 
Wheatley, Esq., Abbey View, Sligo; Owen Rees, Esq., 26 Albe- 
marle Street, W.; and Octavius Rugsell Fabian, Esq., 5 Bruce 
Terrace, Lordship Lane, Tottenham. 

December 23rd.—Rev. J. F. Blake, M.A., Gonville and Caius College, 
Cambridge ; Thomas Sparke Parry, Esq., Castlebar, Ealing, W. ; 
and William H. Penning, Esq., Geological Survey of England 
and Wales. 

The following Donations to the Museum have been received since 
the last Anniversary Meeting. 

British Specimens. 

Fossils from the Red Crag; presented by Sir Charles Lyell, Bart., 
M Al, F.RS., F.G.S8. 

Specimens of Flint Flakes from Antrim; presented by the late G. V. 
du Noyer, Esq., en Sir R. I. Murchison, Bart., K.C.B., F.RB.S., 
VEG St 

Foreign Specimens. 

Specimens of Pectunculus glycimeris from Bordeaux ; presented by 
Sir Charles Lyell, Bart., M.A., F.R.S., F.G.S. 

Tertiary Shells from Spain; presented by T. G. B. Lloyd, Esq., F.G.S. 
Fossil Plants from Madeira; presented by Sir Charles Lyell, Bart., 

ee A. PRS. EGS. 
Jurassic Fossils from South Africa; presented by Major Rocke, Her 

Majesty’s 2nd Regiment. 
Fossils from Scinde; presented by Major Rocke, Her Majesty’s 2nd 

Regiment. 
Specimen of Artificial Trachyte, made from Dolerite ; aie kee by 

Dr. Mohr. 

Mars, CHARTS, ETC. PRESENTED. 

Geological Survey Maps of the Netherlands, 2 Sheets (Nos. 22and27); 
presented by His Excellency the Ambassador for the Netherlands, 
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Geological Map of the South-east of England, from the Report of 
the Medical Officer of the Privy Council; presented by W. Whi- 
taker, Esq., F.G.S. 

Geological Map of South Devon, by Harvey B. Holl, M.D., F.G.S. ; 
presented by the author. 

Ordnance-Survey Maps of England, 1-inch scale, Sheets 101, 106, 
109: 6-inch scale, Cumberland, Sheets 1-29: County Indexes 
for Cumberland and Westmoreland; presented by the Secretary 
of State for War. 

Ordnance-Survey Maps of Scotland, 1-inch scale, Sheet 38: 6-inch 
scale, Kincardine, Sheets 1-27: County Indexes for Dumbarton, 
Lanark, and Forfar; presented by the Secretary of State for War. 

Ordnance-Survey Maps of Ireland, 1-inch scale, Sheets 15, 19, 42, 
100, 110; presented by the Secretary of State for War. 

Geologische Uebersichtskarte der dsterreichischen Monarchie, Sheets 
6 and 10, by F. R. von Hauer; presented by the author. 

Geological Survey of Victoria, Maps 5 N.W., 14 8.W., 51 8.W., and 
Section of N.E. corner of 14 8.W.; presented by the Director of 
the Geological Survey of Victoria. 

Sveriges Geologiska Undersdkning, Sheets 22-25 ; pr the 
Director, Prof. A. Erdmann. 

The following Lists contain the Names of Persons and Public 
Bodies from whom the Society has received Donations to the Library 
and Museum since the last Anniversary, February 21, 1868. 

I. List of Societies and Public Bodies from whom Donations of Books 
have beeen received since the last Anniversary Meeting. 

Basel, Natural History Society | Calcutta. Asiatic Society of 
of. Bengal. 

Bath, Natural History and Anti- | Cambridge, Philosophical Society 
quarian Field Club of. of. 

Berlin. German Geological So- | Chicago, Academy of Sciences 
ciety. 

. Royal Prussian Academy. 
Berwick. Berwickshire Natu- 

ralists’ Field Club. 

of. 
Christiania, Royal Academy of. 

, University of. 
Copenhagen. Royal Danish Aca- 

Bordeaux, Society of Physical 
and Natural Sciences of. 

Boston, Society of Natural His- 
tory of. 

Bremen, Natural-History Society 
of. 

Breslau. Silesian Society. 
Brussels. Royal Academy of 

Belgium. 
, Royal Observatory of. 

demy. 

Darmstadt. Geological Society 
of the Middle Rhine. 

Devonshire. Scientific Associa- 
tion. 

Dorpat, Natural-History Society 
of. 

Dresden, (Isis) Natural-History 
Society of. 
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Edinburgh, Royal Physical So- 
ciety of. 

, Royal Society of. 

Florence. [Italian Society of 
Natural Sciences. 

Geneva, Physical and Natural- 
History Society of. 

German Scientific Association. 
Glasgow, Geological Society of. 

Halifax. Nova-Scotian Institute 
of Natural History. 

Harvard College. 
Heidelberg, Natural-History and 

Medical Society of. 
Hessian Government. 

Indian Government. 

Lausanne. WVaudoise Society of 
Natural Sciences. 

Leeds, Literary and Philosophical 
Society of. 

Liége, Royal Society of Sciences 
of. 

Liverpool, Geological Society of. 
, Literary and Philosophical 

Society of. 
London, Anthropological Society 

of. 
, Art Union of. 

British Association. 
Chemical Society. 
Geological Survey. 
Geologists’ Association. 
Institute of Actuaries. 
Linnean Society. 
Mendicity Society. 
Paleontographical So- 

WY] 
ciety. 

Photographic Society. 
—~. Ray Society. 

Royal Asiatic Society of 
Great Britain. 

Royal Astronomical So- 
ka") es ciety. 

. Royal College of Physi- 
clans. 

London. 
geons. 

Royal Geographical So- 

Royal College of Sur- 

ciety. 
Royal Horticultural So- 

ciety. 
Royal Institution. 
Royal Microscopical So- 

ciety. 
Royal Society. 
Society of Arts. 
Victoria Institute. 
War Office. 

, Zoological Society of. 
Lund, University of. 
Lyons, Academy of. 

Manchester, Geological Society of. 
Melbourne. Geological Survey of 

Victoria. 
Mining Survey of Vic- 

toria. 
, National Museum of. 

Royal Society of Victoria. 
Milan. Royal Lombard Insti- 

tute. 
Montreal. Geological Survey of 

Canada. 
, Natural-History Society of. 

Moscow, Imperial Society of Na- 
turalists of. 

Neuchatel, Society of Natural 
Sciences of. 

New York, Lyceum of Natural 
History of. 

, State Cabinet of. 
New Zealand, Geological Survey 

of. 

Offenbach. Natural-History So- 
ciety of. 

Palermo, Institute of Natural 
Sciences of. 

Paris. Academy of Sciences. 
Geological Society of 

France. 
, Museum of Natural History 

of. 
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Philadelphia, Academy of Na- 
tural Sciences of. 

American Academy. 
American Philosophical 

Society. 
Plymouth Institution. 
Presburg, Natural-History So- 

ciety of. 

Salem. Essex Institute. 
St. Louis, Academy of. 
St. Petersburg, Academy of Sci- 

ences of. 
Stockholm. Royal Swedish Aca- 

demy. 
Stuttgart. Natural-History So- 

ciety of Wiirtemberg. 

Teignmouth. Teign Naturalists’ 
Field Club. 

Turin, Royal Academy of Sciences 
of. 

United States, Patent Office of. 

Vienna, Imperial Academy of 
Sciences of. 

, Geological Institute of. 

Warwickshire. Naturalists’ 
Field Club. 

Woolhope. Naturalists’ Field 
Club. 

Wiirzburg, Natural-History and 
Medical Society of. 

Yorkshire, Geological and Poly- 
technic Society of the West 
Riding of. 

II. List containing the names of Persons from whom Donations 
to the Library and Museum have been received since the last 
Anniversary. 

Abich, Dr. H., F.M.G.S. 
American Journal of Science, 

Editors of the. 
American Naturalist, Editors of 

the. 
Anderson, Dr. T. 
Anglo-Colonial Magazine, Editor 

of the. 
Annales des Mines, Editors of 

the. 
Archiardi, Sign. A. d’. 

Baily, W. H., Esq., F.G.S. 
Barkas, T. P., Esq. 
Barrande, M. J., F.M.G.S. 
Biedermann, M. W. A. E. 
Billing, Dr., F.G.S. 
Blackwood, Messrs. 
Bland, T., Esq. 
Brand, Dr. 
Brown, R., Esq. 
Briart, M. 
Burgess, J., Esq. 
Canadian Journal, Editors of the. 

Capper, R., Esq. 
Carpenter, Dr. W. B., F.G.S. 
Chavannes, M. 
Chemical News, Editor of the. 
Christy, H., Esq., Executors of 

the late. 
Colliery Guardian, Editor of the. 
Collomb, M. EK. 
Cornet, M. 
Croll, J., Tisq. 

Dahll, T., Esq., F.G.S. 
Darbishire, R. D., Esq., F.G.S. 
Dawson, Dr. J. W., F.G.S. 
Dechen, H. von., F.M.G:S. 
Delesse, M., F.M.G.S. 
Delgado, M. F. J.N. 
D’Orbigny, M. C. 
Dorna, Prof. A. 
Duncan, Dr. P. Martin, Sec. G.S. 
Du Noyer, G. V., Esq. 

Egerton, Sir P. de M. G., Bart., 
M.P., F:G:8. 
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Erdmann, Dr. 

Fairman, E. St.John, Esq., F.G.S. 
Favre, M. A., F.C.G.S. 
Foster, C. Le Neve, Esq., F.G.S. 
Fouqué, M. 
Fuchs, M. T. 

Gastaldi, Prof. B. 
Gaudry, M. A., F.C.G.S. 
Geological and Natural-History 

Repertory, Editor of the. 
Geological Magazine, Editors of 

the. 
Goebel, M. A. 
Griesbach, M. K. 
Giimbel, Dr. 
Guppy, R. J. L., Esq., F.G.S. 

Haidinger, Prof. W.von, F.M.G.S8. 
Hall, J., Esq., F.M.G.S. 
Hall, J. M., Esq., F.G.S. 
Halloy, M. J. J. d@Omalius a’, 

F.M.G.S. 
Hauer, F. Ritter von, F.C.G.S. 
Heer, Dr. Oswald, F.C.G.S. 
Helmersen, General G. von, 

F.M.G:S. 
Hilgendorf, Dr. F. 
Hoenen, M. A. von. 
Hope, B., Esq. 
Hornes, Dr., F.C.G.S. 
Hyatt, A. Esq. 

Jeffreys, J. Gwyn, Esq., Treas. 
G.S. 

Jenzsch, Dr. G. 
Jones, Prof. T. R., F.G.S. 
Journal of Travel and Natural 

History, Editor of the. 

Karrer, Dr. F. 
King, Dr. W. 
Koenen, M. A. von. 

Lartet, M. E., F.M.G.S. 
Laube, Dr. G. C. 
Lea, I., Esq. 
Lemberg, J. von. 
Lloyd, T. G. B., Esq., F.G.S. 

London, Edinburgh, and Dublin 
Philosophical Magazine, Edi- 
tors of the. 

London Review, Editor of the. 
Longman and Co., Messrs. 
Lyell, Sir Charles, Bart., F.G.S. 

M‘Donald, Prof. W., F.G.S. 
Marcou, M. J. 
Marsh, Prof. O. C., F.G.S. 
Martins, M. C., F.C.G.S. 
Medical Press and _ Circular, 

Editor of the. 
Mining Gazette, Editors of the. 
Mohr, Dr. 
Monthly Microscopical Journal, 

Editor of the. 
Moore, J. Scott, Esq. 
Morlot, M. A., F.C.G.S. 

Naturalist’s Note Book, Editor of 
the. 

Naumann, Prof. C., F.M.G.S. 
Newberry, J. 8., Esq. 
Nicholson, Dr. H. A., F.G.S. 
Nielreich, Dr. A. 
Nystrom, J. W. 

Oldham, Dr. T., F.G.S. 
Omboni, Sign. M. G. 
Owen, Prof. R., F.G.S. 

Pessina, Sign. L. J. 
Peters, Dr. Karl F. 
Phillips, Prof.J.; F.G.S. 
Pictet, Mo PJ. 0.6.58. 
Pourtales, Count L. de. 

Quarterly Journal of Microscopic 
Science, Editors of the. 

Quarterly Journal of Science, 
Editors of the. 

Quetelet, M. A. 

Rasumowskoje, M. 
Renard, Dr. 
Renevier, M. E. 
Reuss, Prof. A. E., F.C.G.S. 
Reynes, M. P. 
Rocke, Major. 
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Roper, F. C. 8., Esq., F.G.S. Sumner, Hon. C. 
Ruprecht, J. F. 

Tchihatcheff, M. P. de. 
Sars, Prof. M. Teale, J., Esq. 
Schill, M. Topley, W., Esq., F.G.S. 
Schloenbach, Dr. U. Trautschold, M. H. 
Schumann, M. J. 
Scientific Opinion, Editor of. Wanklyn, A., Esq. 
Seebach, Dr. H. von. Whitaker, W., Esq., F.G.S. 
Silliman, Prof. Whitley, N., Esq. 
Student and Intellectual Ob- | Winnertz, Dr. J. 

server, Editor of the. 
Studer, Prof. B., F.M.G.S. Zigno, Baron A. de, F.C.G.S. 
Suess, Prof. E., F.C.G.S. Zittel, M. 

List of Parzrs read since the last Anniversary Meeting, 
February 21st, 1868. 

1868. 
February 26th.—Observations on the Parallel Roads of Glen Roy, 

by Charles Babbage, Esq., F.R.S. 
On the Origin of Smoothed, Rounded, and Hollowed 

Surfaces of Limestone and Granite, by D. Mackintosh, Esq., 

—__—____—_—— On a striking Instance of Apparent Oblique Lami- 
nation in Granite, by D. Mackintosh, Esq., F.G.S. 

On the Mode and Extent of Encroachment of the 
Sea on some parts of the Shores of the Bristol Channel, by D. 
Mackintosh, Esq., F.G.S. 

On the Two Plains of Hertfordshire and their 
Gravels, by T. McK. Hughes, Esq., M.A., F.G.8. 

March 11th.—On the Structure of the Crag-beds of Norfolk and 
Suffolk, with some Observations on their Organic Remains— 
Part I. Coralline Crag, by Joseph Prestwich, Esq., F.R.S., F.G.S., 
we. 

March 25th.—On some New Species of Crustacea from the Upper 
Silurian Rocks of Lanarkshire &c., and further Observations on 
the Structure of Pterygotus, by Henry Woodward, Ksq., F.G.S. 

On the Coniston Group, by Professor R. Harkness, 
F.R.S., F.G.S., and H. A. Nicholson, D.Sc., M.B., F.GS. 

—_______—. On the Death of Fishes on the coast of the Bay of 
Fundy, by A. Leith Adams, M.B., F.G.S. 

On Volcanoes in the New Hebrides and Banks’s 
Islands, by the Rey. Joseph Atkin; communicated by T. Codring- 
ton, Esq., F.G.S. 

April 8th.—On the Affinities and probable Habits of the extinct 
Australian Marsupial, Thylacoleo carnifex, Owen, by W. H. 
Flower, Esq., F.R.C.S., F.R.S., F.G.S., &e. 
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1868. 
April 8th.—On the Thickness of the Carboniferous Rocks of the 

Pendle Range of Hills, Lancashire, as illustrating the Author’s 
views regarding the “ South-easterly Attenuation of the Carboni- 
ferous Sedimentary Strata of the North of England,” by Edward 
Hull, Esq., M.A., F.R.S., F.G.8. 

—________— Observations on the Relative Ages of the Leading 
Physical Features and Lines of Elevation of the Carboniferous 
District of Lancashire and Yorkshire. By Edward Hull, Esq., 
NEA., F.R.S., F.GS. 

On a Saliferous Deposit in St. Domingo, by D. Hatch, 
Esq. ; communicated by Sir R. I. Murchison, Bart., K.C.B., F.R.S., 
V.P.GS. 

April 22nd.—On the Disposition of Iron in variegated Strata, by 
George Maw, Esq., F.L.S., F.G.S., &e. 

—______—— On the Older Rocks of South Devon and East Corn- 
wall, by Harvey B. Holl, M.D., F.G.S. 

May 6th.—On the Quaternary Gravels of England. By Alfred 
Tylor, Esq., F.L.S., F.G.S. 

May 20th.—On the Eruption of the Kaimeni of Santorin, by Dr. 
J. S. Julius Schmidt; communicated by Sir R. I. Murchison, 
Bart., K.C.B., E.RS., V.EeG:S: 

—______—— On the Structure of the Crag-beds of Norfolk and 
Suffolk, with some Observations on their Organic Remains— 
Part II. The Red Crag of Suffolk, by Joseph Prestwich, Esq., 
fB.82, F:G.8.. 

June 3rd.—On some Carboniferous corals, by James Thomson, Esq. ; 
communicated by Dr. P. M. Duncan, F.R.S., Sec. G.S. 

On the Pebble-beds of Middlesex, Essex, and Herts, 
by Searles V. Wood, Jun., Esq., F.G.S. 

——_____——— On the Lower Cretaceous Beds of the Bas-Boulon- 
nais, with Notes on their English equivalents, by William Topley, 
Ksq., F.G.S. 

—__——— Note on the Mendip Anticlinal, by C. H. Weston, 
Ksq., F.G.S. 

June 17th.—On the Distribution of Stone Implements in Southern 
India, by R. Bruce Foote, Esq., F.G.S. 

—_—__—_——— On worked Flints from Carrickfergus and Larne, 
by G. V. Du Noyer, Esq. ; communicated by Sir R. I. Murchison, 
Bari:, K.C_B., YES., V-P.GS8: 

On the Diminution of the Volume of the Sea during 
past Geological Epochs, by Andrew Murray, Esq., F.L.S.; com- 
municated by the President. 

——____—_—— Has the Asiatic Elephant been found in a Fossil 
State?, by A. Leith Adams, M.B., F.G.S.; with some Additional 
Remarks, by G. Busk, Esq., F.R.S., F.G.S. 

—_____——— On the Characters of some new Fossil Fish from the 
Lias of Lyme Regis, by Sir Philip de M. Grey Egerton, Bart, M. ay 
F.R.S., F.G.8. 
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1868. 
June 17th.—Note accompanying some Fossils from Port Santa 

Cruz, Patagonia, by Capt. Thomas Baker; communicated by H. 
M. Tonka, Esq., F.G.S. 

On Jurassic Deposits in the North-west Himalaya, 
by Ferdinand Stoliczka, Ph.D., F.G.S. 

On a true Coal-plant (Lepidodendron) from Sinai, by 
J. W. Salter, Esq., A.L.S., F.G.S. 

On some Fossils from the Menevian Group, by J. W. 
Salter, Esq., A.L.S., F.G.S., and H. Hicks, Esq. 

Report of recent Earthquakes in Northern Formosa, 
by H. F. Holt, Esq. ; communicated by the Secretary of State for 
Foreign Affairs. 

Memorandum on the Coal-Mines of Iwanai, Island 
of Jesso, Japan, by A. B. Mitford, Esq.; communicated by the 
Secretary of State for Foreign Affairs. 

On a New Species of Fossil Deer from Clacton, by 
W. Boyd Dawkins, Esq., M.A. F.R.S., F.GS. 

On a New Species of Deer from the Norwich Crag, 
by W. Boyd Dawkins, Esq., M.A., F.R.S., F.G.S. 

Notes to accompany a Section of the Strata from the 
Chalk to the Bembridge Limestone at Whitecliff Bay, Isle of 
Wight, by T. Codrington, Esq., F.G.S. 

On the Graptolites of the Coniston Flags ; with Notes 
on the British Species of the Genus G'raptolites, by H. A. Nichol- 
son, D.Sc., M.B., F.G.S. 

On the “ Waterstone Beds” of the Keuper, and on 
Pseudomorphous Crystals of Chloride of Sodium, by G. W. 
Ormerod, Esq., M.A., F.G.S. 

On the Discovery of the Remains of Cephalaspidian 
Fishes in Devonshire and Cornwall, and on the Identity of 
Steganodictyum, M‘Coy, with genera of those Fishes, by E. Ray 
Lankester, Esq., Chr. Ch. Oxford; communicated by H. Wood- 
ward, Ksq., F.G.S. 

On the Geological Peculiarities of that part of Cen- 
tral Germany known as the Saxon Switzerland, by the late James 
Clark, Esq.; communicated by Sir R. I. Murchison, Bart, K.C.B., 
RS VePsGes: 

November 11th.—Note comparing the Geological Structure of North- 
western Siberia with that of Russia in Europe, by Sir R. I. Mur- 
chison, Bart. kKe@ub., FIRS. VaPsGR: 

‘On a Section of a Well at Kissingen, by Dr. F. 
Saudberger, For. Corr. G.S.; communicated by Sir R. I. Murchi- 
son, Bart., K.C.B., F.B.S., V.P.GS. 

On the Formation of Deltas, and on the Evidence 
and Cause of great Changes in the Sea- level during the Glacial 
Period, by Alfred Tylor, Esq., F.LS., F.G.S. 

November 25th. —On Floods in the Island of Bequia, by G. M. 
Browne, Esq.; communicated by the Secretary of State for 
Foreign Affairs. 
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1868. 
November 25th.—Description of Nga Tutura, an extinct Volcano in 

New Zealand, by Capt. F. W. Hutton, F.G.S. 
—_  —_— On Dakosaurus, by J. Wood Mason, Esq., F.G.S. 

On the Anatomy of the Test of Amphidetus (Echino- 
cardium) Virginianus, Forbes, and on the Genus Breynia, by P. 
Martin Duncan, M.B., F.R.S., Sec. G.S. 

December 9th.—Note on a Geological Reconnaissance made in 
Arabia Petrea in the Spring of 1868, by H. Bauerman, Esq., 
F.G.S8. 

—_—_——_ On the Occurrence of Celestine in the Nummulitic 
Limestone of Egypt, by H. Bauerman, Esq., F.G.8., and C. Le 
Neve Foster, D.Sc., B.A., F.G.S. 

Note on the Echinodermata, Bivalve Mollusca, and 
some other Fossil species from the Cretaceous Rocks of Sinai, by 
Dr. P. Martin Duncan, F.R.S., Sec. G.S. 

On the Existence during the Quaternary Period of a 
Glacier of the Second Order occupying the “ Cirque” of the Valley 
of Palhéres, in the Western part of the Granitic ‘‘ Massif” of the 
Lozére, by M. Charles Martins, For. Corr. G.S. 

December 23rd.—On the so-called “‘ Eozoonal” Rock, by Prof. W. 
King and Dr. T. H. Rowney; communicated by Sir R. I. Mur- 
ehison, Bart., K.C.B., F.R.S., V.P.G.8. 

Notes on the Geology of China, with more especial 
reference to the provinces of the Lower Yungtsi, by Thomas W. 
Kingsmill, Esq. ; communicated by the President. 

1869. 
January 13th.—On Hyperodapedon, by Prof. T. H. Huxley, LL.D., 

foh., Pres. GS. 
On the Locality of a new Specimen of Hyperodape- 

don on the South Coast of Devon, by W. Whitaker, Esq., F.G.S. 
January 27th.—Notes on Graptolites and allied Fossils occurring in 

Ireland, by W. H. Baily, Esq., F.G.S. 
——___—— Notice of Plant-remains from beds interstratified 

with the Basalt in the County of Antrim, by W. H. Baily, Esq., 
F.G.S. 

—_—__— Remarks upon the Basalt Dykes of the Mainland of 
India opposite to the Islands of Bombay and Salsette, by G. T. 
Clark, Esq., F.G.S. 

On Auriferous Rocks in South-eastern Africa, by 
Dr. Sutherland; communicated by Sir R. I. Murchison, Bart., 
HeEC_B.. #R.S:, V.P.G.S. 

February 10th.—On the Evidence of a Ridge of Lower Carboniferous 
Rocks crossing the Plain of Cheshire beneath the Trias, and form- 
ing the Boundary between the Permian Rocks of the Lancashire 
type on the North, and those of the Salopian type on the South, 
by Edward Hull, Esq., M.A., F.R.S., F.G.S. 

On the Red Chalk of Hunstanton, by the Rey. T. 
Wiltshire, M.A., F.L.S., F.G.S. 

ae 



XVl ANNIVERSARY MEETING. 

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,— 
That the thanks of the Society be given to the Earl of Selkirk and 

Professor Ramsay, retiring from the office of Vice-President. 
That the thanks of the Society be given to the Duke of Argyll, 

R. Etheridge, Esq., Professor Ramsay, Col. Sir Henry James, R.E., 
and Robert W. Mylne, 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 :— 
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OFFICERS. 

_ . PRESIDENT. 

Professor T. H. Huxley, LL.D., F.R.S. 

VICE-PRESIDENTS. 

Sir P. de M. G. Egerton, Bart., M.P., F.R.S. 
Sir R. I. Murchison, Bart, K.C.B., F.R.S. 
Warington W. Smyth, Esq., M.A., F.R.S. 
Rev. T. Wiltshire, M.A., F.L.S. 

SECRETARIES. 

_ P. Martin Duncan, M.B., F.R.S. 
John Evans, Esq., F.R.S. 

FOREIGN SECRETARY. 

Prof. D. T. Ansted, M.A., F.R.S. 

TREASURER. 

J. Gwyn Jeffreys, Esq., F.R.S. 

COUNCIL. . 

Prof. D. T. Ansted, M.A., F.R.S. | Sir Charles Lyell, Bart., D.C.L., 
W. Boyd Dawkins, Esq., M.A., 
ES. 

P. Martin Duncan, M.B., F.R.S. 
Sir P. de M. G. Egerton, Bart., 

M.P., F.R.S. 
John Evans, Esq., F.R.S., F.S.A. 
David Forbes, Esq., F.R.S. 
J. Wickham Flower, Esq. 
R. A. C. Godwin-Austen, Esq., 

F.RS. 
Harvey B. Holl, M.D. 
Prof. T. H. Huxley, LL.D., 

F.R.S. 
J. Gwyn Jeffreys, Esq., F.R.S. 
Prof. T. Rupert Jones. 

F.R.S. 
John Carrick Moore, Esq., M.A.., 

F.RS. 
Prof. John Morris. 
Sir R. I. Murchison, Bart.,K.C.B., 

F.R.S. 
Joseph Prestwich, Esq., F.R.S. 
Karl of Selkirk, F.R.S. 
Warington W.Smyth, Esq., M.A., 

F.R.S. 5 | 
Alfred Tylor, Esq., F.L.S. 
Rev. Thomas Wiltshire, M.A., 

F.R.A-S. 
‘Searles V. Wood, Jun., Esq. 
| Henry Woodward, Esq., F.Z.S. 

b 
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LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGICAL SOCIETY OF LONDON, 1 1868. 

Date of 
Election. 

1819, Count A. Breunner, Vienna. 
1822. Count Vitaliano Borromeo, Milan. 
1827. Dr. H. von Dechen, Bonn. 
1828. M. Léonce Elie de Beaumont, Sec. Perpétuel de V'Instit. France, 

For. Mem. R.S., Paris. 
1829. Dr. Ami Boué, Fine 
48290 “Drs Jad. a@malite d’Halloy, Halloy, Belgium. 
1839. Dr. Ch. G. Ehrenberg, For. Mem. R.8., Berlin. 
1840. Professor Adolphe T. Brongniart, For. Mem. BR.S., Paris. 
1840. Professor Gustav Rose, Berlin. 
4841. Dr. Louis Agassiz, For. Mem. R.8., Cambr vdge Massachusetts. 
1841. Professor G. P. Deshayes,. Paris. 
1844, William Burton Rogers, Esq., Boston, U.S. 
1844, M. Edouard de Verneuil, For. Mem. R.S., eos 
1847, M. le Vicomte B. aaeniee Paris. 
1848, James Hall, Esq., Albany, State of New York. 
1850. Professor Bomar Studer, Berne.. 
1850. Herr Hermann von Meyer, Frankfort-on-Maine. 
1851. Prof. James D. Dana, New Haven, Connecticut. 
1851. General G. von Helmersen, St. Petersburg. 
1851. Dr. W. K. von Haidinger, For. Mem. R.S., Vienna. 

1851. Professor Angelo Sismonda, Turin. 
1853. Count Alexander von Keyserling, Dorpat. 

' 1853. Prof. L. G. de Koninek, Liége. 
1854, M. Joachim Barrande, Prague. 
1854. Prof. Carl Friedrich Naumann, Lezpsic. 
1856. Prof. Robert W. Bunsen, For. Mem. R.8., Hezdelberg. 
1857. Prof. H. R. Goeppert, Breslau. 
1857. M. E. Lartet, Paris. 
1857. Prof. H. B. Geinitz, Dresden. 
1857. Dr. Hermann Abich, Fiftis, Georgia. 
1858. Herr Arn. Escher von der Linth, Zorich. 
1859. Prof. A. Delesse, Paris. 
1859. Dr. Ferdinand Roemer, Breslau. 
4860. Dr. H. Milne-Edwards, For. Mem. R.S., Paris. 
1861. Prof. Gustav Bischof, Bonn. 
3862. Baron Sartorius von Waltershausen, Gttingen. 

4862 Professor Pierre Merian, Basle. 
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1864. Prof. Paolo Savi, Pisa. 
1865. M. Jules Desnoyers, Pars. 
1866, Dr. Joseph Leidy, Philadelphia. 
1867. Prof. A. Daubrée, Paris, 

LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, In 1868. 

Date of 
Election. 

1863. Prof. E. Beyrich, Berlin. 
1863. M. Boucher de Perthes, Abbeville. 
1863. Herr Bergmeister Credner, Gotha. 
1863. M. E. Desor, Neuchatel. 
1863. Prof. Alphonse Favre, Geneva. 
1863. Signor B. Gastaldi, Turin. 
1863. .M. Paul Gervais, Montpellier. 
1863. Herr Bergrath Giimbel, Muntch. 
1863. Dy. Franz Ritter von Hauer, Vienna. 
1863. Prof. EH. Hébert, The Sorbonne, Paris. 
1863. Rev. Dr. O. Heer, Zurich. 
1863. Dr. Moritz Hornes, Vienna. 
1868. Dr. G. F. Jager, Stuttgart. 
1863. Dr. Kaup, Darmstadt. 
1863. M. Nikolai von Kokscharow, St. Petersburg. 
1863. M. Lovén, Stockholm. 

1863. Lieut.-Gen. Count Alberto Ferrero della Marmora, 7’urin. 
1863. Count A. G. Marschall, Vienna, 
1863. Prof. G. Meneghini, Pisa, 
1863. M. Morlot, Berne. 
1863. M. Henri Nyst, Brussels. 
1863. Prof. F. J. Pictet, Geneve. 
1863. Signor Ponzi, Rome. 
18638. Prof. Quenstedt, Tiibingen. 
1863. Prof. F. Sandberger, Bavaria. 
1863. Signor Q. Sella, Turin. 
1863. Dr. F. Senft, Hisenach. 
1863, Dr. B. Shumard, St. Lowis, Missour. . 
1863. Prof. E. Suess, Vienna. 
1863. Marquis de Vibraye, Paros. 
1864. M. J. Bosquet, Maestricht. 



1864, 
1864, 
1864. 
1865. 
1866. 
1866. 
1866, 
1866. 
1867. 
1868, 
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Dr. Theodor Kjerulf, Christeamia. 
Dr. Steenstrup, Copenhagen. 
Dr. Charles Martins, Montpellier. 
Dr. C. Nilsson, Stockholm. 
Prof. J. P. Lesley, Philadelphia. 
M. Victor Raulin, Parcs. 
Prof. August Emil Reuss, Vienna. 
Baron Achille de Zigno, Padua. 
Prof. Bernhard Cotta, Freiburg. 
M. Albert Gaudry, Paris. 

AWARDS OF THE WOLLASTON MEDAL 

ESTABLISHED BY 

UNDER THE CONDITIONS OF THE “ DONATION-FUND ” 

WILLIAM HYDE WOLLASTON, M.D., F.BS., F.G.8., &., 

“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. 

1845. 

1845. 
1846. 

1847. 
1848. 
1849. 
1850. 
18651. 
1852. 

Mr. William Smith. 
Dr. G. A. Mantell. 
M. L. Agassiz. 
ee P. T. Cautley. 
Dr. H. Falconer. 

Professor R. Owen. 
Professor C. G. Ehrenberg. 
Professor A. H. Dumont. 
M. Adolphe T. Brongniart. 
Baron L. von Buch. 
M. E. de Beaumont. 
1M P. A. Dufrénoy. 
The Rev. W. D. Conybeare. 
Professor John Phillips. 
Mr. William Lonsdale. 
Dr. Ami Boué. 
The Rey. Dr. W. Buckland. 
Mr. Joseph Prestwich. 
Mr, William Hopkins. 
The Rev. Prof. A. Sedgwick. 
Dr. W. H. Fitton. 

1853 

1865. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 

1854, 
1855. 
1856. 
1857. 

1858. 

1859. 
1860. 
1861. 
1862. 

M. le Vicomte A. d’Archiac. 

M. E. de Verneuil. 
Dr. Richard Griffith. 

Sir H. T. De la Beche. 

Sir W. E. Logan. — 
M. Joachim Barrande. 

Herr Hermann von Meyer. 
a James Hall. 

Mr. Charles Darwin. 

Mr. Searles V. Wood. 
Prof. Dr. H. G. Bronn. 
Mr. Robert A. C. Godwin- 

Austen. 

Prof. Gustav Bischof. 

Sir R. I. Murchison. 

Mr. Thomas Davidson. 

Sir Charles Lyell. 
Mr. G. P. Scrope. 
Prof. Carl F. Naumann. 

Mr. H.C. Sorby. 
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AWARDS 

OF THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 

“ DONATION-FUND.” 

1831. 
1835. 
1834. 
1835. 
1836. 
1858. 
1839. 
1840, 
1841. 
1842. 
1843. 
1844, 
1845. 
1846, 
1847. 

1848. 

1849. 
1850. 
1851. 

Mr. William Smith. 

Mr. William Lonsdale. 

M. Louis Agassiz. 
Dr. G. A. Mantell. 

M. G. P. Deshayes. 
Professor Richard Owen. 

Professor C. G. Ehrenberg. 
Mr. J. De Carle Sowerby. 
Professor Edward Forbes. 

Professor John Morris. 

Professor John Morris. 

Mr. William Lonsdale. 

Mr. Geddes Bain. 

Mr. William Lonsdale. 

M. Alcide d’Orbigny. 
Cape of Good Hope Fossils. 
M. Alcide d’Orbigny. 

Mr. William Lonsdale, 

Professor John Morris. 

M. Joachim Barrande. 

1852. 
1853. 
1854. 
1855. 
1856. 
1857. 

1858. 
1859. 

1860. 

1861. 
1862. 
1863. 
1864. 
1865. 
1866, 
1867. 
1868. 
1869. 

Professor John Morris. 

M. L. de Koninck. 

Mr. 8S. P. Woodward. 

Drs. G. and F. Sandberger. 
M. G. P. Deshayes. 
Mr. 8S. P. Woodward. 

Mr. James Hall. 

Mr. Charles Peach. 

Mr. T. Rupert Jones. 

‘Mn W. K. Parker. 
Professor A. Daubrée. 

Professor Oswald Heer. 

Professor Ferdinand Senft. 

Professor G. P. Deshayes. 
Mr. J. W. Salter. 

Mr. Henry Woodward. 
Mr. W. H. Baily. 
M. J. Bosquet. 
Mr. W. Carruthers. 
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INCOME EXPECTED. 

Due for Subscriptions for Quarterly Journal (con- 

Side@red CO0d) t..chsscssccs ecacemasuiotinatensae weap eta 25. O13 

Due for Authors’ Corrections © x:2.51-+.-ks c.cctoeee 30 0 O 

Due for Arrears (See Valuation-sheet) ..........06 300 0 ) 

— 355 0 O 

Estimated Ordinary Income for 1869. 
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From Resident Fellows, and Non-residents 
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Jan. 26, 1869. 
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Income and Expenditure during the 

RECEIPTS. 

£8. ad L ae 

Balance at Banker’s January 1, 1868 ....395 4 6 

Balance in Clerk’s hands 9. .... 0.0.0: 325. 5 8 4 
——— 400 12 10 

Compositions received ........ Peerererrrerrrrrie. - 
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Admission-fees, 1868 ......... Pete ca! wis S260: a te 
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Annual Contributions for 1868, viz. :— 

Resident Fellows ......... £696 3 0 
Non-Resident Fellows ... 4019 0 

—_-— i3/, 2) 10 

Annual Contributions in advance... ........0< éés0 os Looe 

Journal Subscriptions in advance ..............e0- 1: 1S 

Dividends on ‘Consols. -igiesan ch. eas es ee ee 149 13 2 

Publications : 

Sale of ‘Transactions .cios so sic « a awvies ae css 5 2 
Sale of Journal, Velso 1=23> oc sce 00:6 vw ewe « 163 15 3 

Wren trSy o 2o 38 chal Beas Sees 115 13 10 
Sale of ‘Geological GT MASP ase botosmercas iar 21 11:4 
Sale of Library-catalogues ................ 1/1530 
sale of Onmerod@’s ‘Yntlex<. . < sec sce cescs an 0 16°90 

308 "13. 

We have compared the Books and A 
Accounts presented to us, and found eA 
them correct. Be 

ee LO Toor, Auditors. £2433 .0000e 

Jan, 26, 1869. 

* Due from Messrs. Longman, in addition to the above, on Journal, £ aoe. 
Vol 24, &e.) ss. skgee Ree eee ss ae a ele a miele 4913 7 

Due from Fellows for Journal subscriptions, estimated ........ 25 <0. 0 
Due from Messrs. Stanford on Geological Map .........+--++- 15 19 ces 

£90 12 10 



Year ending December 31st, 1868. 

EXPENDITURE. 

General Expenditure : 
Rt BARES e:< Secu sae ee ee 

PEPO-WNSETANCE® Ws) oo = 5 xiv Ho's 4 3's 2's Slee ote 
Ray REMI EEE ack ace <6 wpniate in) a/si a Slab wets 
House-repairs ...... mcito ninle's) o/sinwiwel waka 
EL blag hee Sg cM Oe ae Seater ers oe 
OPEL bce. one er age tee ener eee 
Miscellaneous House-expenses..........-. 
2 ULM GN se S362 oS Se ees 
Miscellaneous Printing ..........-cccce-s 
Weaat Meetings 222. eens cece cuecve ss 

Salaries and Wages: 

b> vy 

48 

_ ~~] —_ 

bo sr — 

DOmsr— OOO OD 

to ee X 

APOWNHDOCHOROW AR 

——._ 312 0 2 

Assistant-Secretary ..2csscoesccsesecess 300 0 0 
BL been ERD Ca 1s Ca ee od ie ae eg eR ra 30 6. 0 
Library and Museum Assistants .......... 143 3 4 
CD Ese So DAA ee ee er 100 0 0 
Rapa MI ATED poregace 2 orale ave tieie wesc deh oleae. 40 0 0 
Occasional attendants .............-..00 5 fee ae 
EEE Go See ae oe ae Fo bake: af 
Accountants ...... ESR acai SARE ASE AE oO 0 

———._ 744 12 11 

oo, TRE Die SS iG 2) -5 

0 SST oe a es ee ea ; ate 8 14 10 

Miscellaneous Scientific Expenses ............ i oe Lee A 

Diagrams at Meetings ...... Hernan Fg a eee ee Ae Gr 9 

Publications : 

(PELE Su ae es 5 eee « fl a 
eeeral eV OUS Ase ete tne Soe 6 Sis wie edn Meg a9 

TES eC ide See ee ae ee 
fam F3.°3 

Balance at Banker’s, Dec. 31, 1868 .376 13 5 

Balance in Clerk’s hands, Dec. 31, 1868.. 35 7 1 

412 0 6 

B2438, 9 .2 
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PROCEEDINGS 

AT THER 

ANNUAL GENERAL MEETING, 
191m FEBRUARY, 1869. 

AWARD OF THE WoLLASTON MEDAL. 

Tue Reports of the Council and of the Committees having been read, 
the President, Professor T. H. Huxtey, LL.D., F.R.S., handed the 
Wollaston Medal to Henry Crirron Sorsy, Esq., F.R.S., addressing 
him as follows :— 

Mr. Sorsy,—The Council of the Geological Society has charged 
me with the pleasant duty of presenting to you the Wollaston Medal, 
in signification of the value which all geologists attach to your long- 
continued and laborious investigations. 

For more than eighteen years you have been engaged in researches 
into the structure of terrestrial rocks and minerals, and of meteor= 
ites ; a long series of memoirs testifies to your patience, your indus- 
try, your ingenuity, and your knowledge of the sciences which bear 
upon the problems you have attempted to solve; and the most com- 
petent judges bear willing witness to the light which you have 
thrown upon the hidden processes of nature to which these bodies 
owe their origin and present condition, 

The value of work so honest and so searching as yours cannot be 
fully estimated by your contemporaries. But already we see that 
the explanation of slaty cleavage, to which you were led by your 
study of the intimate structure of the rocks which exhibit that phe- 
nomenon, is in full accordance with the conclusions of physical in~ 
vestigators who have approached the question from a very different 
side, and may now be said to be universally adopted. 

And, finally, it will not escape the attention of the Society, as in 
marked accordance with the fitness of things, that Wollaston’s 
Medal should be conferred upon a worker in whom is apparent so 
much of that love of minute research and so much of that power of 
ep cope the great by the little, which characterized the illustrious 
ounder, 

Mr. Sorsy replied :— 

Mr. Prestpent and Grentitemen,—Allow me to express my best 
thanks for the honour you have done me by the award of the Wol- 
laston Medal; and allow me, Mr. President, to thank you very sin- 
cerely for the kind manner in which you have spoken of my researches, 
I have always contended that the greatest reward that a scientific man 

d 
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can receive is the pleasure attending the prosecution of original inves- 
tigations; but, at the same time, no scientific man ought to be satis- 
fied unless his inquiries lead to some valuable result. The award of 
the Wollaston Medal is therefore a cause of great satisfaction to me, 
since it shows that my labours have not been misdirected, but have 
met with the very high approval of the Geological Society of London. 

AWARD OF THE WOLLASTON DoNATION-FUND, 

The President then addressed W. CarrutHers, Esq., F.L.S., F.G.S., 
as follows :— 

Mr. Carrutuers,—I have much pleasure in placing in your hands 
the balance of the Wollaston Donation-fund, which has been 
awarded to you by the Council of the Geological Society, in aid of 
your researches in Fossil Botany. 

Your investigations into this very difficult department of Biology, 
and more especially those which have been directed towards the 
structure of Fossil Fruits, have been already fraught. with such 
valuable results that you may justly look upon this award as a well- 
earned testimony of our gratitude for your labours. 
Still I would remind you that scientific gratitude is mamly of that 

sort which has been defined as “a lively sense of favours to come,’ 
and that we trust this award will aid you in conferring a long 
series of such favours upon us. 

Mr. Carruruers replied :— 
I thank the Council of the Society for the high honour they have 

done me in considering my work deserving of the award of the 
Wollaston Aid-fund, and you, Sir, for the very flattering terms in 
which you have conveyed it to me. It has been my good fortune to 
carry on my work under the eye, and with the continual assistance, 
of my illustrious colleague, Mr. J. J. Bennett, and to have been led 
into the investigation of a department of science which has long been 
neglected, and in which the materials have so accumulated that even 
the most careless gleaner must find a rich harvest to reward his efforts. 
The honour you have done me, and the substantial aid you have 
given me, I receive as increased incentives to more diligent work, 
and I trust that in the future I may be able to some extent to realize 
what you have in such flattering terms said you expect of me. 

THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 

Professor T. H. Huxzey, LL.D., F.R.S. 

I regret to have to announce that the list of Fellows of this 
Society deceased since the last Anniversary contains many distin- 
guished names. In most cases their distinction has béen won in 
fields not purely geological; but in the Rey. 8. W. Kine, Geology, 
and especially Quaternary Geology, has lost a zealous and able cul- 
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tivator, and the Society a Member of great accomplishments and very 
versatile abilities. Continued illness prevented him from publishing 
the results of his labours ; but his fossils, collected with the utmost 
care and accompanied by valuable notes, have enabled Dr. Falconer 
and Professor Heer to give an adequate account of the animals 
which lived upon the preglacial continent and of the vegetation 
which clothed its surface*, 

Samuet Witt1am Kine, born September 20, 1821, was the eldest 
son of the late Rev. William Hutchinson King, formerly Vicar of 
Nuneaton. At an early age he showed a taste for scientific studies. 
While a mere boy, from fourteen to sixteen years old, he kept a 
journal in which astronomical ubservations and dissections of insects 
were noted down. Some of his papers were published at the time 
in the ‘ Zoologist.’ As he grew older he turned his attention also to 
Archeology and Architecture. He entered at St. Catherine’s Col- 
lege, Cambridge, and took the degree of B.A. in 1844, and that of 
M.A. in 1847. In 1849 he married Emma, daughter of the late 
John Fort, Esq., M.P., and in 1851 was presented to the Rectory of 
Saxlingham, Norfolk, where he devoted himself with unflagging 
energy to his parochial work, and to the study of the antiquities and 
natural history of the county. 

He travelled much, note- and sketch-book inhand. In 1849 and 
1850 he visited Switzerland, Italy, Sicily, the Grecian Archipelago, 
Constantinople, and Asia Minor. In 1855 he explored the little- 
known valleys between Monte Rosa and Mont Blanc; and subse- 
quently published ‘The Italian Valleys of the Pennine Alps,’ a work 
that is of very high value, from the rare combination of literary 
ability with great powers of observation and artistic skill which it 
manifests. Subsequently he became a Fellow of the Society of 
Antiquaries and of the Royal Geographical Society. In 1855 he 
communicated to the Norfolk and Norwich Archeological Society 
a paper on the “ Examination of an Ancient Cemetery at Hemp- 
nall,” and in 1859 a second on a “Roman Kiln and Urns found at 
Hedenham.” 

On his return, in 1859, from his favourite Pennine valleys and 
the battle-fields of Solferino and Magenta, his attention was espe- 
cially directed to the Norfolk Forest-bed by a visit to Cromer with 
Sir Charles Lyell, Dr. Hooker, and the Rev. John Gunn. From 
that time he devoted himself to the study of the preglacial beds 
of Norfolk, and to the accumulation of the fossils that now form the 
King Collection, which derives a peculiar value from the careful 
notes of the stratigraphical position of each specimen. 

In 1860 he became a Fellow of the Geological Society. In 1864 
he was so seriously affected by overwork that he was sent abroad by 
his medical advisers to seek the rest of mind which he could not ob- 
tain in England; but he merely exchanged one field of mental acti- 
vity for another. On his return through France, after visiting Spain 
and Majorca, he reopened the famous Cave of Aurignac, and disco- 

* See Lyell, ‘ Antiquity of Man,’ pp. 214-217. oS 
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vered a large number of bones which proved that the cave was open in 

prehistoric times. A full statement of the bearing of this discovery 
upon the value of the evidence afforded by the cave, accompanied by 
the most careful plans and sections, would have been published, had 

not Mr. King’s increasing illness forbidden work of any kind. After 

his return to England he gradually became worse, until in 1867 he 

resolved to winter in Algiers, and to give up his favourite pursuits 
and deeply cherished schemes of work. Thence he travelled to 
Switzerland, and, daily becoming weaker, he died on the 8th of July, 

1868, at Pontresina, in the Engadine, in full possession of all his 
faculties. 

One of Mr. King’s last expressed wishes was that his collection, 
containing all Professor Heer’s type specimens of preglacial vege- 
tation, and a large number of Dr. Falconer’s type-specimens: of 
Mammals, should be presented to some museum where it might be 
used for the advancement of the science he loved so well. Accord- 
ingly it has found a resting-place in the Museum of Practical 
Geology in Jermyn Street. 

Quaternary Geology has suffered additional losses among our 
Foreign Members in M. Boucher de Perthes and M. Morlot, whose 
names will be always honourably associated with that revival of sei- 
entific inquiry into the antiquity of man of which this generation 
has been witness. 

M. Jacaves BoucnEeR DE CrkvEcmUR DE PertHEs, who died in 
August last, was born in the year 1789, at the commencement of that 
great era of change which divides modern France from old France. 
He could hardly recollect the Terror; but the Directory, the Consu- 
late, the Empire, the Restoration, the second Republic, and the 
second Empire, all had swept before him. 

Possessed of an independent fortune, of considerable and varied 
powers and wide sympathies, M. Boucher de Perthes early resigned 
an official appointment in order to devote the long remainder of a 
healthy and vigorous life to travel, to literature, to archeology, and 
to science. His industry was exemplary, his enthusiasm boundless, 
his imagination fully equal to all demands made upon it. Hence it 
is no wonder that his fertile pen poured forth travels, political spe- 
culations, and a very readable novel—that he occupied himself with 
the past of man, and even with the future of woman. But he is 
most widely known by the great stimulus which his ‘ Antiquités 
Celtiques et Antédiluviennes,’ published in 1849, gave to the study 
of the evidence of the antiquity of man which is afforded by the 
worked implements found imbedded in the same deposits with ex- 
tinct animals. 

The geologists of his own country treated M. Boucher de Perthes’s 
work with indifference and neglect; and no doubt popular historians 
of science, judging after the event, will hereafter visit them with 
reprobation for their blindness and their prejudices. But just and 
critical students of the ‘ Antiquités ’ will, I think, be able completely 
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- to comprehend, and largely to justify, the course taken by the French 
geologists. Columbus discovered the new world; and great is his 
fame for that achievement, history, like some other great powers, 
always paying upon results: but those who will look carefully into 
the matter will find that most of his reasons for believing in the ex- 
istence of the new land which he discovered were either insufficient or 
erroneous, and might well fail to carry conviction to the minds of 
the much-abused kings and ministers who so long withheld their 
help to his great enterprise. 

And I venture to doubt whether, if any cautious person were now 
to read the ‘ Antiquités Celtiques,’ he would rise from its perusal 
with the feeling that the author’s case had been even approximately 
made out—whether, perhaps, he would not rather be prejudiced 
against it. Eminently generous, truthful, hearty, and enthusiastic, 
Boucher de Perthes paid for these virtues by a certain facility of belief, 
which is as terrible a drawback to scientific weight as it is advan- 
tageous in the struggle against neglect and adverse criticism when a 
man happens to have laid hold of a truth. 

I say this much in justification of our confréres across the channel, 
and in vindication of caution and scientific logic, with which I, for 
one, prefer to err, rather than to be right in the company of haste and 
guesswork. Posterity, a somewhat short-sighted personage, who, as 
I have said, pays only upon results, will take no note of the protest, 
and will not only award to our Columbus all the credit which he de- 
serves for being substantially in the right, but will probably abuse 
those of his contemporaries who were equally in the right for dis- 
believing him. 

The death of M. A. Mortot, which took place at Berne, in Fe- 
bruary last, was announced at the last Anniversary. I borrow the 
substance of the following notice of his life from the “ Matériaux ” 
of M. G. de Mortillet. 

M. Morlot commenced his career as a geologist, and greatly occu- 
pied himself with geology, in Austria. In Switzerland, where he 
subsequently took up his abode, he very successfully combined 
archeology with geology, and when he died was Conservator of the 
Archeological Museum of Berne. Although a Professor of Geology 
in Lausanne, he devoted himself to prehistoric studies, and greatly 
contributed to their progress by his investigations, his writings, and 
the public lectures which he was continually giving in one place or 
another. ‘ 

The chief paleeo-ethnological work of M. Morlot is entitled ‘ Etudes 
Géologico-Archéologiques en Danemark et en Suisse,’ which was 
published at Lausanne in March 1860 in the ‘ Bulletin de la Société 
Vaudoise des Sciences Naturelles.’ It is an excellent réswmé, which 
has been of great use in spreading far and wide a knowledge of the 
important discoveries made in Denmark and Switzerland. 

The discovery upon which M. Morlot laid most weight, is that of 
the “ Cone de la Tiniére,” which he converted into a chronometer for 
measuring the duration of the different prehistoric epochs. M. Morlot’s 
last production is a great work upon Mecklembourg. 
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James Davin Forsss, late Principal of the University of St. An- 
drews, in Scotland, was born in Edinburgh on the 28th of April, 
1809. His mother died shortly after his birth, of consumption; and 
the boy’s delicacy was such, that his father, Mr. William Forbes, of 
Pitsligo, thought it well to discourage rather than to stimulate his 
love for knowledge, mathematical studies being especially forbidden. 

But nature was stronger than paternal solicitude ; and natural 
genius made such good use of all available opportunities for study 
that in 1833, at the early age of 24, Mr. Forbes was appointed Pro- 
fessor of Natural Philosophy in the University of Edinburgh, an 
office the duties of which he performed with great distinction for 
twenty-six years, though in the latter part of that period impeded 
by failing health. In 1859 Professor Forbes was appointed Prin- 
cipal of the United Colleges of St. Salvador and St. Leonard in the 
University of St. Andrews, and held these offices until his lamented 
death on the 31st of December, 1868. 

Principal Forbes attained high distinction as an original investi- 
gator in several branches of physics, while, to the general public, he 
was widely known and deservedly famed as the writer who had 
brought the grand and profoundly interesting aspects of the Alpine 
world before their minds with a power and distinctness which no 
one since the days of Saussure had approached, when the ‘ Travels 
in the Alps’ were published. 
My friend and colleague Mr. Geikie, F.R.S., has given so admirable 

an account of Principal Forbes’s relation to geological science, that I 
venture to reproduce what he has said on this occasion :— 

Principal Forbes was born in Edinburgh just twelve years after 
the death of the great Hutton, only seven years after the publication 
of the ‘ Illustrations of the Huttonian Theory ;’ and he was already 
a boy of ten when Playfair died. Many of his friends had been 
personally acquainted with these philosophers ; and the memory of 
the fierce Plutonian and Neptunian war was still fresh in their minds 
when he began to give himself to scientific pursuits. These early 
influences are traceable all through his life. He was profoundly 
impressed with the originality and truth of the views propounded by 
Hutton and illustrated by Playfair. He speaks with enthusiasm 
of the “ precious lessons” which. one of his friends had drawn from 
the lips of Playfair and of Hall. I shall never cease to remember 
with gratitude that it was he who introduced me when a boy to the 
writings of these masters. He used to speak of Playfair’s ‘ Illustra- 
tions of the Huttonian Theory’ as one of the best books ever written 
upon the first principles of geological science. 

Principal Forbes studied geology under Jameson, from whom he 
acquired a love for the mineralogical side of the science, and retained 
it to the last. Moreover his own predominant tendency towards 
physies tinged even his geological studies. Hence we find him rising, 
on the one hand, from a contemplation of the phenomena of glaciers 
to a philosophical investigation of the laws under which these phe- 
nomena occur—on the other, from the mere observation and collec- 
tion of rocks and minerals to the natural philosophy of the operations 
by which they were produced. 
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The earliest of his geological writings which I have been able to 
trace is in the form of a short letter to Professor Jameson, on the 
occurrence of a large greenstone boulder in the Pentland Hills. It 
is dated from Colinton House, August 3rd, 1829, when its writer was 
a very little over twenty years of age. It gives an account of the 
position of the boulder, its composition, dimensions, and specific 
gravity. But the chief interest it possesses lies in the broad genera- 
lization which the young observer drew from the facts he had so 
carefully noted. The boulder lay upon the side of a small, steep 
ravine ; and its position there was such as to lead him to regard the 
induction as undeniable, “that the excavation of the valley must 
have taken place subsequently to the deposition of this boulder.” 
He remarks further that this inference as to the lateness of the 
erosion of valleys is forced upon us by many other instances which 
intimate the gradual degradation of the soil. Those who have watched 
the progress of geological discussion in recent years will see at how 
early a period our departed friend had acquired clear views upon this 
subject, and had based them upon the results of actual observation. 
This early paper is further interesting, inasmuch as it serves to indi- 
cate the special field of geology into which Forbes’s natural instincts 
turned him, and in which he was destined in later years to reap so 
abundant a harvest. He had often read and treasured in his memory 
the eloquent passages in which Playfair, following in the path of 
Hutton, had expounded the erosion of valleys and the universal 
decay and waste of the continents. He saw that the happy sugges- 
tions and sagacious inferences of these philosophers ought to be 
regarded in the light rather of an outline of what remained to be 
discovered than as the epitome of a completed philosophy. Whatever 
related to the forces which work upon the surface of the earth and 
effect geological changes had a special charm for him. It was this 
tendency which led him to wander with more than a tourist’s curiosity 
among the glaciers of Switzerland, which first suggested to him the 
idea of working out by accurate observation the real cause of glacier- 
motion, still, in his opinion, undiscovered, and which brought him 
back year after year to these great mountains, where he toiled with 
a devotion that told at last upon his physical frame. He was the 
first to determine by careful measurements the amount and variations 
of glacier-motion. Comparing that motion to the flow of a river, he 
propounded the theory that “a glacier is an imperfect fluid or a 
viscous body, which is urged down slopes of a certain inclination by 
the mutual pressure of its parts.” The observations and journeys 
which led him to this deduction are detailed in his ‘ Travels in the 
Alps,’ a work in which, as in the ‘ Voyages dans les Alpes’ of De 
Saussure, which he took as his model, description of scenery and 
narrative of adventure are happily blended with scientific observa- 
tion and reasoning. The vexed question of the mechanical cause of 
the motion of glaciers is hardly a geological problem. I would 
rather refer to the abundant materials collected by Forbes in this 
work for the elucidation of the geological functions of glaciers. The 
existing operations of tHe ice, in scoring and polishing rocks, in 
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transporting huge blocks of stone, and in depositing vast mounds of 
rubbish, are illustrated by him from many an Alpine valley. Re- 
calling the original observations of Playfair, he points out how clear 
is the evidence for the former wide extension of the glaciers of 
Switzerland. In short, his eye seems ever to have been upon the 
watch for every phenomenon bearing upon the mutations of the 
existing surface of the land. 

The lessons which he had thus laboriously learned among the 
living ice-rivers of the Alps bore fruit when he came again to 
wander among the more mountainous regions of his own country. 
In the year 1840 Agassiz had made the startling announcement that 
the British islands had once been deeply buried under a vast mantle 
of snow and ice, and that the traces of its seaward motion were yet 
fresh and clear upon the sides of many valleys among the uplands. 
Following up the observations of the Swiss naturalist, Buckland and 
Lyell had pointed out the former existence of glaciers in the High- 
lands and other parts of the country. When, however, we look back 
upon the early discussion of this subject, we are forced to admit that 
conclusions were often based upon very hasty and imperfect observa- 
tions. In particular, glacier moraines were often recognized in 
places where no geologist would now be able to find them. Much 
as Forbes knew of the geological effects of ice, his natural caution 
kept him from taking part in this discussion for a time, until he was 
able to produce more accurately determined data than had, in many 
cases at least, been available. In the year 1845 he visited the Isle 
of Skye; and his eye, already trained to recognize the traces of 
vanished glaciers in Switzerland, was at once struck by the identity 
of the forms assumed by the rocks at Loch Scavaig with the roches 
moutonnées of the Alps. Further investigation led him to obtain 
complete demonstration of the former presence of a group of glaciers 
descending from the rugged scarps of the Cuchullin Hills. He 
walked over mountain and glen, filling in a rough sketch map of the 
glacier valleys as he went along, and in December of the same year 
he read a narrative of his observations to the Royal Society of 
Edinburgh. This was the most detailed and satisfactory account 
which had yet been given of the proofs that the Highlands of Britain 
once nourished groups of glaciers. 

In the year 1851 Professor Forbes undertook a journey to Nor- 
way, partly to make observations of the great solar eclipse, and 
partly drawn by his love of physical geography, and notably of 
glaciers. It was his design to compare the phenomena of glaciers 
in Northern Europe with those already so familiar to him in Swit- 
zerland. This he has done in a masterly way. His pages contain, 
in a clear and succinct form, the sum of all that was known at the 
time regarding the snow-line and the existing glaciers of Norway. 
I have myself gone over much of the ground he has described, and 
can bear witness to the accuracy of his sketches, alike of pencil and 
of pen. His two chapters on the physical geography of Norway have 
always appeared to me to be a masterpiece of careful yet rapid obser- 
vation, broad generalization, and clear description. 



a 

ANNIVERSARY ADDRESS OF THE PRESIDENT. XXXV 

But though the tendency of his researches in geology was mainly 
towards the investigation of the phenomena connected with changes 
in the outline of the surface, he did not neglect the study of minerals 
and rocks, in which he had been trained under Jameson. Previously 
to 1836, with the view of learning more of the history of ancient 
geological upheavals, he had examined “the trap rocks of our own 
island, the ophites of the Pyrenees, and the serpentines of Anglesea 
and the Lizard—the porphyries of Northern Italy—the granite veins 
of Mount’s Bay and Glen Tilt—the ancient volcanoes of Auvergne, 
the Eifel, the Siebengebirge, and of Rome—and the modern volcano 
of Vesuvius.” In December 1835 he gave to the Royal Society of 
Edinburgh a narrative of his researches in central France, dwelling 
more especially on the analogies between the volcanic rocks of that 
district and the trappean masses of his own country. Throughout 
his narratives of foreign travel, also, we everywhere meet with 
indications that, though busied with what had become his own more 
special branch of the science, he remained no indifferent observer of 
the rocks among which his journeys led him. He retained his fond- 
ness for mineralogy to the end. When I last saw him at St. 
Andrews he showed me a collection of veined agates which he had 
accumulated in the course of years, and with which he used 
often to beguile a little leisure in trying to speculate upon the 
manner in which the concentric siliceous coatings might have been 
formed. 

In concluding this sketch of the late Principal’s geological labours, 
I must not forget that some of his researches, though in themselves 
dealing with more or less distinctively physical questions, had often 
important geological bearings. Such were some of his meteorological 
investigations, and his carefully conducted experiments upon the 
temperature of the earth at different depths and in different soils near 
Edinburgh. These experiments were, I believe, the first made in 
this country, with any degree of precision, to determine the rate at 
which the temperature of the surface is conducted downwards, and 
the variations due to differences in the nature of the material through 
which the heat is transmitted. 

Sir Davip Brewster was born at Jedburgh in December 1781, 
and had thus attained the advanced age of more than eighty-six years 
when he died in February of last year. During this long life his 
scientific activity was incessant, and the stream of his original 
papers, some 300 in number, flowed on without a check. 

Nor did this singular fertility by any means exhaust Sir David 
Brewster’s energies. He wrote in the Reviews frequently and well; 
he edited the ‘ Edinburgh Encyclopedia,’ and shared in editing the 
‘Edinburgh Philosophical Journal,’ the ‘ Edinburgh Journal of 
Science,’ and the ‘ Philosophical Magazine.’ He founded the 
Scottish Society of Arts, and helped to found the British Association ; 
he was Principal of St. Andrews, and afterwards of Edinburgh Uni- 
versity ; he was long Secretary of the Royal Society of Edinburgh, 
and he died the President of that learned body. 
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With all these occupations Sir David found time to invent one of 
the prettiest of toys, the Kaleidoscope; to write one of the most 
charming of popular scientific treatises, the ‘ Letters on Natural 
Magic ;’ and to enter into a considerable number of controversies, 
in which he displayed such a capacity for the outpouring of copious 
wrath, that his adversaries must have found it difficult to believe 
that he had anything else to do but to assail them. But this mar- 
vellous energy was never directed to geological problems. Sir 
David was familiar with minerals, but he regarded them with the 
eye of a student of optics; and even his discovery of the cavities in 
crystals and of their contents did not cause him to diverge from 
his favourite line of study. Once, indeed, be plunged into cosmo- 
logy ; but ‘More Worlds than One’ hardly added to the renown 
which he had justly obtained as an unwearied observer and accu- 
mulator of facts in optics. 

Dr. Everene Francrort, Commendatore of the Order of St. Maurice 
and St. Lazarus, whose sudden decease took place at Pallanza, on the 
22nd September 1868, had for some years directed the application 
of English capital to the working of numerous mines near the Lago 
Maggiore and in the Val Anzasca. He had in early life worked at 
chemistry and geology in the United States, and when established in 
Italy exhibited such enthusiasm in the pursuit of mineralogy as 
secured him the friendship of many scientific men of eminence in 
that country. His liberality, a rare virtue among collectors, will not 
soon be forgotten by the friends who lament his untimely end. 

Dr. Henry Porter was born July 13th, 1832, at Peterborough, 
in which town his father practised as a surgeon. He received his 
primary education at the Hereford school under the Rev. Henry 
Manton, and while yet a school-boy, his interest in Geology having 
been awakened by the perusal of one of Dr. Mantell’s works, he 
became an enthusiastic collector and student of fossils. On leaving 
school he spent three years in his father’s surgery, and then passed 
to Queen’s College, Birmingham, where he greatly distinguished 
himself, obtaining a scholarship, two gold medals, and other honours, 
and becoming at the end of his three years’ course of study Warn- 
ford’s Prize-man. On leaving Birmingham, he continued his studies 
in London and Paris. 

Returning to his native town, Dr. Porter entered on the practice 
of his profession, devoting his leisure hours to the study of the 
geology of the district and the formation of a collection of fossils. In 
1861 he became a Fellow of this Society, and in the same year pub- 
lished his ‘ Geology of Peterborough.’ This unpretentious but useful 
little work is an attempt to give in popular language such a sketch 
of the Geology of a limited district as may be calculated to awaken 
in residents an interest in our science, and, by furnishing the neces- 
sary basis of information, lead the way to further researches. In 
1863 Dr. Porter contributed a paper to this Society “On the oc- 
currence of large quantities of Fossil Wood in the Oxford Clay, near 
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Peterborough ;” he likewise, at different times, communicated various 
memoirs on professional subjects to the Medical Society. 

It must ever be a subject of regret to geologists, as it was to 
the last to himself, that during the latter years of his life our 
esteemed associate was prevented by his feeble state of health, 
combined with his numerous professional and other engagements, 
from devoting much time to scientific pursuits. His death, which 
took place at the early age of thirty-six, was hastened by an acci- 
dent, a fall from his horse, resulting in paralysis, which terminated 
fatally, August 11, 1868. 

Dr. Porter was an assiduous labourer for the benefit of his native 
town, in which the well-known excellencies of his character gained 
for him universal respect and goodwill. His brilliant and agreeable 
qualities were never more conspicuous than when he played the part 
of a host; and no one could be better qualified for the authorship of 
the half-playful, half-serious little work, ‘ Cups and their Customs ,’ 
which was written in 1863, in conjunction with another Fellow of 
this Society, also deceased, Mr. George E. Roberts. The results of 
the geological labours of Dr. Porter are not be estimated by his 
published writings alone; his extensive and valuable collection was 
always open to investigators of the geology of the district; and all 
who availed themselves of this privilege will remember with sadness 
his modesty and zeal not less than his geniality and hospitality. 

The Rev. JosrpH G. Cummine, M.A., F.G.S., Vicar of St. John’s, 
Bethnal Green, was the son of the late Joseph Nottrall Cumming, 
Esq., of Matlock, where he was born on the 15th February, 1812. 
Mr. Cumming was educated at Oakham Grammar School; and an old 
Oakham school-fellow has written of him :—‘‘ He was thevery opposite 
of ‘a pickle.’ I do not think I ever saw such a grave earnest boy, 
cheerful, indeed, and eminently good-natured. He was, perhaps, 
about 14 years old when I first knew him, and we became close com- 
panions for at least two years afterwards, when I quitted the school. 
I donot remember that I ever saw him with a cricket-bat or fishing- 
rod; but he was very fond of talking of the wonders of Derbyshire, 
and presented me with some fossils. He was fond of wrestling, and 
we frequently walked to a quiet field some half mile from the town, 
and tugged at each others collars for hours on pretty equal terms.” 

Mr. Cumming gained exhibitions at Oakham, and proceeded to 
Emmanuel College, Cambridge, where he (Senior Opt.* 1834) was 
ordained in 1835, and took the curacy of his uncle, the Rev. James 
Cumming, Professor of Chemistry at Cambridge, and Rector of North 
Nuneton, Norfolk. In 1838 he was appointed Classical Master of 
the West Riding Proprietary School, and in 1841 Vice Principal of 
King William’s College in the Isle of Man, where he acquired an 
interest in the history and antiquities of the island that never de- 
serted him, and he contributed very largely to their illustration. 
Mr, Cumming remained about fifteen years in the Isle of Man, and 
removed on his appointment to the Mastership of King Edward’s 

; * See Cambridge Calendar. 
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Grammar School, Lichfield. In 1858 he was appointed Warden and 
Professor of Classical Literature and Geology in Queen’s College, 
Birmingham. In 1862 he was presented by the Lord Chancellor to 
the Rectory of Mellis, Suffolk, which he exchanged in 1867 for the 
Vicarage of St. John’s, Bethnal Green. On the 21st September, 
1868 he suddenly died whilst residing in the midst of his family 
circle; his removal to London, and his untiring exertions among 
the poor of Bethnal Green, probably, materially abridged his life. 
He was emphatically a hard worker both as clergyman and man of 
science. 

Mr. Cumming was married in 1836, to Agnes, youngest daughter 
of J. R. Peckham, Esq., who survives him with a family of four sons 
and two daughters. 

Mr. Cumming was the author of a ‘ History of the Isle of Man,’ 
and of papers on “The Geology of the Isle of Man,” “The Tertiaries 
of the Moray Frith,” “The Geology of the Calf of Man,” and ‘“‘ The 
Superior Limits of the Glacial Deposits in the Isle of Man,” which 
are published in our Journal. He became a Fellow of the Geolo- 
gical Society in 1846. 

cM great reform in geological speculation seems now to have become ne- 
cessar 

i ae is quite certain that a great mistake has been made,—that British 
pepular geology at the present time is in direct opposition to the principles of 
Natural Philosophy” *. 

In reviewing the course of geological thought during the past 
year, for the purpose of discovering those matters to which I might 
most fitly direct your attention in the Address which it now becomes 
my duty to deliver from the Presidential Chair, the two somewhat 
alarming sentences which I have just read, and which occur in an 
able and interesting essay by an eminent natural philosopher, rose 
into such prominence before my mind that they eclipsed everything 
else. 

It surely is a matter of paramount importance for the British 
geologists (some of them very popular geologists too) here in solemn 
annual session assembled, to inquire whether the severe judgment 
thus passed upon them by so high an authority as Sir William 
Thomson is one to which they must plead guilty sans phrase, or 
whether they are prepared to say “ not guilty,’ and appeal for a 
reversal of the sentence to that higher court of educated scientific 
opinion to which we are all amenable. 

As your attorney-general for the time being, I thought I could not 
do better than get up the case with a view of advising you. It is 
true that the charges brought forward by the other side involve the 
consideration of matters quite foreign to the pursuits with which I 
am ordinarily occupied ; but in that respect I am only in the posi- 
tion which is, nine times out of ten, occupied by counsel, who 
nevertheless contrive to gain their causes, mainly by force of mother- 

* On Geological Time. By Sir W. Thomson, LL.D. Transactions = the 
Geological Society of Glasgow, vol. iii. 
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wit and common sense, aided by some training in other intellectual 
exercises. 

Nerved by such precedents, I proceed to put my pleading before 
you. 

And the first question with which I propose to deal is, What is it 
to which Sir W. Thomson refers when he speaks of “ geological spe- 
culation” and “ British popular geology ” ? 

I find three more or less contradictory systems of geological 
thought, each of which might fairly enough claim these appellations, 
standing side by side in Britain. I shall call one of them Carasrro- 
PHIsM, another UNIFORMITARIANISM, the third Evonurionism ; and I 
shall try briefly to sketch the characters of each, that you may say 
whether the classification is or is not exhaustive. 

By Catastroputsm I mean any form of geological speculation which, 
in order to account for the phenomena of geology, supposes the ope- 
ration of forces different in their nature, or immeasurably different 
in power, from those which we at present see in action in the 
universe. 

The Mosaic cosmogony is, in this sense, catastrophic, because it 
assumes the operation of extra-natural power. The doctrine of 
violent upheavals, débdcles, and cataclysms in general is catastrophic, 
so far as it assumes that these were brought about by causes which 
have now no parallel. There was a time when catastrophism 
might preeminently have claimed the title of «‘ British popular geo- 
logy;”’ and assuredly it has yet many adherents, and reckons among 
its supporters some of the most honoured members of this Society. 

By Unirormitarranism I mean preeminently the teaching of 
Hutton and of Lyell. . 

That great, though incomplete work, ‘ The Theory of the Earth,’ 
seems to me to be one of the most remarkable contributions to 
geology which is recorded in the annals of the science. So far as 
the not-living world is concerned, uniformitarianism lies there, not 
only in germ, but in blossom and fruit. 
If one asks how it is that Hutton was led to entertain views so 

far in advance of those prevalent in his time in some respects, while 
in others they seem almost curiously limited, the answer appears to 
me to be plain. 

Hutton was in advance of the geological speculation of his time, 
_ because, in the first place, he had amassed a vast store of knowledge 
of the facts of geology, gathered by personal observation in travels of 
considerable extent, and because, in the second place, he was 
thoroughly trained in the physical and chemical science of his day, 
and thus possessed, as much as any one in his time could possess it, 
the knowledge which was requisite for the just interpretation of 
geological phenomena, and the habit of thought which fits a man for 
scientific inquiry. 

It is to this thorough scientific training that I ascribe Hutton’s 
steady and persistent refusal to look to other causes than those now 
in operation for the explanation of geological phenomena. 

Thus he writes :—‘ I do not pretend, as he [M. de Luc] does in his 
f 
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theory, to describe the beginning of things. I take things such as 
T find them at present; and from these I reason with regard to that 
which must have been’’*. 

And again:— A theory of the earth, which has for object 
truth, can have no retrospect to that which had preceded the present 
order of the world; for this order alone is what we have to reason 
upon ; and to reason without data is nothing but delusion. A theory, 
therefore, which is limited to the actual constitution of this earth 
cannot be allowed to proceed one step beyond the present order of 
things” f. . 

And so clear is he that no causes besides such as are now in ope- 
ration are needed to account for the character and disposition of the 
components of the crust of the earth, that he says, broadly and 
boldly :—“..... There is no part of the earth which has not had 
the same origin, so far as this consists in that earth being collected 
at the bottom of the sea, and afterwards produced, as land, along 
with masses of melted substances, by the operation of mineral 
causes” +. 

But other influences were at work upon Hutton beside those of 
a mind logical by nature, and scientific by sound training; and the 
peculiar turn which his speculations took seems to me to be unintel- 
ligible unless these be taken into account. The arguments of the 
French astronomers and mathematicians, which, at the end of the 
last century, were held to demonstrate the existence of a compensa- 
ting arrangement among the celestial bodies, whereby all perturba- 
tions eventually reduced themselves to oscillations on each side of a 
mean position, and the stability of the solar system was secured, 
had evidently taken strong hold of Hutton’s mind. 

In those oddly constructed periods which seem to have prejudiced 
many persons against reading his works, but which are full of that 
peculiar, if unattractive, eloquence which flows from mastery of the 
subject, Hutton says :— 
‘We have now got to the end of our reasoning; we have no 

data further to conclude immediately from that which actually is. 
But we have got enough; we have the satisfaction to find, that in 
nature there is wisdom, system, and consistency. For having, in the 
natural history of this earth, seen a succession of worlds, we may from 
this conclude that there is a system in nature; in like manner as, 
from seeing revolutions of the planets, it is concluded, that there is a 
system by which they are intended to continue those revolutions. But 
if the succession of worlds is established in the system of nature, it 
is in vain to look for anything higher in the origin of the earth. The 
result, therefore, of this physical inquiry is, that we find no vestige 
of a beginning,—no prospect of an end’’§. 

Yet another influence worked strongly upon Hutton. Like most 
philosophers of his age, he coquetted with those final causes which 
have been named barren virgins, but which might be more fitly 
termed the hetaire of philosophy, so constantly have they led men 

* The Theory of the Earth, vol. i. p. 173, note. + Ib. p. 281. 
t Ib. p. 71. § Ib. p. 200. 
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astray. The final cause of the existence of the world is, for Hutton, 
the production of life and intelligence. 

«< We have now considered the globe of this earth as a machine, 
constructed upon chemical as well as mechanical principles, by which 
its different parts are all adapted, in form, in quality, and in quantity, 
to a certain end; an end attained with certainty or success; and an 
end from which we may perceive wisdom, in contemplating the means 
employed. 

«« But is this world to be considered thus merely as a machine, to 
last no longer than its parts retain their present position, their pro- 
per forms and qualities? Or may it not be also considered as an 
organized body? such as has a constitution in which the necessary 
decay of the machine is naturally repaired, in the exertion of those 
productive powers by which it had been formed. 

“This is the view in which we are now to examine the globe; 
to see if there be, in the constitution of this world, a reproductive 
operation, by which a ruined constitution may be again repaired, and 
a duration or stability thus procured to the machine, considered as 
a world sustaining plants and animals”*. 

Kirwan and the other Philistines of the day accused Hutton of 
declaring that his theory implied that the world never had a begin- 
ning, and never differed in condition from its present state. Nothing 
could be more grossly unjust, as he expressly guards himself against 
any such conclusion in the following terms :— 

“But in thus tracing back the natural operations which have suc- 
ceeded each other, and mark to us the course of time past, we come 
to a period in which we cannot see any farther. This, however, is 
not the beginning of the operations which proceed in time and ac- 
cording to the wise ceconomy of this world ; nor is it the establish- 
ing of that which, in the course of time, had no beginning; it is only 
the limit of our retrospective view of those operations which have 
come to pass in time, and have been conducted by supreme intelli- 
gence’’y. 

I have spoken of Uniformitarianism as the doctrine of Hutton and 
of Lyell. If I have quoted the older writer rather than the newer, 
it is because his works are little known, and his claims on our ve- 
neration too frequently forgotten, not because I desire to dim the 
fame of his eminent successor. Few of the present generation of 
geologists have read Playfair’s ‘ Illustrations,’ fewer still the original 
‘Theory of the Earth ;’ the more is the pity; but which of us has 
not thumbed every page of the ‘Principles of Geology’? I think 
that he who writes fairly the history of his own progress in geological 
thought will not be able to separate his debt to Hutton from his 
obligations to Lyell; and the history of the progress of individual 
geologists is the history of geology. 

No one can doubt that the influence of uniformitarian views has 
been enormous, and, in the main, most beneficial and favourable to 
the progress of sound geology. 

Nor can it be questioned that uniformitarianism has even a stronger 
* Ib. pp. 16, 17 { eRe pe 083: 
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title than catastrophism to call itself the geological speculation of 
Britain, or, if you will, British popular geology. For it is eminently 
a British doctrine, and has even now made comparatively little pro- 
gress on the continent of Europe. Nevertheless it seems to me to 
be open to serious criticism upon one of its aspects. 

I have shown how unjust was the insinuation that Hutton denied 
a beginning to the world. But it would not be unjust to say that 
he persistently, in practice, shut his eyes to the existence of that 
prior and different state of things which in theory he admitted; and 
in this aversion to look beyond the veil of stratified rocks Lyell fol- 
lows him. 

Hutton and Lyell alike agree in their indisposition to carry their 
speculations a step beyond the period recorded in the most ancient 
strata now open to observation in the crust of the earth. This is, for 
Hutton, “the point in which we cannot see any farther; ” while 

Lyell tells us,— 
«The astronomer may find good reasons for ascribing the earth’s 

form to the original fluidity of the mass in times long antecedent. to 
the first introduction of living beings into the planet; but the geo- 
logist must be content to regard the earliest monuments which it is 
his task to interpret, as belonging to a period when the crust had 
already acquired great solidity and thickness, probably as great as 
it now possesses, and when volcanicrocks, not essentially differing from 
those now produced, were formed from time to time, the intensity of 
voleanic heat being neither greater nor less than it is now’’*. 

And again, “ As geologists, we learn that it is not only the present 
condition of the globe which has been suited to the accommodation 
of myriads of living creatures, but that many former states also have 
been adapted to the organization and habits of prior races of beings. 
The disposition of the seas, continents and islands, and the climates 
have varied; the species likewise have been changed; and yet they 
have all been so modelled, on types analogous to those of existing 
plants and animals, as to indicate, throughout, a perfect harmony of 
design and unity of purpose. To assume that the evidence of the 
beginning, or end, of so vast a scheme lies within the reach of our 
philosophical inquiries, or even of our speculations, appears to be in- 
consistent with a just estimate of the relations which subsist between 
the finite powers of man and the attributes of an infinite and eternal 
Being” 7. 

The limitations implied in these passages appear to me to consti- 
tute the weakness and the logical defect of uniformitarianism. No 
one will impute blame to Hutton that, in face of the imperfect con- 
dition, in his day, of those physical sciences which furnish the keys 
to the riddles of geology, he should have thought it practical wisdom 
to limit his theory to an attempt to account for “the present order 
of things”; but I am at a loss to comprehend why, for all time, the 
geologist must be content to regard the oldest fossiliferous rocks as 
the ultima Thule of his science, or what there is inconsistent with 
the relations between the finite and the infinite mind in the assump- 

* Principles of Geology, vol. ii. p. 211. t Ib. p. 613. 
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tion that we may discern somewhat of the beginning, or of the end, 
of this speck in space we call our earth. The finite mind is certainly 
competent to trace out the development of the fowl within the egg ; 
and I know not on what ground it should find more difficulty in un- 
ravelling the complexities of the development of the earth. In fact, 
as Kant has well remarked*, the cosmical process is really simpler 
than the biological. 

This attempt to limit at a particular point the progress of inductive 
and deductive reasoning from the things which are to those which 
were—this faithlessness to its own logic, seems to me to have cost 
Uniformitarianism the place, as the permanent form of geological 
speculation, which it might otherwise have held. 

It remains that I should place before you what I understand to be 
the third phase of geological speculation—namely Evoturtontsm. 

I shall not make what I have to say on this head clear unless I 
diverge, or seem to diverge, for a while from the direct path of my 
discourse, so far as to explain what I take to be the scope of geology 
itself. I conceive geology to be the history of the earth in precisely 
the same sense as biology is the history of living beings; and I trust 
you will not think that Iam overpowered by the influence of a domi- 
nant pursuit if I say that I trace a close analogy between these two 
histories. 

If I study a living being, under what heads does the knowledge I 
obtain fall? I can learn its structure, or what we callits Anatomy ; 
and its DrveLopment, or the series of changes which it passes 
through to acquire its complete structure. Then I find that the 
living being has certain powers resulting from its own activities, and 
the interaction of these with the activities of other things—the 
knowledge of which is Puystotoey. Beyond this the living being 
has a position in space and time, which is its Disrrrsurion. All these 
form the body of ascertainable facts which constitute the status quo of 
the living creature. But these facts have their causes; and the ascer- 
tainment of these causes is the doctrine of AT10Loey. 

If we consider what is knowable about the earth, we shall find that 
such earth-knowledge—if I may so translate the word geology—falls 
into the same categories. 

What is termed stratigraphical geology is neither more nor less 
than the anatomy of the earth; and the history of the succession of 
the formations is the history of a succession of such anatomies, or 
corresponds with development, as distinct from generation. 

The internal heat of the earth, the elevation and depression of its 
erust, its belchings forth of vapours, ashes, and lava are its activi- 
ties in as strict a sense, as are warmth and the movements and pro- 
ducts of respiration the activities of an animal. The phenomena of 

* “Man darf es sich also nicht befremden lassen, wenn ich mich unterstehe 
zu sagen, dass eher die Bildung aller Himmelskorper, die Ursache ihrer Bewe- 
gungen, kurz der Ursprung der ganzen gegenwartigen Verfassung des Weltbaues 
werden konnen eingesehen werden, ehe die Erzeugung eines einzigen Krauts oder 
einer Raupe aus mechanischen Griinden, deutlich und vollstandig kund werden 
wird.” —Kant’s ‘Sammtliche Werke,’ Bd. I. p. 220. 
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the seasons, of the trade winds, of the Gulf-stream are as much the 
results of the reaction between these inner activities and outward 
forces, as are the budding of the leaves in spring and their falling 
in autumn the effects of the interaction between the organization of 
a plant and the solar light and heat. And, as the study of the acti- 
vities of the living being is called its physiology, so are these pheno- 
mena the subject-matter of an analogous telluric physiology, to which 
we sometimes give the name of meteorology, sometimes that of phy- 
sical geography, sometimes that of geology. Again, the earth has a 
place in space and in time, and relations to other bodies in both 
these respects, which constitute its distribution. This subject is 
usually left to the astronomer ; but a knowledge of its broad outlines 
seems to me to be an essential constituent of the stock of geological 
ideas. 

All that can be ascertained concerning the structure, succession of 
conditions, actions, and position in space, of the earth is the matter 
of fact of its natural history. But, as in biology, there remains the 
matter of reasoning from these facts to their causes, which is just as 
much science as the other, and indeed more; and this constitutes 
geological etiology. 

Having regard to this general scheme of geological knowledge and 
thought, it is obvious that geological speculation may be, so to 
speak, anatomical and developmental speculation, so far as it relates 
to points of stratigraphical arrangement which are out of reach of 
direct observation ; or it may be physiological speculation, so far as 
it relates to undetermined problems relative to the activities of the 
earth; or it may be distributional speculation, if it deals with modi- 
fications of the earth’s place in space; or, finally, it will be etiological 
speculation, if it attempts to deduce the history of the world, as a 
whole, from the known properties of the matter of the earth in the 
conditions in which the earth has been placed. 

- For the purposes of the present discourse I may take this last to 
be what is meant by ‘ geological speculation.’ 
Now uniformitarianism, as we have seen, tends to ignore geolo- 

gical speculation in this sense altogether. The one point the catas- 
trophists and the uniformitarians agreed upon when this Society 
was founded, was to ignore it. And you will find, if you look back 
into our records, that our revered fathers in geology plumed themselves 
a good deal upon the practical sense and wisdom of this proceeding, 
As a temporary measure, I do not presume to challenge its wisdom ; 
but in all organized bodies temporary changes are apt to produce 
permanent effects; and as time has slipped by, altering all the con- 
ditions which may have made such mortification of the scientific flesh 
desirable, I think the effect of the stream of cold water which has 
steadily flowed over geological speculation within these walls, has 
been of doubtful beneficence. 

The sort of geological speculation to which I am now referring 
(geological etiology, in short) was created as a science by that famous 
philosopher Immanuel Kant, when, in 1755, he wrote his ‘ General 
Natural History and Theory of the Celestial Bodies ; or an attempt 
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to account for the constitution and the mechanical origin of the uni- 
verse upon Newtonian principles’ *. 

In this very remarkable, but seemingly little-known treatise f, 
Kant expounds a complete cosmogony, in the shape of a theory of 
the causes which have led to the development of the universe from 
diffused atoms of matter endowed with simple attractive and repul- 
sive forces. 

“Give me matter,” says Kant, “and I will build the world ;” and 
he proceeds to deduce from the simple data from which he starts, a 
doctrine in all essential respects similar to the well-known “ Nebular 
Hypothesis” of Laplacet. He accounts for the relation of the masses 
and the densities of the planets to their distances from the sun, for 
the eccentricities of their orbits, for their rotations, for their sa- 
tellites, for the general agreement in the direction of rotation among 
the celestial bodies, for Saturn’s ring, and for the zodiacal light. He 
finds in each system of worlds indications that the attractive force of 
the central mass will eventually destroy its organization by concen- 
trating upon itself the matter of the whole system; but, as the result 
of this concentration, he argues for the development of an amount of 
heat which will dissipate the mass once more into a molecular chaos 
such as that in which it began. 

Kant pictures to himself the universe as once an infinite expan- 
sion of formless and diffused matter. At one point of this he sup- 
poses a single centre of attraction set up, and by strict deductions 
from admitted dynamical principles shows how this must result in 
the development of a prodigious central body surrounded by systems 
of solar and planetary worlds in all stages of development. In 
vivid language he depicts the great world-maelstrom widening the 
margins of its prodigious eddy in the slow progress of millions of 
ages, gradually reclaiming more and more of the molecular waste, 
and converting chaos into cosmos. But what is gained at the margin 
is lost in the centre; the attractions of the central systems bring 
their constituents together, which then by the heat evolved are con- 
verted once more into molecular chaos. Thus the worlds that are, lie 
between the ruins of the worlds that have been and the chaotic ma- 
terials of the worlds that shall be; and in spite of all waste and de- 
struction Cosmos is extending his borders at the expense of Chaos. 

Kant’s further application of his views to the earth itself is to be 
found in his ‘ Treatise on Physical Geography’$ (a term under which 
the then unknown science of geology was included), a subject which 
he had studied with very great care and on which he lectured for 
many years. The fourth section of the first part of this Treatise is 
called “ History of the great changes which the earth has formerly 

* Grant (‘History of Physical Astronomy,’ p. 574) makes but the briefest 
reference to Kant. 

t “ Allgemeine Naturgeschichte und Theorie des Himmels; oder Versuch von 
der Verfassung und dem mechanischen Ursprunge des ganzen Weltgebaudes nach 
N aa Grundsatzen abgehandelt.”—Kant’s ‘Sammtliche Werke,’ Bd. 1. 
p. 207. 

} Systeme du Monde, tom. ii. chap. 6. 
- § Kant’s ‘Sammtliche Werke,’ Bd. vii. p. 145. 
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undergone and is still undergoing,” and is in fact a brief and pregnant 
essay upon the principles of geology. Kant gives an account first 
“of the gradual changes which are now taking place” under the 
heads of such as are caused by earthquakes, such as are brought about 
by rain and rivers, such as are effected by the sea, such as are pro- 
duced by winds and frost, and, finally, such as result from the ope- 
rations of man. 

The second part is devoted to the “ Memorials of the changes 
which the earth has undergone in remote antiquity.” These are enu- 
merated as:—A. Proofs that the sea formerly covered the whole earth. 
B. Proofs that the sea has often been changed into dry land and 
then again into sea. C. A discussion of the various theories of 
the earth put forward by Scheuchzer, Moro, Bonnet, Woodward, 
White, Leibnitz, Linnzus, and Buffon. , 

The third part contains an “ Attempt to give a sound expla- 
nation of the ancient history of the earth.” 

I suppose that it. would be very easy to pick holes in the details of 
Kant’s speculations, whether cosmological or specially telluric in 
their application. But, for all that, he seems to me to have been 
the first person to frame a complete system of geological specula- 
tion by founding the doctrine of evolution. 

With as much truth as Hutton, Kant could say, “I take things just 
as I find them at present, and from these I reason with regard to 
that which must have been.” Like Hutton, he is never tired of 
pointing out that “in nature there is wisdom, system, and constancy.” 
And as in these great principles, so in believing that the cosmos has 
a reproductive operation ‘‘ by which a ruined constitution may be 
repaired ” he forestalls Hutton: while, on the other hand, Kant is 
true to science. He knows no bounds to geological speculation but 
those of the intellect. He reasons back to a beginning of the pre- 
sent state of things ; he admits the possibility of an end. 

I have said that the three schools of geological speculation which 
I have termed Catastrophism, Uniformitarianism, and Evolutionism 
are commonly supposed to be antagonistic to one another; and I 
presume it will have become obvious that, in my belief, the last is 
destined to swallow up the other two. But it is proper to remark 
that each of the latter has kept alive the tradition of precious 
truths. 

CatastropuHism has insisted upon the existence of a practically un- 
limited bank of force, on which the theorist might draw ; and it has 
cherished the idea of the development of the earth from a state in 
which its form, and the forces which it exerted, were very different 
from those we now know. That such difference of form and power 
once existed is a necessary part of the doctrine of evolution. 

UNIFORMITARIANISM, on the other hand, has with equal justice in- 
sisted upon a practically unlimited bank of time, ready to discount 

- any quantity of hypothetical paper. It has kept before our eyes the 
power of the infinitely little, time being granted, and has compelled 
us to exhaust known causes before flying to the unknown. 

To my mind there appears to be no sort of necessary theoretical 



ANNIVERSARY ADDRESS OF THE PRESIDENT. xlvil 

antagonism between Catastrophism and Uniformitarianism. On the 
contrary, it is very conceivable that catastrophes may be part and 
parcel of uniformity. Let me illustrate my case by analogy. The 
working ofa clock is a model of uniform action ; good time-keeping 
means uniformity of action. But the striking of the clock is essenti- 
ally a catastrophe ; the hammer might be made to blow up a barrel 
of gunpowder, or turn on a deluge of water ; and, by proper arrange- 
ment, the clock, instead of marking the hours, might strike at all 
sorts of irregular intervals, never twice alike in the intervals, force, 
or number of its blows. Nevertheless all these irregular and appa- 
rently lawless catastrophes would be the result of an absolutely uni- 
formitarian action; and we might have two schools of clock-theo- 
rists, one studying the hammer and the other the pendulum. 

Still less is there any necessary antagonism between either of these 
doctrines and that of Evolution, which embraces all that is sound in 
both Catastrophism and Uniformitarianism, while it rejects the arbi- 
trary assumptions of the one and the, as arbitrary, limitations of the 
other. Nor is the value of the doctrine of Evolution to the philo- 
sophic thinker diminished by the fact that it applies the same me- 
thod to the living and the not-living world, and embraces in one 
stupendous analogy the growth of a solar system from molecular 
chaos, the shaping of the earth from the nebulous cubhood of its 
youth, through innumerable changes and immeasurable ages, to 
its present form, and the development of a living being from the 
shapeless mass of protoplasm we term a germ. 

I do not know whether Evolutionism can claim that amount of 
currency which would entitle it to be called British popular geology ; 
but, more or less vaguely, it is assuredly present in the minds of 
most geologists. 

Such being the three phases of geological speculation, we are now 
in a position to inquire which of these it is that Sir William Thomson 
calls upon us to reform in the passages which I have cited. 

It is obviously Uniformitarianism which the distinguished phy- 
sicist takes to be the representative of geological speculation in gene- 
ral. And thus a first issue is raised, inasmuch as many persons (and 
those not the least thoughtful among the younger geologists) do not 
accept strict Uniformitarianism as the final form of geological specu- 
lation. We should say, if Hutton and Playfair declare the course of 
the world to have been always the same, point out the fallacy by all 
means, but in so doing do not imagine that you are proving modern 
geology to be in opposition to natural philosophy. Ido not suppose 
that, at the present day, any geologist would be found to maintain 
absolute Uniformitarianism, to deny that the rapidity of the rotation 
of the earth may be diminishing, that the sun may be waxing dim, 
or that the earth itself may be cooling. Most of us, I suspect, are 
Gallios, ‘“‘ who care for none of these things,” being of opinion that, 
true or fictitious, they have made no practical difference to the 
earth, during the period of which a record is a. in stratified 
deposits. 
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The accusation that we have been running counter to the principles 
of natural philosophy, therefore, is devoid of foundation. The only 
question which can arise is whether we have, or have not, been 
tacitly making assumptions which are in opposition to certain con- 
elusions which may be drawn from those principles. And this ques- 
tion subdivides itself into two :—the first, are we really contra- 
vening such conclusions? the second, if we are, are those conclu- 
sions so firmly based that we may not contravene them? I reply 
in the negative to both these questions, and I will give you my rea- 
sons for so doing. Sir William Thomson believes that he is able to 
prove by physical reasonings, “ that the existing state of things on 
the earth, life on the earth—all geological history showing conti- 
nuity of life—must be limited within some such period of time as 
one hundred million years” (loc. cit. p. 25). 

The first inquiry which arises plainly is, has it ever been denied 
that this period may be enough for the purposes of geology ? 
The discussion of this question is greatly embarrassed by the vague- 

ness with which the assumed limit is, I will not say defined, but 
indicated,“ some such period of past time as one hundred million 
years.” Now does this mean that it may have been two, or three, 
or four hundred million years? Because this really makes all the 
difference*, 

I presume that 100,000 feet may be taken as a full allowance for 
the total thickness of stratified rocks containing traces of life; 
100,000 divided by 100,000,000=0-001. Consequently, the deposit 
of 100,000 feet of stratified rock in 100,000,000 years means that 
the deposit has taken place at the rate of +54, of a foot, or, say, 4 
of an inch, per annum. 

Well, I do not know that any one is prepared to maintain that, 
even making all needful allowances, the stratified rocks may not 
have been formed, on the average, at the rate of J, of an inch per 
annum. - I suppose that if such could be shown to be the limit of 
world-growth, we could put up with the allowance without feeling 
that our speculations had undergone any revolution. And perhaps, 
after all, the qualifying phrase “‘ some such period ” may not neces- 
sitate the assumption of more than ;4,, or s},, or 4, of an inch 
of deposit per year, which, of course, would give us still more ease and 
comfort. 

But it may be said that it is biology, and not geology, which asks 
for so much time—that the succession of life demands vast intervals ; 
but this appears to me to be reasoning in a circle. Biology takes 
her time from geology. The only reason we have for believing in the ~ 
slow rate of the change in living forms is the fact that they persist 
through a series of deposits which geologyinforms us have taken a long 
while to make. If the geological clock is wrong, all the naturalist 
will have to do is to modify his notions of the rapidity of change ac- 
cordingly. And I venture to point out that, when we are told that the 

* Sir William Thomson implies (Joc. cit. p. 16) that the precise time is of no 
consequence, “the principle is the same”; but as the principle is admitted, the 
whole discussion turns on its practical results. 
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limitation of the period during which living beings have inhabited 
this planet to one, two, or three hundred million years requires a 
complete revolution in geological speculation, the onus proband: rests 
on the maker of the assertion, who brings forward not a shadow of 
evidence in its support. 

Thus, if we accept the limitation of time placed before us by 
Sir W. Thomson, it is not obvious, on the face of the matter, that 
we shall have to alter, or reform, our ways in any appreciable 
degree ; and we may therefore proceed with much calmness, and, 
indeed, much indifference to the result, to inquire whether that 
limitation is justified by the arguments employed in its support. 

These arguments are three in number :— 
I. The first is based upon the undoubted fact that the tides 

tend to retard the rate of the earth’s rotation upon its axis. That 
this must be so is obvious, if one considers roughly that the tides 
result from the pull which the sun and the moon exert upon the 
sea, causing it to act as a sort of break upon the rotating solid 
earth. 

Kant, who was by no means a mere “ abstract philosopher,” but 
a good mathematician and well versed in the physical science of 
his time, not only proved this in an essay of exquisite clearness 
and intelligibility, now more than a century old*, but deduced from 
it some of its more important consequences, such as the constant 
turning of one face of the moon towards the earth. 

But there is a long step from the demonstration of a tendency to 
the estimation of the practical value of that tendency, which is all 
with which we are at present concerned. The facts bearing on this 
point appear to stand as follows :— 

It is a matter of observation that the moon’s mean motion is (and 
has for the last 3000 years been) undergoing an acceleration rela- 
tively to the rotation of the earth. Of course this may result from 
one of two causes: the moon may really have been moving more 
swiftly in its orbit; or the earth may have been rotating more slowly 
on its axis. 

Laplace believed he had accounted for this phenomenon by the 
fact that the eccentricity of the earth’s orbit has been diminishing 
throughout these 3000 years. This would produce a diminution of 
the mean attraction of the sun on the moon, or, in other words, an 
increase in the attraction of the earth on the moon, and, conse- 
quently, an increase in the rapidity of the orbital motion of the 
latter body. Laplace, therefore, laid the responsibility of the ac- 
celeration upon the moon; and if his views were correct, the tidal 
retardation must either be insignificant in amount, or be counteracted 
by some other agency. 

Our great astronomer Adams, however, appears to have found a 
flaw in Laplace’s calculation, and to have shown that only half the 

* “Untersuchung der Frage ob die Erde in ihrer Umdrehung um die Achse, 
wodurch sie die Abwechselung des Tages und der Nacht hervorbringt, einige 
Veranderung seit den ersten Zeiten ihres Ursprunges erlitten habe, &c.”—Kant’s 
*Sammtliche Werke,’ Bd. i. p. 178. 
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observed retardation could be accounted for in the way he had sug- 
gested. There remains, therefore, the other half to be accounted for ; 
and here, in the absence of all positive knowledge, three sets of hy- 
potheses have been suggested :— 

a. M. Delaunay suggests that the earth is at fault, in consequence 
of the tidal retardation. Messrs. Adams, Thomson, and Tait work 
out this suggestion, and, “on a certain assumption as to the pro- 
portion of retardations due to the sun and the moon,” find the earth 
may lose 22 seconds of time in a century from this cause. (Sir 
W. Thomson, J. ¢. p. 14.) 

6. But M. Dufour suggests that the retardation of the earth (which 
is hypothetically assumed to exist) may be due in part, or wholly, to 
the increase of the moment of inertia of the earth by meteors falling 
upon its surface. This suggestion also meets with the entire ap- 
proval of Sir W. Thomson, who shows that meteor-dust, accumula- 
ting at the rate of 1 foot in 4000 years, would account for the re- 
mainder of retardation. (LZ. c. p. 27.) 

c. Thirdly, Sir W. Thomson brings forward an hypothesis of his 
own with respect to the cause of the hypothetical retardation of the 
earth’s rotation :— 

«Let us suppose ice to melt from the polar regions (20° round 
each pole, we may say) to the extent of something more than a foot 
thick, enough to give 1:1 foot of water over those areas, or 0-006 of 
a foot of water if spread over the whole globe, which would in reality 
raise the sea-level by only some such undiscoverable difference as # 
of an inch or an inch. ‘This or the reverse, which we believe might 
happen any year, and could certainly not be detected without far 
more accurate observations and calculations for the mean sea-level 
than any hitherto made, would slacken or quicken the earth’s rate as 
a timekeeper by one-tenth of a second per year.” (LZ. ¢. p. 27.) 

T do not presume to throw the slightest doubt upon the accuracy 
of any of the calculations made by such distinguished mathema- 
ticians as those who have made the suggestions I have cited. On 
the contrary, it is necessary to my argument to assume that they are 
all correct. But I desire to point out that this seems to be one of the 
many cases in which the admitted accuracy of mathematical processes 
is allowed to throw a wholly inadmissible appearance of authority 
over the results obtained by them. Mathematics may be compared 
to a mill of exquisite workmanship, which grinds you stuff of any 
degree of fineness; but, nevertheless, what you get out depends on 
what you put in; and as the grandest mill in the world will not ex- 
tract wheat-flour from peascods, so pages of formule will not get a 
definite result out of loose data. 

In the present instance it appears to be admitted :— 
1. That it is not absolutely certain, after all, whether the moon’s 

mean motion is undergoing acceleration, or the earth’s rotation re- 
tardation*. And yet this is the key of the whole position. 

2. If the rapidity of the earth’s rotation is diminishing, it is not 

* It will be understood that I do not wish to deny that the earth’s rotation 
nay be undergoing retardation. 
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certain how much of that retardation is due to tidal friction,—how 
much to meteors,—how much to possible excess of melting over ac- 
cumulation of polar ice during the period covered by observation, 
which amounts, at the outside, to not more than 2600 years. 

3. The effect of a different distribution of land and water in mo- 
difying the retardation caused by tidal friction, and of reducing it, 
under some circumstances, to a minimum, does not appear to be 
taken into account. 

4, During the Miocene epoch the polar ice was certainly many feet 
thinner than it has been during or since the Glacial epoch. Sir W. 
Thomson tells us that the accumulation of something more than a foot 
of ice around the poles (which implies the withdrawal of, say, an inch 
of water from the general surface of the sea) will cause the earth to 
rotate quicker by one-tenth of a second per annum. It would ap- 
pear, therefore, that the earth may have been rotating, throughout 
the whole period which has elapsed from the commencement of the 
Glacial epoch down to the present time, one, or more, seconds per an- 
num quicker than it rotated during the Miocene epoch. 

But, according to Sir W. Thomson’s calculation, tidal retardation 
will only account for a retardation of 22” in a century, or 22, (say +) 
of a second per annum. 

Thus, assuming that the accumulation of polar ice since the Mio- 
cene epoch has only been sufficient to produce ten times the effect of 
a coat of ice one foot thick, we shall have an accelerating cause which 
covers all the loss from tidal action, and leaves a balance of 4 of a 
second per annum in the way of acceleration. 

If tidal retardation can be thus checked and overthrown by other 
temporary conditions, what becomes of the confident assertion, based 
upon the assumed uniformity of tidal retardation, that ten thousand 
million years ago the earth must have been rotating more than twice 
as fast as at present, and, therefore, that we geologists are “in di- 
rect opposition to the principles of Natural Philosophy” if we spread 
geological history over that time ? 

II. The second argument is thus stated by Sir W. Thomson :—* An 
article, by myself, published in ‘ Macmillan’s Magazine’ for March 
1862, on the age of the sun’s heat, explains results of investigation 
into various questions as to possibilities regarding the amount of heat 
that the sun could have, dealing with it as you would with a stone, 
or a piece of matter, only taking into account the sun’s dimensions, 
which showed it to be possible that the sun may have already illu- 
minated the earth for as many as one hundred million years, but at 
the same time rendered it almost certain that he had not illuminated 
the earth for five hundred millions of years. The estimates here are 
necessarily very vague; but yet, vague as they are, I do not know 
that it is possible, upon any reasonable estimate founded on known 
properties of matter, to say that we can believe the sun has really 
illuminated the earth for five hundred million years.” (J. ¢. p. 20.) 

I do not wish to “ Hansardize” Sir William Thomson bylaying much 
stress on the fact that, only fifteen years ago, he entertained a totally 
different view of the origin of the sun’s heat, and believed that the 
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energy radiated from year to year was supplied from year to year— 
a doctrine which would have suited Hutton perfectly. But the fact 
that so eminent a physical philosopher has thus recently held views 
opposite to those which he now entertains, and that he confesses his 
own estimates to be “ very vague,” justly entitles us to disregard 
those estimates if any distinct facts on our side go against them. 
However, I am not aware that such facts exist. As I have already 
said, for anything that I know, one, two, or three hundred millions 
of years may serve the needs of geologists perfectly well. — 

III. The third line of argument is based upon the temperature of 
the interior of the earth. Sir W. Thomson refers to certain investi- 
gations which prove that the present thermal condition of the interior 
of the earth implies either a heating of the earth within the last 
20,000 years of as much as 100° F., or a greater heating all over 
the surface at some time further back than 20,000 years, and then 
proceeds thus :— 

<< Now, are geologists prepared to admit that, at some time within 
the last 20,000 years, there has been all over the earth so high a 
temperature as that? I presume not; no geologist—no modern 
geologist—would for a moment admit the hypothesis that the present 
state of underground heat is due to a heating of the surface at so 
late a period as 20,000 years ago. If that is not admitted, we are 
driven tv a greater heat at some time more than 20,000 years ago. 
A greater heating all over the surface than 100° Fahrenheit would 
kill nearly all existing plants and animals, I may safely say. Are 
modern geologists prepared to say that all life was killed off the 
earth 50,000, 100,000, or 200,000 years ago? For the uniformity 
theory, the further back the time of high surface-temperature is put 
the better; but the further back the time of heating, the hotter it 
must have been. The best for those who draw most largely on time 
.is that which puts it furthest back ; and that is the theory that the 
heating was enough to melt the whole. But even if it was enough 
to melt the whole, we must still admit some limit, such as fifty million 
years, one hundred million years, or two or three hundred million 
years ago. Beyond that wecannot go.” (ZL. c. p. 24.) 

It will be observed that the << limit” is once again of the vaguest, 
ranging from 50,000,000 years to 300,000,000. And the reply is, 
once more, that, for anything that can be proved to the contrary, one 
or two hundred million years might serve the purpose, even of a 
thorough-going Huttonian uniformitarian, very well. 

But if, on the other hand, the 100,000,000 or 200,000,000 years 
appear to be insufficient for geological purposes, we must closely cri- 
ticise the method by which the limit is reached. The argument is 
simple enough. Assuming the earth to be nothing but a cooling 
mass, the quantity of heat lost per year, supposing the rate of cooling 
to have been uniform, multiplied by any given number of years, will 
give the minimum temperature that number of years ago. 

But is the earth nothing but a cooling mass, “ like a hot-water jar 
such as is used in carriages,” or * a globe of sandstone”? and has its 
cooling been uniform? An affirmative answer to both these ques- 
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tions seems to be necessary to the validity of the calculations on 
which Sir W. Thomson lays so much stress. 

Nevertheless it surely may be urged that such affirmative answers 
are purely hypothetical, and that other suppositions have an equal 
right to consideration. 

For example, is it not possible that, at the prodigious temperature 
which would seem to exist at 100 miles below the surface, all the me- 
tallicbases may behave as mercury does at a red heat, when it refuses to 
combine with oxygen; while, nearer the surface, and therefore at a 
lower temperature, they may enter into combination (as mercury does 
with oxygen a few degrees below its boiling-point) and so give rise 
to a heat which is totally distinct from that which they possess as 
cooling bodies? And has it not also been proved by recent re- 
searches that the quality of the atmosphere may immensely affect its 
permeability to heat, and consequently profoundly modify the rate 
of cooling of the globe as a whole? 

I do not think it can be denied that such conditions may exist, 
and may so greatly affect the supply and the loss of terrestrial heat 
as to destroy the value of any calculations which leave them out of 
sight. 

My functions as your advocate are at end. I speak with more 
than the sincerity of a mere advocate when I express the belief that 
the case against us has entirely broken down. The cry for reform 
which has been raised without, is superfluous, inasmuch as we have 
long been reforming from within with all needful speed. And the 
critical examination of the grounds upon which the very grave 
charge of opposition to the principles of Natural Philosophy has 
been brought against us rather shows that we have exercised a wise 
discrimination in declining to meddle with our foundations at the 
bidding of the first passer-by who fancies our house is not so well 
built as it might be. 
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The following communications were read :— 

1. Note comparing the GroLoeicaL SrructuRE of NoRTH-WESTERN 
SrBerra with that of Russia in Evrore. By Sir Roprerick I. Mur- 
cHison, Bart., K.C.B., G.C.St.8., F.R.S., V.P.G.8., &e. 

My old associate, Count A. von Keyserling, who, with M. de Ver- 
neuil, cooperated with me in producing the work entitled ‘ Russia 
and the Ural Mountains,’ has recently acquainted me with some 
phenomena relating to countries beyond the limits of our researches, 
which are, it seems to me, of sufficient importance to be laid before 
the Geological Society. 

In the expedition undertaken by M. Lahost, to discover the 
remains of Mammoths in sitw and other objects on the banks of the 
Lena, it was clearly ascertained that, besides those comparatively 
modern deposits in which bones of these animals are found, a vast 
tract of country lying between the rivers Lena and Jenissei is occu- 
pied by Upper Silurian rocks, which, judging from their organic 
remains, are of the same type as those collected by Keyserling on 
the river Vachkina, in the region of the Petchora, and described by 
him in our joint work. 

_ Among the formations younger than the Silurian are Carbonife- 
rous rocks, some of which contain beds of coal several fathoms thick, 
whilst cupriferous schists and graphite also occur. 
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In alluding to the highly important researches of that good 
paleontologist Schmidt, who has been exploring several parts of 
Siberia, Count Keyserling states that he is of opinion that the chief 
masses of the Secondary deposits which have been observed in 
Northern Siberia are not, as Eichwald supposes, of Cretaceous age, 
but that on closer examination their fossils will be found to agree 
with those of Oolitic or Jurassic type, of which an account is given 
by Keyserling in ‘ Russia in Europe and the Ural Mountains,’ 7. e. 
the remains derived from the Petchora region, which is the next 
adjacent tract on the west to the Siberian region in question. 

This view is maintained by the fact that Lindstrém has described 
exactly analogous fossils from Spitzbergen, from rocks which overlie 
Triassic deposits. At the same time it is to be noted that these 
fossils are somewhat peculiar, and should be classed as the Arctic 
types of the Mesozoic formations of that age. 

It has been ascertained by M. Schmidt that the banks of the 
Jenissei, as well as those of some of its affluents, are occupied by 
Postpliocene accumulations, similar to those which my associates 
and self found lying on Paleozoic limestones at Ust Vaga and other 
places on the borders of the great river Dwina, at Archangel. 

I have called attention to these recent observations, because from 
them we learn that the classification which my friends and self 
applied to Russia in Europe has a still wider application, extend- 
ing far to the Asiatic side of the Ural Mountains. That zone of 
eruptive, disturbed, and metamorphic rocks being passed over, many 
of the sedimentary formations which occupy wide spaces in Europe, 
reappear again in their normal European characters, and occupy 
vast spaces in Siberia. 

It is right to add that M. Schmidt (whose health, I regret to 
hear, suffered much in making these adventurous journeys) has 
come to the conclusion that Mammoths lived in Northern Siberia ; 
for, judging from the remains of the fossil and semifossil trees of the 
region, he infers that in the days of those huge elephants the climate 
of Siberia was somewhat more temperate than at present, and that 
after the Glacial epoch the cold was for a time mitigated. 

_ These additional data respecting the extension into Siberia of vast 
and slightly undulating, and to a great extent horizontal and un- 
broken formations, which each respectively occupy such wide areas, 
lead to the inquiry what can have been the deep-seated cause which, 
excepting along the north and south axis of the Ural Mountains, has 
prevented the extrusion through the crust of the globe of those 
igneous rocks which have at various periods so highly diversified the 
outlines of numerous geological formations in many other parts of 
the globe. 
When speculating on the intervening matter which may have 

checked the issue of such igneous materials over so wide an area, the 
late Leopold von Buch once suggested to me, in conversation, that 
possibly at some very remote period a vast sheet of hypersthene or 
other submarine volcanic matter may have so spread over the surface 
of the lower or more central regions of the Paleozoic deposits as, on 
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condensing, to form a bar to to all future outburst, and thus save 
these vast regions from the earthquakes, dislocations, and ruin which 
have for ages affected all those countries wherein the issue of such 
internal forces is not checked, and particularly where great fissures 
or deep longitudinal cracks in the crust exist. 

The Ural Mountains, lying as they do between two vast undis- 
turbed regions, and replete as they are with many varieties of such 
eruptive rocks, afford a fine illustration of this view. 

So also at several points around the centre of Russia in Europe, 
as in the environs of Petrozavodsk and the Lake Onega in the north, 
and in the region of the Southern Steppes. 

It is within these zones of subterranean disturbance that the 
huge and wide-spread deposits of Russia and Siberia exhibit un- 
questionable proofs that they have been disturbed violently. They 
have simply undergone equable movements of elevation and de- 
pression, and exhibit strata of very high antiquity, often covered 
with Postpliocene and arctic deposits, which, if we judged merely 
from the conformity of their mutual arrangement, might be supposed 
to be of the same or nearly the same age, though in reality they 
were separated by long epochs in time. 

In regard to the geology of Russia in Europe, Count Keyserling in- 
forms me that M. Grewinck has discovered white fossiliferous chalk 
in parts of the great Sarmatian plain, where its existence was un- 
known owing to the cover of Quaternary and allied deposits :— 

1. At Baltishke, north-east of Koyno, and near the banks of the 
river Noveja, where the rock is covered by 4 or 5 feet of Quaternary 
deposit, it contains the following fossils—RHotulina trachyomphala 
(Reuss), Cristellaria rotulata (Lam.), Rotulina polyraphis (Reuss), 
Fromentulina levigata (Romer), Bulimina intermedia (Reuss), Tea- 
tllaria globifera (Reuss), Globigerina cretacea (D’Orb.), Frondularia, 
Dentalina, Cytherea, of species not determined, with species of Echi- 
noderms and large Inocerami. 2. At Melden, a country-house in 
Courland, on the river Lendisk, below Nigrande, where, beneath a 
cover of lignite, beds of chalk with several of the above-mentioned 
fossils, including Jnocerami, repose on Permian rocks. 

These Cretaceous rocks, separated by great distances, seem closely 
to resemble those of Lemberg in Gallicia, and of Grodno in Russia ; so 
that we may infer that, originally, the chalk formation had a very 
wide extension in this region, whilst we know that it appears in force 
low down the Volga and in the Government of Orenburg. Its denu- 
dation in the two localities cited accounts for the great admixture of 
chalk flint which is found in the so-called drift of these tracts. 

M. Grewinck has also made inquiries into the real source of the 
vast quantities of amber which are found on the beach or by dredge 
along the shore near Memel*. He suggests that it may be carried 
down by rivers into that sea from the deposits of that age which 
occupy the large adjacent region of Russia and Poland. I am the 
more disposed to believe that these interior tracts are truly those 

* [On this point see Dr. Zaddach’s memoir on Amber, translated in ‘ Quarterly 
Journal of Science’ for April.—H. M. J.] 

B2 
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whence the amber has been derived from what came under my own 
notice. The late Emperor Nicholas presented to me a mouthpiece 
of a pipe formed out of a block of amber which was dug out in his 
presence, at a depth of 18 feet, in the province of Grodno. On 
asking me if I was aware of amber occurring in that region, I opened 
the Geological Map of Russia prepared by myself and friends, and, 
pointing to the yellow colour which extended from that province to 
the Baltic Sea, I directed His Majesty’s attention to the word amber 
inscribed on the coast-line as being found in these Tertiary deposits. 

Discussion. 

Sir RopErtcx Murcuison, in explanation of the paper, referred to 
a geological map of Russia, and gave a general sketch of the bearing 
of the paper on the previously known geology of that country. He 
mentioned the discovery by M. Grewinck of beds of brown coal 
containing amber, and overlying true chalk. The amber in the 
Baltic had been supposed to have been washed out of beds beneath 
the sea; but Count Keyserling has suggested that the amber may 
have been brought down by the rivers from the interior, and depo- 
sited in the Baltic. Sir Roderick also called attention to the absence 
of igneous rocks in Russia to the west of the Ural Mountains. 

2. On a Section of a WELL at KissineEN. 
By Dr. F. Sanppererr, For. Corr. G.S. 

[Communicated by Sir R. I. Murchison, Bart., K.C.B., F.R.S., F.G.S.] 

(Abstract. ) 

Tur beds which have been pierced by the bore of the Schénborn 
Well (2001 feet 9 in. in depth) at the Upper Salinen, near Kissingen, 
have already been several times described, but, in the author’s 
opinion, not in a manner which has led to a clear knowledge of 
them. He therefore examined carefully the specimens which still 
retained the original labels, and even conveyed them to Wiirzburg 
for analysis. 

He considered it highly desirable, in the first place, to ascertain a 
datum-line remaining constant over a wide area; and such he deter- 
mined to be the blackish-blue limestone which was bored through 
at the depth of from 1698 to 1740 feet (see Section, p. 6). It con- 
sists of two varieties—one pyritous and the other free from bisul- 
phide of iron. The colour is deep blackish grey, the structure close, 
and the fracture almost conchoidal. A quantitative determination 
gave 60-20 per cent. of carbonate of lime, and 17-22 per cent. of 
carbonate of magnesia. The rock is therefore a very bituminous and 
argillaceous dolomite. It corresponds accurately with the upper- 
most bituminous Plattendolomit of the Zechstein of the Hartz and 
Thuringia, and with hand-specimens from Eisenach, Aschaffenberg, 
and Gera. 

The upper boundary of the Zechstein-formation having been thus 
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fixed, it follows that the strata overlying the above-mentioned Plat- 
tendolomit, and ranging from a depth of 1590 ft. 9 in. to 1698 ft. 
10 in., belong to the lowest part of the Bunter Sandstone; while 
those that immediately underlie it, at a depth of from 1740 to 2001 
feet, must be referred to the upper region of the Zechstein. 

The limestones which were so repeatedly raised during the boring 
caused the reference of the former series to the Zechstein; but the 
author states, as the result of his examination, that they differ in 
all their relations from the deeper limestones occurring at 1698 feet 
and upwards, and, on the other hand, correspond in none of their 
characters with the Plattendolomit (the uppermost member of 
the Zechstein), and that they therefore belong to the Bunter Sand- 
stone. 

Limestones being particularly abundant in the lowest portion of 
the Bunter Sandstone in Thuringia and in the district of Magdeburg, 
and occurring even in two forms, viz. (1) as ‘‘ Rogenstein,” often very 
coarse-grained, and (2) as close or fine-grained so-called “ Hornkalk,” 
the author concludes, from the comparison of a very complete series 
of them, that the “ Hornkalk” corresponds entirely in petrogra- 
phical and chemical characters with the beds in question,—and also 
that beds of rock-salt, analogous to those of Stassfurt or Schone- 
beck*, cannot be reckoned upon in Franconia; for the strata in 
which they lie are but slightly developed on the southern margin 
of the Thiringer-Wald, and at the best contain very little saline 
matter. oe 

Below the Plattendolomit of the Zechstein, from the depth of 
1740 feet to 1884 feet follow saline clays of red, bluish, and brownish 
colour, which appear to be traversed by lines of anhydrite, or of 
white gypsum. Boiling water extracts from them a tolerably large 
quantity of alkaline chlorides (one specimen of the red saline clay 
yielded 3:21 per cent. of chloride of sodium with very little chloride 
of potash), and little of the sulphates; they are evidently the prin- 
cipal source of the saline contents of the Kissingen wells. 

The still deeper anhydrite, from 1884 to 2001 feet, is dirty bluish- 
grey, very hard, and here and there contains druses, in which 
crystals of the mineral appear to have been formed. 

At a depth of 2001 feet the boring was discontinued, in conse- 
quence of the breaking and jamming-in of the chisel; and the ques- 
tion therefore still remains, whether the anhydrite forms the base of 
the salt-bearing beds of the Zechstein in Franconia, or whether it 
is only an intercalated bed between an upper very poor deposit, 
which owes its importance entirely to the mineral waters which derive 
their salt from it, and a lower and richer rock-salt formation. 

That this is possible appears, e.g., from the fact that in the 
Triassic deposits of Baden and Lothringen the salt-bearing portion 
contains several divisions of the pure rock-salt beds, which are 

* A very complete memoir on Schonebeck is that by C. v. Alberti in the 
Zeitschr. d. deutschen geol. Gesellschaft, vol. xix. 1866, p. 373, which gives the 
most striking proof of the rock-salt in question belonging to this series of beds, 
as shown by many well-seciions. 
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separated from one another by very thick beds of gypsum, particu- 
larly striking at Diirrheim in the Schwarzwald, near Dieuze, and at 
several other places in Lothringen. 

It is difficult to believe that while there exists a thickness of 
24 feet of pure rock-salt, associated with saturated brine, on the 
borders of the Franconian basin near Salzungen, at the neighbouring 
Neustadt well, which yields saturated brine, and at the Kissingen 
well further towards the centre, only poor saline clay should have 
been deposited. It is far more probable that a thick rock-salt deposit. 
is hidden beneath the Anhydrite, and would probably soon have 
been reached by a continuation of the boring in the Schonborn 
shaft, and thus have shown the future of the Kissingen saline wells. 

In conclusion the author epitomizes the results of his researches 
upon the section in the Schénborn-well in the accompanying sec- 
tion, and discusses the most probable mode of the formation of the 
Kissingen wells, the succession of the rocks, and their chemical 
condition, 

Section of the Schénborn Well at Kissingen. 
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Salt-rock with Gypsum and An- 
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Discussion. 
Sir R. I. Murcutson differed from the author on one point only. 

He regarded the upper member of these saliferous rocks, which is 
overlain by 1500 feet of Bunter Sandstone, as completely separated 
from that formation, and as forming the upper part of the Permian 
group. 

3. On the Formation of Dettas; and on the Evipence and Cavse of 
GREAT CHANGES in the Sea-LEVEL during the GuactaL Periop. By 
ALFRED Tytor, Esq., F.L.S., F.G.8., &c. 

(Abstract. ) 

Tue first portion of this paper is devoted to a comparison of the 
delta-deposits of the Po, Mississippi, and Ganges, by means of the 
descriptions of the strata obtained from borings in their deltas for 
water. 

The surfaces of these deltas and the alluvial plains above them 
are compared together with reference to their inclination and height 
above the sea-level; and it is found that a parabolic curve drawn 
through the extremities of each river, and through one point in its 
course, nearly represents its longitudinal section, the greatest devia- 
tion being 30 feet in some of the largest deltas. 

The delta-deposits are found to be coarser and more sandy near 
the bottom, indicating that the rivers were more rapid during the 
earlier portion of their existence. 

Messrs. Wheatley and Abbott’s descriptions of the delta of the 
Mississippi are compared with those of earlier writers; and a de- 
scription is given, from their work, of the late extensions of the 
delta into the Gulf of Mexico. 

The formation of delta-deposits is explained by the hypothesis of 
a change in the level of the sea, instead of in the level of the land 
and sea-bottom. ; 

The littoral deposits around Great Britain are investigated by the 
author, to ascertain if his hypothesis, of a fall in the sea-level of 
600 feet during the Glacial Period, is tenable. 

Some evidence of the extent of the Glacial Period is given; and 
the ice-cap hypothesis advocated by Mr. Croll is alluded to as a 
probable cause of a great reduction in the level of the sea through 
abstraction of water from the sea, and its deposition at the poles in 
the form of ice. 

The positions of the fossiliferous strata of the Quaternary Period 
are discussed with relation to Mr. Godwin-Austen’s former sugges- 
tion of a great river where the German Ocean now is, formed by 
the junction of the Rhine, Thames, and Humber. The probable 
age of the Straits of Dover is also alluded to. | 

Prof. Forbes’s examination of the fauna and flora of the British 
Isles, with a view to the determination of the sources of Alpine 
plants, induced him to believe that the British plants and animals 
migrated from Scandinavia, Germany, and France at different 
periods, some before and some after the Glacial Period; and the 
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hypothesis of a fall in the sea-level, in the author’s opinion, accords 
better with the facts described than Professor Forbes’s supposition 
of changes in the level of the land and sea-bottom. 

If Mr. Tylor’s hypothesis is correct, that there has been a fall of 
the sea-level of 600 feet during the Glacial period, followed by an 
equivalent rise, we ought to find evidence of dry land, of rivers, 
or, at least, of littoral conditions on the bottom of the sea within the 
100-fathom line of soundings. 
We should not expect to find a very continuous and unbroken 

land-surface preserved, as in the upward movement of the sea much 
ground would be covered with deposits of clay, and shingle, and 
sand, and much of the old surface removed by currents and waves. 

Sir Henry De la Beche, Professor Edward Forbes, and Mr. God- 
win-Austen have investigated the present condition of the sea- 
bottom round the British Isles ; and in their writings are to be found 
many observations of facts that may be as conveniently explained 
by the hypothesis of the change in the sea-level as by that ofa change 
in the level of the land and sea-bottom. 

Taking the facts as they stand in the writings of these authors, 
who have all treated the subject most skilfully, the hypothesis of a 
gradual fall in the sea-level of 600 feet, the author thinks, explains 
them equally well or better than that of local elevations and then de- 
pressions to exactly the same point. The great difficulty in Professor 
Forbes’s argument was to get the Scandinavian flora across the sea. 
It was necessary to suppose that the space now occupied by the 
German Ocean was elevated (of which there is no proof), in order to 
provide dry land for the plants to pass over. The Glacial Mollusca 
were found by Professor Forbes living in the deeper portions of the 
German Ocean, which, the author thinks, showed that there could 
have been no great elevation of the sea-bottom. Whether the sea- 
level were reduced or the land raised 600 feet, would have the same 
effect in producing changes of climate and increased excavating-power 
of rivers; and he thinks that all the phenomena of a great northern 
river receiving the waters of the Rhine, Thames, Humber, &c. would 
occur as described by Mr. Godwin-Austen, if the sea-level were de- 
pressed 600 feet. 

- Mr. Gwyn Jeffreys has lately recorded the discovery of specimens 
of fossil Arctic shells off the Shetland Isles in about 90 fathoms 
water. The following species were found by him in dredging, and 
are arranged in the order of their abundance :— 

Terebratula Spitzbergensis. Trochus cinereus. 
Rhynchonella psittacea. Molleria costulata. 
Pecten Islandicus. Trophon clathratus. 
Tellina calearea. Columbella halizeti. 
Mya truncata, var. Uddevallensis. | Pleurotoma pyramidalis. 

All these shells are found fossil in Sweden, and living in the 
extreme Arctic seas. None of these species are ever found in deep 
water; so that their presence, scattered over a wide area of sea- 
bottom, is remarkable, and corresponds with the discovery of shingle 
and littoral shells in the English Channel at similar depths. The 
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littoral shells of the English Channel are not Arctic species, as are 
those in the German Ocean; and this fact is a proof that the former 
were deposited on the sea-bottom of the English Channel before the 
junction of the English Channel and German Ocean at the Straits 
of Dover was effected. 

The discovery of these nine species of fossil shells by Mr. Gwyn 
Jeffreys at a depth of 90 fathoms, off the Shetland Islands, is an 
important addition to Forbes’s and Godwin-Austen’s observations. 
This discovery affords independent and corroborative proof of iden- 
tical conditions with those observed by these authors in other parts 
of the sea-bottom ; and it establishes the existence of littoral con- 
ditions in the Quaternary period near the present 100-fathom line 
in the North Sea, and is therefore an additional support to the 
hypothesis we are considering. 

A fall in the sea-level of 600 feet would not only produce littoral 
conditions off Shetland, without any change of level of the sea- 
bottom, but would tend to lower the temperature of the air very 
much, and also to increase the rainfall. There are certain conditions 
under which a rainfall of 300 inches per annum might be produced 
in our climate; but they would involve the summer heat being 130° 
Fahrenheit near the locality of a mountain-range of from 1500 to 
2000 feet in height. The amount of rainfall depends greatly upon 
the high temperature of the air at the sea-level (supposing it saturated 
with moisture) and the low temperature of the air on the mountain- 
range intercepting the aerial currents. 

We might have in our latitude a summer heat of 130° from the 
general elevation of the heat of the globe, from an increased volume 
of the Gulf-stream, and from a greater prevalence of the west and 
south-west winds. 

The pluvyial period which the author had previously proposed, 
and which was so much objected to in the discussion of May last, 
does not require any greater volume of water than has been before 
suggested by geologists, as heights of 80 feet were estimated for the 
ordinary difference of winter and summer floods in passages of two 
different memoirs by Mr. Prestwich, as occurring during what he 
considers the earlier part of the gravel-period *. 7 

There is, however, in England no appearance of tropical vegetation 
in the Quaternary deposits, such as we should expect would accom- 
pany a temperature of 130°; and we must therefore try some other 
alternative. 
We could not have rivers varying 80 feet in summer and winter 

without some such rainfall, unless we had pluvial and tidal con- 
ditions very different from those now in the Thames and Somme 
Valleys. What we want is to explain the enormous rise of rivers in 
a cold climate during the Quaternary period. 

In the year 1840 the ice brought down by a January flood, gorged 
at a point about nine miles from the mouth of the Vistula, cut a 

* [See Abstract of a paper, by Mr. Prestwich, on the Loess of the Valleys of 
the South of England and the Somme, read June 19, 1862, Proceedings of the 
Royal Society, vol. xii. p. 170.] | 
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channel through the sand-hills to the sea. This is now the mouth of 
the Vistula, that passing Dantzic having been turned into a canal*. 

I do not intend here to discuss the question of subsidences and 
elevations which have affected the surface of the earth so largely, 
and have no doubt occurred in some localities during the period 
under consideration. I would, however, remark that in Wealden, 
Eocene, or Miocene deltas there is no instance of any large fluvia- 
tile deposit having been elevated or depressed evenly over a large 
area; while all over the world a perfectly even movement of subsi- 
dence is supposed to have taken place just at the mouths of large 
rivers in the Quaternary, or most recent, period, in order to account 
for modern freshwater delta-deposits containing shells living in the 
adjoining seas being now found hundreds of feet below the sea-level. 

It would be the safer plan, in considering the remarkable gravel- 
and crag-deposits which characterize so distinctly the Quaternary 
period, to infer the size of rivers, amount of rainfall, and elevation 
of tides from the deposits themselves. Further acquaintance with 
meteorological phenomena may find a fitting explanation of the 
difficulties we meet with in explaining the position of the gravel at 
such heights above our present streams and freshwater clay, and 
sands at such depths below the sea-level. 

If the hypothesis we have been considering is a true one, that 
the sea-level fluctuated 600 feet in the Glacial period, falling gradu- 
ally and then rising again to its former level, we ought to find the 
best evidence in the Pacific Ocean among the vast littoral accumu- 
lations of the coral-zoophytes. 

The same theory of gradual subsidence, as was proposed for ex- 
plaining the delta-deposits, has been applied to explain the formation 
of the remarkable coral-islands over a tract of ocean 5000 miles long. 
The sea-bottom by this theory is supposed to subside so regularly 
and slowly that the coral-zoophytes build up their reefs and coral- 
banks at an equal rate with the fall of the sea-bottom. 

Mr. Croll’s hypothesis of an immense mass of ice at the poles 
sufficient to make the polar diameter equal to the equatorial (Phil. 
Mag. p. 302) is well known. He has (p. 305) assumed that the 
quantity of liquid water would be unchanged, as the ice in the 
southern hemisphere would be transferred to the northern hemi- 
sphere. 

The author’s hypothesis is different. 
He thinks the geological evidence of a Glacial period indicates an 

immense collection of ice at the north pole, accompanied by a low 
temperature in the tropics, and probably a very low temperature at 
the same time at the south pole. 

This would involve the supposition of a fall in the ocean-level in 
proportion to the quantity of ice collected at the poles. 

It is of course doubtful what quantity of water was abstracted 
from the ocean in this Glacial period (which Mr. Croll considers 

_ * Pfeiffer, ‘On the Vistula,’ Dantzic, 1849. The gorging of ice at the mouth 
of the Thames, Seine, and Somme may have assisted in the production of some 
of the remarkable gravel-beds in these rivers. 
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commenced 240,000 years ago, and lasted 160,000 years), and was 
stored up in the polar regions in excess of the quantity now existing 
there or what existed previously. 

This excess must have been an enormous quantity; and if equal 
surfaces of the globe were covered with ice and with water, then 
every foot of the average thickness of ice stored up in the polar 
regions above the former surface-level would cause an immediate 
fall of the sea-level also of one foot. 

The author’s supposition of a fall in the sea-level of 600 feet does 
not appear to him excessive, if the Glacial period was so important 
as we have reason to suppose it to have been. 

DIscUssIon. 

The PrestpEnt called attention to the fact that in the neighbour- 
hood of coral reefs the dead corals extend to such a vast depth 
that, supposing them all to have been formed near the surface, and 
that surface only lowered by abstraction of water to the Poles, 
the accumulation of ice must have been so great as to become in- 
credible. 

Sir Cuartus Lyzrt had already suggested to Mr. Croll that, as- 
suming the accumulation of ice at the Pole depressing the centre of 
gravity of the earth, the submergence that would have resulted had 
the quantity of water in the sea remained the same would, to some 
extent, be counteracted by the reduction in volume consequent on 
the formation of the ice. With regard to the delta of the Missis- 
sippi, the data on which he argued had considerably altered since 
first he wrote on the subject, inasmuch as recent calculations had 
doubled the estimated volume of water flowing into the sea, and 
thus it was capable of producing the same effect in half the pre- 
viously calculated time. The progress of the delta at any spot was 
of necessity variable, as the position of the mouth changed. The 
American engineers had allowed only 40 feet as the depth of the 
fluviatile deposits, whereas from boring Sir Charles had concluded 
it to be at least 500 or 600 feet. There was now reason to suppose 
that it was much more, possibly as much as 1500 feet. This 
being the case, notwithstanding the amount of work done by the 
river being doubled, his calculation as to the time required for the 
formation of the delta might not after all be so excessive. 

Mr. Prestwicn suggested that Mr. Croll’s theory involved pro- 
bably a transfer of ice from one Pole to the other, and not only a 
diminution of volume of the sea. The raised beaches round the 
coast of Britain varied considerably, and were not on one uniform 
horizon, as they must have been had they resulted from a lowering 
of the sea. The elevation of the old sea-beds during the Glacial 
period could not be accounted for by any supposition of the mere 
alteration in the volume of the sea. 

Mr. Evans pointed out that, the Cyrena being a freshwater shell, 
its position at a certain level was not connected directly with the 
height of the sea. He doubted the curve of the rivers being in all 
cases parabolic. | 
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Mr. Matter had remarked that nearly all river-courses are 
in longitudinal section hollow curves which do, in their upper 
reaches at least, appear to present more or less of the character of 
parabolas. But although the well-known formula which expresses 
the discharge at each point, and in fact the regimen of the stream, 
might seem @ priori to countenance the idea that these curves are 
parabolic, he is much disposed to think that the form of water- 
channel does not depend upon any hydrodynamic law, but simply 
upon the natural contour of the longitudinal sections of the river- 
courses, which run almost always on the bare rocky skeleton of the 
earth, and follow the forms, viewed on a broad scale, of all rocky 
anticlinals, whose slopes are always more or less hollow curves. As 
regards the long gently sloped lower reaches of all rivers, and more 
particularly of great rivers, such as those appealed to by the author, 
Mr. Mallet believed that it would be perfectly impossible to affirm 
that their longitudinal sections conformed to any particular curve. 
When plotted, such sections will be found to fit equally well to 
right lines, or, if curved, to parabolas, ellipses, arcs of circles, or 
what we please. 

Mr. Tytor replied that he had not found definite ovidleues as to 
the extension of corals downwards to such a depth as that men- 
tioned by the President. With regard to oscillation, he had merely 
treated of the southern part of England. The opening of the Straits 
of Dover would account for the existence of beaches above the 
present level, as the tides would have previously risen higher. The 
parabolic curve was that which, by actual comparison, coincided 
most closely with the longitudinal section of the banks of the rivers 
Po, Mississippi, and Ganges. 

NovemBer 25th, 1868. 

The following communications were read :— 

1. On Fuoons in the Istanp of Bequra. By G. M. Browns, Esq. 

(Communicated by the Secretary of State for Foreign Affairs.) 

[ Abstract. ] 

On the 17th of March, at 8 o’clock p.m., a steady strong wave was 
seen bearing down upon Admiralty Bay ; it had no perceptible crest, 
and was 3 feet in height; it encroached upon the land to distances 
varying from 70 to 350 feet. A second, smaller wave followed. He 0 
shock of an earthquake was felt. | 

Discussion. 

Dr. Duncan wished for some explanation of these earthquake- 
waves, more especially with regard to the effects of supposed cata- 
clysmic waves. He considered that they arose from sudden changes 
in the level of shoals or littoral tracts, and not from deep-sea 
disturbances. 
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Mr. BasBaceE suggested that, assuming an eruption of lava at the 
bottom of the ocean, there might be such an amount of steam gene- 
rated, or even such a decomposition of water, as would originate 
waves of enormous volume. . 

_ Sir C. Lyetn was inclined to the same opinion, and not to limit 
the causes of these waves to oscillations of the surface of the earth. 

2. Description of Nea Turura, an eatinct Votcano in New ZEALAND. 
By Captain F. W. Horton, F.G.S. 

On the west coast of the North Island of New Zealand, between 
Raglan and the mouth of the river Waikato, there exists an extinct 
volcano, called Nga Tutura, which, owing to its position on the sea- 
cliff, is of considerable interest. 

The south head of the Waikato is composed of a series of indu- 
rated shales and sandstones, containing Belemnites Aucklandicus, 
Hauer, Ancella plicata, Fitt., and many fossil ferns. This series 
is supposed to be of Upper-Mesozoic age, and has here a_dip of 
about 35° N.E. As we follow these beds along the coast ina south- 
easterly direction, we find their upper surface remaining tolerably 
level for about four miles, when the dip changes to the south-east, 
and in half a mile more they have descended below the sea-level, not 
to be seen again until we arrive at Otehe Point, about halfway 
between the Waikato and Raglan, where they just make their 
appearance dipping north, and are immediately cut off by a fault. 

Upon these beds Tertiary rocks lie unconformably, the lower portion 
being considered of Miocene age. First comes a coarse-grained lime- 
stone, six or eight feet thick, often passing almost into a conglomerate 
at its base, but more pure and consisting of fragments of shells and 
corals and rolled pieces of limestone at the top, and containing 
Fasciculipora mammullata (Fitt.). This limestone thins out to the 
north, and is covered by a bed of argillaceous and calcareous sand- 
stone, about 100 feet thick, containing Schizaster rotundatus, Fitt., 
Scalaria lyrata, Fitt., Pecten Williamsoni, Fitt., &. This bed gets 
coarser-grained and more siliceous to the north, and more calca- 
reous to the east. Upon it rests a bed of red or yellow sandstone, 
sometimes 300 feet thick, interbedded in places with seams of blue 
clay. These clay beds, and occasionally the sandstone itself, con- 
tain the remains of existing plants; and therefore their age is, pro- 
bably, Newer Pliocene. This series of Tertiary rocks is horizontal at 
the mouth of the Waikato; but further south, where the older rocks 
begin to dip to the south-east, these newer beds partake also of the 
same movement, dipping strongly near Waikawan to the south-east, 
then becoming horizontal, but again dipping 10° 8.E. when they 
reach Kawa. From this point they keep nearly horizontal, broken 
once only, near Makeo, by a fault, until, on reaching the Otehe 
Point, they rise up again at the same angle as the upper surface of 
the Secondary rocks, and are traversed by the same fault. 

_ Very nearly in the centre of this synclinal, the rocks are broken 
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\ Fault. through by the basaltic cone of Nga 
ie Tutura. This hill is about 600 
ys feet high, with a gently rounded 

summit, showing, from the land 
side, no sign of its volcanic origin. 
On the sea-shore, however, at low 
tide, one is able to climb out on 
the fallen masses of basalt, and 
examine its internal structure. In 
this way it is seen that the voleano 
has burst through the rocks with- 
out upturning their edges in the 
least, and covered them with ac- 
cumulations of tuff and lava. The 
lower part is filled with ashes and 
scoriz, enclosing large irregular 
blocks of the yellow sandstone, and 
dipping (roughly) N.W. and 8.E. 
from the centre. Above, the hill 
is chiefly composed of lava streams 
of basalt, containing olivine, with 
but little tuff, which fact and the 
denuded outline of the cone seem 
to show that the eruptions were 
submarine. 

From the foregoing description 
it is evident that both the forma- 
tion of the synclinal and the erup- 
tions of the volcano took place 
subsequent to the deposition of the 
yellow sandstone ; but there is no 
evidence to show whether the syn- 
clinal movement was before or 
after the eruption. Still, as we 
cannot suppose that subsidence 
took place while the pressure be- 
low was so great that it found 
vent in breaking through the over- 
lying rocks, it seems to follow that 
they must have sunk down after 
the volcano had exhausted its 
energy, and that at the same time 
the portion between the volcano 
and the fault south-east of it fell 
through lower than the rest; and, 
as I cannot imagine that a syn- 
clinal of so small an extent (only 
10 miles) could be caused by sub- 

IN sidence into a cavity at a consi- 
ee W derable depth, the conclusion ap- 
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pears to me to be irresistible that, in this case at least, the fluid matter 
that escaped as lava was not connected with a melted interior of the 
earth, but was derived from rocks not more, perhaps, than 1000 feet 
below the surface. It might, indeed, be urged that the synclinal was 
not caused by subsidence at all, but by the elevation on both sides 
when the land was rising above the sea, while the centre was held 
down. by the rivet-like form of the pipe and cone of the volcano. 
If such an argument should really be advanced in earnest, it would 
be, I imagine, sufficiently answered by the fact that the pipe of the 
volcano is almost entirely composed of loose ashes, and not at all equal 
to bear the strain necessary for such a task. 

Discussion, 

Mr. Davin Forsss could not see that the author had brought any 
conclusive proof that the lava was derived from so inconsiderable a 
depth. From his examination of the lavas of Polynesia, of Europe, 
and of other localities, he was satisfied that their chemical consti- 
tution was the same, and therefore that their products were derived, 
not from any merely local sources, but from some more or less con- 
nected extensive internal reservoir. In answer to Sir C. Lyell, he 
showed, from the eruption of Santorin, that the trachytic and 
basaltic lavas came from the same source, inasmuch as they issued 
from one and the same crater. 

Mr. W. W. Smyru was gratified that the new system of education 
of military officers was productive of such good results in a geological 
point of view. 

3. On Daxosaurus. By J. Woop Mason, Esq., F.G.S. 

(The publication of this paper is unavoidably postponed.) 

[ Abstract. ] 

Tur Kimmeridge Clay of Shotover Hill has yielded five specimens 
of the teeth of this reptile, now for the first time represented as a 
British genus. After noticing the bibliography of the subject, and 
the presence of specimens in various museums, the author proceeds 
to describe the characters of the teeth. They are large, conical, 
incurved, and slightly recurved, having two sharp, prominent, cre- 
nulated, longitudinal ridges, which are situated midway between the 
convex and concave curvatures. 

This reptile is regarded by the author as foreshadowing the form 
of dentition that characterizes the existing group of Varanide. If 
the materials were at hand for a complete definition of its compa- 
rative osteology, Dakosaurus would probably exhibit a combination 
of Lacertilian and Crocodilian characters, but with the crocodilian 
elements predominant. 
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Discussion. 

The Prestpent differed from the author as to the conclusions he 
drew from the structure of the teeth. The teeth of existing Croco- 
dilia had been but imperfectly described, and he thought he could 
point out among existing Crocodiles teeth bearing the character 
which the author regarded as Lacertilian. He agreed with Prof. 
Owen in regarding Dakosaurus as Crocodilian rather than Dinosau- 
rian or Lacertilian. 

Mr. Woop Mason had seen in the Gavial of the Ganges, and in 
the teeth of Teleosaurians from the neighbourhood of Oxford, the 
same crenulations and compression, which he regarded as indicative 
of a Lacertilian character. 

4, On the Anatomy of the Tust of Amphidetus (Echinocardium) 
Virginianus, Yorbes ; and on the Genus Breynia. By P. Martin 
Duncan, M.B., F.RB.S., Sec. G.S., &e. 

(This paper was withdrawn by permission of the Council.) 

[ Abstract. ] 

Arter a careful examination of the Miocene Amphidetus from the 
Virginian Tertiaries, the author regarded the recent species of the 
genus from the European and Australian seas as a group of very 
closely allied forms. The Crag specimen of A. cordatus, described by 
Forbes, could not be found; but the examination of a series of recent 
specimens decided that they were not specifically different from the 
Miocene form. 

The unusual form of the ambulacral spaces, the nature of the 
fasciole crossing them, and the resulting absence (more or less) of 
pores within the fasciole were asserted to be of third-rate value 
as regards structural importance ; and the author did not consider 
that the genera Echinocardium, Breynia, Lovenia, &e. had a common 
origin, or that there was a close genetic relationship between them, 
because they had this fasciolar structure. He considered the fasciole 
to be an appendage to several generic groups which were distinctly 
separated by other structural distinctions. An examination of the 
Nummulitic Breynice in the Society’s collection satisfied Dr. Dun- 
can that there were only race characters separating them from 
Breyna Austrahensis—a recent Echinoderm. The persistence of 
these species, widely distributed, and of great geological age, was 
very remarkable. . 

Discussion. 

The Prestprnt regretted, with the author, the prevailing custom 
of determining species as much by their geological position as by 
their structural affinities. He thought it was necessary to have a 
knowledge of living forms, in order to estimate correctly the value 
of the characters of extinct species. He considered that the presence 
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of similar fascioles in different genera might be explained in the 
opposite way to that which the author adopted, and that they might 
be considered evidence of genetic connexion, subsequent variations 
having produced differences of generic value. 

Mr. Gwyn Jerrreys also considered that every paleontologist 
ought to be a naturalist, as the fossil and recent forms are inti- 
mately connected by insensible gradations. All the Echinocardia 
with which he was acquainted were inhabitants of clean sand. 

Dr. Duncan, in reply, stated that if the Spatangide were classi- 
fied, generic distinctions would be observed quite irrespective of the 
presence of fascioles. He considered the fascioles, like the horns of 
Mammalia, of third-rate structural importance. One specimen from 
Arabia appeared to have a fasciole developing. He remarked that 
all the fossils were of the same size, so that it was impossible to 
determine whether the formation of fascioles was dependent on 
embryonic conditions, or whether they were developed in the perfect 
animal, 

ens Se eee 

December 9th, 1868. 

Arthur Champernowne, Esq., M.A., Dartington Hall, Totnes, 
Devon; James Thomson, Esq., Glasgow; W. Chandler Roberts, 
Ksq., F.C.S., Associate of the Royal School of Mines, Thurlow Place, 
Dulwich; John 8. Winbott, Esq., M.A., Sandridge Vicarage, St. 
Albans; Lawrence Preston, Esq., Keynshambury House, Chelten- 
ham; John H. Blake, Esq.,- Geological Survey of England and 
Wales, 9 Aberdeen Park, Highbury, N.; John Hewitt Wheatley, 
Ksq., Abbey View, Sligo; Owen Rees, Esq., 26 Albemarle Street, 
W., and Octavius Russell Fabian, Esq., 5 Bruce Terrace, Lordship 
Lane, Tottenham, were elected Fellows. 

The following communications were read :— 

1. Note on a GroLtocicaL Reconnaissance made in ARABIA PETRmA in 
the Spring of 1868. By H. Bavrrman, Esq., F.G.S., Assoc. Roy. 
School of Mines. 

[Pxate I.] 

Tue following communication is of an essentially unsystematic nature. 
Owing to the small amount of country traversed, it has not been 
possible to construct anything more than a single line of section, 
which it is believed will be more acceptable as a contribution to exact 
Geology than an attempt to frame a general geological map of the 
whole country from observations made at only a few points. The 
order followed is, therefore, that in which the sections were observed, 
making it, as the title implies, more of a geological itinerary than a 
systematic description. 

The country included in the description is that between Suez and 
the lower part of Wady Ferran, the crystalline rocks of Sinai and 
the Tertiary beds near Tir being reserved for another communica- 

VOL, XXV,—PART I, C . 
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tion, as I have not sufficient time at command to describe them in 
the present paper. 

General Outline.—As regards its physical outline, the western side 
of the peninsula of Arabia Petreea, or that part of it under immediate 
consideration, between Suez on the north and Tur on the south, along 
the coast of the Red Sea, together with the high ground behind, up 
to the culminating point of the country on the ridge of Sinai, may be 
best described as forming a series of comparatively level masses, ar- 
ranged in steps or table-lands varying in height according to their 
distance from the coast. Through these steps have been cut a number 
of valleys, comparatively deep and of tortuous course, the general level 
of the plains being broken by numerous peaks, formed either by out- 
lying masses of sedimentary strata or the undenuded edges of dykes 
of intrusive rocks, which have resisted the action of the atmosphere 
more than the softer granite and crystalline schists containing them. 

Desert near Suez.—The country from Suez southward to the mouth 
of Wady Gharandel, a distance of 40 miles, as a rule, slopes gently 
down to the sea, though in some places an old raised beach forms a 
cliff from 10 to 25 feet in height. At Moses’s Wells (Ain Mousa), 
about seven miles below Suez, the beach is very flat, so that boats 
cannot come within a considerable distance of the shore. The surface 
of the ground is strewed with marine shells and corals, often cemented 
into a kind of shelly oolite (miliolite). This recently formed rock is 
common along both sides of the Gulf of Suez, and often contains full- 
sized specimens of 7’ridacna gigantea with the nacre still fresh. At 
Suez, just opposite the hotel at the landing-place for boats, on the 
Arabian side, so much of it is found that the excavations for the 
Suez Canal are made by boring and blasting with gunpowder. 

Raised Beach.—Immediately on getting above the level of high- 
water-mark, a change is seen in the shells, which are decidedly less 
fresh in lustre and appearance, although not sensibly worn or broken, 
and occurring in large quantities. 'The worn and broken appearance 
becomes more marked on receding from the beach; and at the same 
time the character of the sand changes. The proportion of fora- 
miniferal-shells and rolled grains of shell-sand diminish by the 
admixture of grains of quartz and other comminuted rocks derived 
from the waste of the interior cliff, until at about two miles from 
the shore, and about 40 or 50 feet above high-water-mark, the 
former have almost entirely disappeared. The subsoil at Moses’s 
Wells consists of soft shales and gypseous marls, which extend across 
the bay to Suez. They are of marine origin, or at any rate have 
been below water, as in a section on the Suez and Cairo Railway, 
about half a mile from the town, they are seen to be covered by the 
raised shell-beach before mentioned. 

Desert at Moses’s Wells.—The general relation of the superficial de- 
posits near the head of the Gulf of Suez is shown in PI. I. fig. 1: ais 
the escarpment of the Tertiary rocks, probably some part of the Num- 
mulitic series. From the foot of the cliff to ¢ the ground is covered 
with small table-topped hills and ridges, formed of a limestone- 
gravel cemented into a conglomerate by means of gypsum, and about 
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4 feet in thickness. This is sufficiently hard to resist the action of 
the weather, and, to a certain extent, it protects the softer gypseous 
marls and shales underneath. As the waste of the latter still goes 
on, the blocks of conglomerate gradually lose their support and fall 
down, leaving a conical hill, which is then rapidly destroyed, unless 
a fresh conglomerate is formed in place, as frequently happens, owing 
to the ready solubility of the cementing material—gypsum. In 
some places the gravel is from 15 to 20 feet thick; but it sometimes 
happens that the pebbles disappear, leaving a bed of almost pure 
erystalline gypsum in its place. The pebbles in the conglomerate 
are almost all of Nummulitic limestone, of a dark-grey, black, or 
yellowish tint, and externally present the peculiar pitted and furrowed 
appearance caused by the scouring of drifted sand, which is so cha- 
racteristic of all the loose stones found on the African and Arabian 
deserts. At c there is a low terrace of blown sand; and from this 
point to the shore worn shells and branches of coral abound, in- 
creasing in quantity towards the beach. From ¢ to the foot of the 
hill they are almost entirely absent, only a single valve of a Pecten 
having been found between the former point and the region of the 
conglomerate-hills. 

The springs at Ain Mousa rise from the salt and gypseous shales, 
probably being fed by the drainage of the gravel-region at the back 
of them. There are 10 or 11 principal ones. The largest dis- 
charges into a basin about 30 feet in diameter, and shows a slight 
discharge of gas. There is a small deposit of bog-iron-ore in the 
basin, and, according to Heuglin, a great number of Diatomacez are 
found in the mud. An upper spring, about 150 yards to the south of 
the gardens, crowned by a solitary palm tree, which forms a promi- 
nent and welcome land-mark to the traveller returning from the 
desert towards Suez, contains a great number of (i ryprides also, 
which, together with the sand, form a basin round the point of 
diacharee. . 

The height of Moses’s Wells above high-water-mark is about 45 feet. 
Their aspect has changed considerably since the time of Heuglin’s 
visit in 1861, when it appears to have been a place of residence for 
Suez merchants, as he speaks of having lodged in the villa of the 
Belgian consular agent. ~Nowadays there is nothing approaching to 
a decent habitation, although the enclosures have increased in num- 
ber, the most pretentious being a miserable grog-shop rejoicing in the 
name of the Hotel de Bourgogne. The springs are now nearly all 
enclosed, even the higher outlying one on the hill having been in 
process of enclosure by a wire fence on our return in the month 
of June last (1868). At the same time it is also subjected to 
the incursions of visitors to a much greater extent than formerly, 
owing, no doubt, to the great influx of population at Suez and other 
points on the Isthmus, consequent on the undertaking of the canal 
from the Mediterranean to the Red Sea, and the new deep-water 
harbour for the Indian mail-steamers.. A certain amount of rest 
must, however, have been given to the place since the cessation of 
the water-supply to Suez, which town, it need scarcely be said, is no 

c2 
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longer dependent upon the salt and bitter waters of Ain Mousa and 
a group of similar springs in the valley of the isthmus, which for- 
merly supplied it, but receives good fresh water from the Nile by 
means of the so- -called sweet-water canal—a work probably of greater 
importance and significance to the wellbeing of the country and of 
the transit-trade than the more pretentious, but still unfinished, ma- 
ritime canal, from which such great results are expe by its 
spirited promoters. _ 

Moses’s Wells to Wady Amara. Fr om Ain Mousa to the southward 
for about 25 or 30 miles the desert presents the same general features 
as those last described, a gently swelling or terraced plain of sands and 
gravel, several miles broad, occupying the whole of the tract between 
the sea and the rise of the hills. The ground is covered with stunted 
bushy plants, affording a tolerable amount of feed for the camels du- 
ring the spring time, and as long as any water from the winter rains 
remains in the pools formed on the damp retentive ground, where the 
gypseous shales and clays are close to the surface; but later, or 
during the summer and autumn months, the whole becomes parched 
up and horribly barren and desolate. Sand-scored stones are abun- 
dant everywhere. Their prevalence is to be accounted for by the 
ceaseless activity of the sand-drift, as, even when the air is 
apparently calm and still, there will generally be enough wind 
moving to set the sand.in motion on the ground and a few inches 
above it. Asa rule, the hardest rocks are the best polished,—this 
being more especially the case with quartz, jasper, carnelian, and 
similar siliceous substances ; while the limestones, in addition to being 
polished, are furrowed and scored in every direction, and their sur- 
faces studded with numberless small reticulating grooves, resembling 
the hill-shading on a topographical map. Occasionally masses or 
portions of crystals of calcite are found, which, under the same in- 
fluence, have been etched in a manner in many respects similar to 
that produced by the action of a liquid solvent ; and the crystals show 
a tendency to decrement along the principal directions of cleavage. 
Many of the limestone-pebbles. are also blackened in a peculiar 
manner, nay by some apes amic or other low form of yege- 
table life. 

The plain of the desert is broken through by the numerous chan- 
nels which convey the water of the main valleys to the sea; but these 
are so small and slightly marked that they might easily be overlooked 
by travellers passing through the country in the summer time, when 
the upper watercourses are quite dry, only the recently dried and 
partially cracked muddy surfaces in places showing signs of where 
the last water had been licked up by the fiery atmosphere of the 
desert. In the winter time, however, a sudden heavy rainfall in 
the hills occasionally sends such a flood of water rolling down that 
the whole plain in; the neighbourhood of the Wady is turned for the 
time into a lake; and, according to the statements of the Arabs, 
camel-trains have occasionally been delayed for many days, until the 
flood has subsided ; and men have actually been drowned when sud- 
denly overtaken by the waters in the low ground, The wormwood- 
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bushes recall strikingly the sage-barrens of the desert in the Columbia 
Valley on the west side of America. 

The hills along the northern portion of the desert present no par- 
ticular features of interest, but form a long and tolerably uniform 
line of escarpment, not unlike that of the English Oolites or other 
flat-bedded limestones, and are probably not more than 300 or 400 feet 
in height. The only marked point is that known as Gebel Sudder, 
called ~ in addition, on the Admiralty chart, Barn Hill, which rises 
above the entrance of Wady Sudder. 

The hills in the middle distance are those of the gravel-topped allu- 
vium already mentioned as occurring in the same position behind 
Moses’s Wells. 

Along the gravel-plain many detached crystals of gypsum, of small 
size, are met with. They are tolerably perfect, and of the compound 
arrow-head type, but usually opake in places. This may be due 
either to exfoliation, attended probably with a partial dehydration, 
or to a molecular change alone. 

Near Wady Amara the raised beach is accompanied by patches of 
a kind of oolite, made up apparently of rolled fragments of shells, and 
consolidated into an extremely hard conglomerate, with a decided 
dip towards the sea. These beds are peculiarly interesting, as bear- 
ing on the distribution of organic remains in limestones, and appear 
to explain why fossils are found so irregularly in different quarries 
in the same bed. In this case it is evident that the shells imbedded 
in these consolidated deposits have a much better chance of being 
preserved than those that are lying about exposed to the air and the 
sand in the unconsolidated beach all around them. The consolida- 
tion is probably due to the joint action of the air and the sea-water ; 
and it is owing to the latter agent that the deposit has a seaward 
dip. In future times, after submergence and upheaval, these. coarse 
shelly oolitic patches ‘will most likely appear as lenticular or false- 
bedded masses in a more compact limestone. The consolidated 
beaches, with Tridacna gigantea, recall forcibly to the mind of the 
observer the Calcatre grossier of France. 

Alabaster Series—Approaching Wady Gharandel from the north, 
the ground becomes more broken as the hills come nearer the sea, and 
a line of cliff is formed by blue shaly clays, weathering to a rusty 
brown, filled with nodules and irregularly bedded masses of gypsum, 
both in the form of selenite and dull granular alabaster. The tumbled 
surface of the marls has been repeatedly rearranged by the forma- 
tion of fresh masses of gypsum, deposited from solution in the same 
manner as already noticed in describing the marls near Moses’s Wells, 
but on a much larger scale. 

The gypseous series is underlain by calcareous ee at the mouth 
of Wady Gharandel, but extends for a considerable distance up the 
valley. 

Wady Tar agn. a two miles to the north and a little to the 
eastward of this point, there is a remarkable section in a small val- 
ley called by the Bedaween Wady Taragi. ‘This is about 200 fcet 
deep, and in places more, with a breadth at the bottom of only 



22 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Dec. 9, 

15 feet; it is entirely excavated in granular massive gypsum or 
alabaster, veined with blue and grey stripes and occasional patches 
of clay, the whole being apparently a solid mass. The watercourse 
was nearly dry on the 9th of April, only a few of the pools below 
the places where there are small waterfalls in flood-time being 
filled with small quantities of intensely salt and bitter water, so that | 
it could be easily followed on foot. We traced it up for about 
14 miles, making a very tortuous course, when the cliffs appeared to 
be getting somewhat lower ; but there was no sign of the gully com- 
ing to an end as far as could be seen from the highest point reached. 
The bottom of the valley is eroded into a smooth and nearly semi- 
circular channel by the rush of the winter torrents, either in the 
solid rock or in large tumbled blocks; while, just above the flood- 
level, the side cliffs are scored into parallel grooves resembling the 
fluting of an Ionic pilaster, by the action of water charged with sand 
trickling down from above.. These grooves are about half an inch 
deep, separated from each other by small sharp-edged ridges. They 
are, as a rule, vertical, and in the direction of the flow of the water ; 
and they always end, in the most striking manner, just at the high- 
water-line. 

At intervals all along the valley an old alluvium of gravel and 
sand with fragments of gypsum, the last being exceedingly rough and 
irregular in outline, is seen at heights of between 50 and 70 feet. 
This gravel has been eroded into steep cliffs. The alabaster occur- 
ring in this valley somewhat resembles that of Chellaston and Fauld, 
in Staffordshire, but without the red veins, being only mottled with 
blue or grey bands of clay instead. The best blocks seen, lying loose 
on the watercourse and tumbled from the cliffs, cubed about 4 feet 
on the side; but it would be difficult to find one of this size perfectly 
sound, though there are many places where large masses might be 
got by quarrying. The semitranslucent variety of alabaster, such as 
that of Volterra, does not occur here; but nodules of a somewhat si- 
milar character were observed in the dark shales further to the 
north. 

Gypsum of Gharandel.—In the lower part of Wady Gharandel the 
same gypsum-marls appear, in hills of considerable height, say from 
309 to 400 feet. The principal feature is formed by a massive bed 
of opake-white gypsum, overlying dark bluish-green and gray marls 
and clays filled with selenite in fibrous masses, and occasionally in 
detached crystals. The large bed breaks up and falls, from the slip- 
ping away of the marl below it; but the tumbled blocks are mostly 
reconsolidated by the action of water, forming reconstructed beds on 
the slopes of the shales, which are again subjected to denudation, 
giving rise to hills of extremely irregular outline and structure. The 
whole of the surface of the slopes, especially the more prominent, is 
very rough and uneven, owing to the solvent action of atmospheric 
water on the gypsum. The more impure and sandy portions, which 
resist the weather better, form regular saw-backed crestings, so 
that the proesss of climbing the hills, in spite of their being mainly 
made up of ciay, is disagreeably like going along a garden-wall 
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liberally finished off with broken bottles. As in the case of Wady 
Taragi, the terraced alluvium of the valley is mainly made up 
of fragments of gypsum; and these are often formed into inclined 
planes by the slipping of the marls below. 

Gharandel (see Pl. I. fig. 2).—The lower end of Wady Gharandel, 
where the valley proper abuts upon the alluvial plain of gravel and 
sand extending about a mile from the beach inland, is about 60 or 
80 feet wide, between cliffs of a calcareous grit-stone, finely and re- 
gularly stratified, that comes out from underneath the gypsum-marls, 
which dip to the north at an angle of about 20 degrees. These beds 
are not very fossiliferous: only a few small Nautili, a Pecten, a small 
Turritella, two or three single valyes of Brachiopods, and a Serpula 
were found; and these required to be chiselled off the faces of the 
slabs in order to detach them from the rock. On the south side 
of the valley they form a tolerably high and steep cliff with a flat 
top, covered with coarse flint-gravel. South of this point, going 
towards Hammam Faraoun, the escarpment is lower, and frequently 
cut back on to dry valleys, with many detached pinnacles and square 
outliers of limestone of a white chalky character, nearly horizontal, 
and with a few layers of flint near the bottom. When broken, the 
white limestones are often found to be extremely bituminous; and 
in a small dry valley about a mile south of Wady Gharandel, a thin 
layer of bitumen similar to that of the Dead Sea was found included 
in a fallen block. Much of the lower part of the limestone is of a 
snuff-brown colour, from the amount of bitumen contained, forming 
a material similar to the Seyssel asphalt-rock, employed for making 
pavements in England and on the continent of Europe. 

The same order of things continues for about three miles: low 
ridges of soft limestone, which are often hidden for a considerable 
distance by the terraced gravels and alluvium of the valley called 
Wady Hussied, gradually approach the shore until they are succeeded 
by the great cliff of Bukel el Faroun, which rises from the sea to a 
height of about 1500 feet. This is made up of a bluish-grey or white 
erystalline limestone, not very distinctly stratified, but enough so 
to be seen dipping, at an angle of about 20 or 25 degrees, towards 
the north, a direction which would make it pass under the bituminous 
bed ; and this is most probably the case, although the exact junction 
is not seen, owing to the great spread of the superficial deposits of 
Wady Hussied. However this may be, there is no doubt of the 
occurrence of Nummulites both in the upper white and bituminous 
beds and in the more crystalline limestone below; and the same 
fossils were found some distance beyond the point where the springs 
rise. But for this there would be considerable difficulty in assign- 
ing the lower beds to their proper horizon, as they-are very much 
unlike the Nummulitic rocks of Egypt, being of a crystalline or semi- 
metamorphic character. Their resemblance to the rocks of the Wady 
Araba, on the opposite side of the Red Sea, has led Dr. Figari Bey to 
regard them as belonging to the Oolitic period ; but I have been un- 
able to concur in this view, owing to the presence of the fossils. 
The apparent metamorphic character of the rock is further increased 
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by the presence of small veins of sulphur, associated wil a white 
eranular gypsum. 

Pharaoh’s Baths.—The hot springs known as Pharaoh’s an rise 
partly out of the rock at the foot of the cliff close te the sea, or out of the 
sand of the beach. The two principal springs are the hottest, with 
a temperature, according to Figari Bey, of about 160° Fahrenheit, 
in April 1847, and, according to Russegger, of 157° in October 1838 ; 
and it probably still remains the same, although I was unable 
to ascertain this exactly, having only a comparatively short-scale 
thermometer, which could not be freely exposed to the action of the 
water without running the risk of bursting it. As it was, the mer- 
cury went up to 148 degrees immediately ; and this was the highest 
point that it was safe to try. The water is clear, with a slight 
hepatic odour, although no sulphuretted hydrogen could be found by 
the ordinary tests. It is probably only slightly saline and bitter, 
like that of all the springs in the lower part of the country near the 
shore covered by Secondary and Tertiary strata. 

Bituminous Limestone.—The white and bituminous Hinealanee 
cover a considerable tract of country southward and eastward from 
Hammam Faraoun. -The upper flint-conglomerates are seen again, 
probably as outlying patches, on the summit of a low hill in Wady 
Atal, where they rise to about 750 or 800 feet above the sea-level 
—a position that corresponds approximately with the supposed Plio- 
cene beach-line in Figari Bey’s map. - Lithologically they consist of 
finely conglomeratic calcareous sandstones, with pectens, and a softer 
bed full of large oysters, mostly in fragments. These are very similar 
to the upper brown Tertiary beds overlying the great Nummulitic 
series at Cairo. The great plain known as the Marcha, north of the 
mouth of Wady Ferran, is bounded by a continuous escarpment of 
the white beds, which in places contain sufficient salt to be considered 
worth working by the Arabs, although no great quantity can be ob- 
tained, the mineral occurring in strings and patches in marly beds, 
not more than an inch or two inches in thickness at most. It is 
probably from these rocks that the beautifully fibrous and contorted 
specimens often seen in cabinets, and marked as coming from Arabia, 
are obtained, as the same structure is very common at the locality in 
question, which is eet as Kl Laggam, and is near the bis of the 
same name. 

Another good section, illustrating the relative position of the 
white limestone and the flint-conglomerates, 1s to be seen in the 
lower part of Wady Taibe, where there seems to be a considerable 
local disturbance of the upper beds. The white beds are nearly flat 
in the valley about two miles up; but nearer the shore they roll 
under a series of red conglomerates and grey calcareous sandstones, 
full of partially rolled fragments of flints of all sizes, with a few 
pieces of Pecten, dipping seawards at about 25 degrees. A bed of 
black doleritic lava is interstratified between two of the coarse con- 
glomerates ; and an outlier of the same rock occurs at a higher level 
fartiier inland, where the beds are flatter. As far, ‘uevenieen as can 
be made out by these instances, the igneous rock i is not an intrusive 
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mass, but an old lava-flow which was poured out in shallow water 
during the formation of the flint-conglomerate. The general section 
at this place is shown in Pl. I. fig. 3. The outer horizontally 
arranged beds, consisting of the rubbish and detritus of the hills, 
form a roughly terraced cliff above the plain of the Marcha, which 
latter is most likely formed of sand and gypseous marl, like those of | 
Suez and of Moses’s Wells. 

Sarabut e Gamnal—Fflint-conglomerate-—In the higher parts of 
Wady Atal, Gharandel, and the other valleys cut through the table- 
land of the white limestone, the sections are much obscured by the 
accumulation of alluvial gravels, which increase in quantity towards 
the interior of the country ; and as the valleys are broad, with com- 
paratively low cliffs, drifted sand also accumulates in considerable 
quantities in places. On reaching the high ridge known as Sarabut 
e Gamnal, which covers the pass leading into the sandy plain of 
Ramleh, there is a great change in the character of the beds—an 
enormous quantity of coarse flint-conglomerate and white limestone 
forming the crest of the hill on either side. These, no doubt, belong 
to the same set of beds as the rocks at the mouth of Wady Gharandel 
and Wady Taibe, although developed on a greater scale; and, judg- 
ing from the size of the pebbles, they have probably been deposited 
in shallower water than the same beds further westward. A fault 
with a westerly downthrow crosses the ridge of Sarabut e Gamnal, 
throwing the flint-conglomerate against the dark-red or brown 
Triassic sandstones below. This dislocation, either alone or with a 
system of parallel fractures, is continuous for many miles in a north 
and south line, and has a marked effect on the physical geography of 
the country ; for by it the soft white and bituminous series of beds in 
the region already described are cut off, as by a wall, from the older 
rocks of the interior. 1 

Ramilch (see Pl. I. fig. 4).—The plain of Ramleh, about 1750 feet 
above the sea-level in the centre, and about ten or twelve miles 
broad from north to south, is covered with drifted and blown sand, 
resting on red and brown quartzose sandstones and conglomerates, 
the beds being nearly flat, or forming a slight anticlinal arch. On 
the northern side it is bounded by the great escarpment known as 
Jebel el Tih, which forms the edge of the Cretaceous and Tertiary 
plateau extending northward to El Arish and Palestine. The 
southern edge is deeply indented with many narrow and winding 
valleys, which are cut down to the crystalline rocks below, and 
which unite with like valleys coming from the south, from the main- 
drainage line of the district in Wady Baba. 

Tih = Bcitr ipment.—As regards the escarpment of Tih I have but 
little information to give, as it lies beyond the district where I was 
more immediately at work. For the following section I am indebted 
to my friend and associate Dr. C. Le Neve Foster, who made a flying 
visit from our camp in Wady Suoug :— 
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Section (in ascending order) of the Escarpment of Tih, starting from 
the Plain of Ramleh. 
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The above total (Ato M) may be regarded as an approximation to the 
thickness of the Lower Cretaceous rocks, the 300 feet beneath being 
assigned to the Trias, as will be shown further on. Fragments of 
several large Ammonites were found, mostly in a bad state from ex- 
posure to the weather, and too cumbrous to bring away ; so that only 
pieces of sufficient size to show the nature of the form and the pat- 
tern of the chambers were collected. 

On the top of the escarpment the beds form a broad plateau, falling 
with the dip to the northward, and far away in the distance 
crowned by an escarpment of white beds, probably the representa- 
tives of the Gharandel and Taibe bituminous series. The highest 
point of the Tih plateau is 4630 feet above the sea-level, according 
to Russegger. 

From the plain of Ramleh there is a descent of about 250 feet into 
Wady Baba, immediately to the south of which is the old mining- 
region. This comprises, within an area of about twenty square miles, 
the copper-smelting station of Nasb, the old copper-mines of Wady 
Chaly, the quarries and temple of Sarabut el Khadem, and the tur- 
quoise-mines of Wady Maghara, forming by far the most interesting 
district, from an antiquarian and geological point of view, in the 
whole of the Sinaitic peninsula. 

Nasb.—Iin the cliff at the lower end of the Nasb valley, on the 
right-hand or western side, the red-sandstone series of Ramleh is 
seen to rest unconformably on a dark-green schistose gneiss and 
mica-schist, pierced by a great number of intrusive dykes, principally 
porphyries, with small cligoclase crystals in a dark-red or black base. 
The lower member of the series is a dark-red, soft sandstone, with 
marly partings ; it is very similar in character and general appearance 
to the Lower New Red Sandstone about Chester, and may be 
from 100 to 200 feet thick. This is succeeded by lighter-coloured 
rocks of a similar character, much false-bedded, and variegated with 
yellowish, brown, red, and purple bands, making a thickness of about 
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390 to 400 feet more. The top of the hill is capped by a thin lime- 
stone, from 8 to 15 feet in thickness, which is tolerably persistent on 
the northern side of the district. It is usually grey or light brown, 
very crystalline, and at times much resembling spathic iron-ore. It 
contains a few obscure fossils, chiefly encrinite stems and rings, with 
a few imperfect sections of cups; and, according to Mr. Etheridge, 
these are to be referred to Triassic forms. Mr. Salter, on the other 
hand, states that they are Carboniferous, including forms of the ge- 
nera Fhodocrinus and Poteriocrinus, and that they are associated witb 
the spiral univalves Murchisonia and possibly Hulima., 

The thin limestone-beds are covered by other sandstones similarly 
false-bedded to those below, but of a lighter colour, and they form 
the highest rocks in the Nasb district; but further south, in Wady 
Nagb el Bedra, they are succeeded by beds of Cretaceous age. 

Age of the Sandstone.—The same series of sandstones ‘has been 
described by other geologists as occurring in Egypt and Nubia under 
similar conditions, 2. e. between older crystalline schists below and 
undoubted Cretaceous beds above. Russegger calls it “ Nubian Sand- 
stone,” colouring and describing it as Lower Cretaceous in his maps 
of Egypt, Nubia, and Arabia Petreea. The text, however (Reisen, 
vol. 11. pt. 1. p. 570), contains no positive statement to the above 
effect, but only says that the beds in question are not younger than 
the Lower-Cretaceous period. 

Figari Bey describes the tripartite arrangement of the series (two 
great. masses of sandstone, with a thin limestone between them) as 
occurring in Egypt, Sinai, and in the neighbourhood of Akaba; and 
in the latter place he states the total thickness to be about 350 feet *. 
He assigns the whole to the Trias, taking the limestone as repre- 
senting ‘the Muschelkalk, although the evidence for this determina- 
tion (other than lithological character) is not very clear. ‘The only 
fossil mentioned is a good- sized Ammonite, not named specifically, but 
said to approximate in character to a Triassic formy, I have con- 
formed to this view, without, however, wishing to express any very 
decided opinion on the subject, owing to the ee want of evidence. 

Manganese-bed of Nasb.—The thin limestones capping the hill are, 
on the western side of Wady Nasb, thrown down to the bed of the 
watercourse by a fault running nearly north and south. On both 
sides they are commonly associated with ores of iron and manganese, 
which run in a nearly continuous bed of varying thickness, as a chain 
of pockets or lenticular deposits, over the greater part of the district. 
The mineral usually consists of a compact brown hematite, passing, 
by admixture of quartz, into an iron-jasper or extremely ferruginous 
sandstone. Some of the larger beds, which are from 5 to 8 feet 
thick, contain compact and mammillated brown hematite. in large 
masses, with small, but beautifully transparent, crystals of gothite 
in the hollows. Pyrolusite is also found in considerable quantities 
in places, usually in large nodular masses, enclosed in the iron-ore 
and associated with psilomelane. The base of the cliff, throughout 

* Studii scientifici sull’ Egitto e sue adjacenze, tom. ii. Be 500. 
+ Zoid. tom. i. p. 146. 
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the entire length of the Nasb valley, is strewn with masses of a hard 
black hematite, in angular blocks with sand-scratched surfaces, hay- 

- ing a somewhat scoriaceous look. This appears to have been con- 

fused by travellers at different times with the actual copper-slags 
that exist in the same valley. Blue and green carbonate of copper, 
and a little calamine, are also found in the sandstones on the same 
horizon. : 

Old Mines.—Several small pits have been opened upon the iron 
and manganese bed, both at Nasb and on the top of the adjoining 
table-land. As far as can be made out from Arab accounts, none 
of these are of any great age, the most important dating from 
about sixty years back. Several camel-loads of pyrolusite are said 
to have been taken from a pit on the hill, and sent to Cairo as an 
experiment, the general belief being that it was sold for use in co- 
louring the eyelids (kohll) instead of galena. If this was the purpose 
to which it was really applied, we can easily understand why the ex- 
periment was never repeated. On the western side of the Nasb Valley 
there are indications of old workings, besides modern levels driven a 
short distance into the side of the hill; but their exact nature is not 
quite clear, as they have become choked up with rubbish, partly 
from the fall of the roof, but more from the sand and wash of the 
valley brought down by the rains. 

At Wady Khalig, a tributary of Wady Baba, about four miles 
below Nasb, the iron and manganese bed has been extensively exca- 
vated by the old miners. Here it occurs under the form of a soft 
schistose white marl, variegated with green and red patches, and 
contains small strings of earthy-brown iron-ore, with a little blue 
and green carbonate of copper, and the smallest possible spots of 
copper-glance or perhaps indigo copper-ore. The old workings ex- 
tend about 120 yards along the face of the hill. Near the surface 
the roof has fallen in many places, leaving a large irregular cayern, 
with several openings to the day. Deeper under the hill, where the 
rock has been better protected from the weather, the height of the 
excavation is about 5 feet, and the whole of the ground has been 
removed, with the exception of a few small pillars at distances of 
about 50 feet apart. The walls and pillars are covered with small 
chisel- or gad-marks, apparently made with a tool about 2 or £ of 
an inch in breadth. The distance to which the workings extend 
from the face of the hill is about 40 yards; but this cannot be de- 
termined exactly, as there is a considerable deposit of muddy sand 
on the floor, washed in by the rains (the bed having been followed 
on the dip), which has no doubt completely filled up the lowest part 
of the mine. In some places the roof is supported by stone and 
mortar walls ; but these are probably of newer date, having been put 
up to render the cavern secure for the purpose of a dwelling or a 
store-house. | 

There are no inscriptions or any other guide to the probable date 
of these workings; but it is evident, from the extraordinarily poor 
character of the ore, that they must belong to a very early period, 
when metals were of nearly uniform value, owing to their produc- 
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tion being confined to a few localities. Judging by the present con- 
ditions of mining economy, it may be fairly said that no such deposit 
could possibly be worked now unless the value of copper was to be 
raised to several times that of gold. On the other hand, it may be 
said that the ground worked away by the ancients was possibly 
richer than that which has been left ; but there does not appear to 
be much reason for such a supposition, as it is evident from the 
nature of the excavations that the rock has been searched with 
extraordinary diligence: numerous small cavities in the walls show 
that even the smallest nodules of ore have been removed wherever 
there was a chance of doing so without breaking down a quantity of 
dead rock. So perfectly has nearly every visible spot of ore been 
removed, that we were for some time in doubt as to whether the 
outer hollow was really an old mine and not a natural cavern. 

Copper-works of Nasb.—The ores from the mine at Wady Khalig 
were smelted in Wady Nasb, close to the springs, as is evidenced 
by the mass of slags, which forms a roughly elliptical heap about 
350 yards in length and 200 in breadth. - The depth is very variable, 
and probably not more than 8 or 10 feet at the most; and over the 
greater part of the area the slags form only a thin covering to the 
rock. Upon digging into the heaps, numerous clay twyer-nozzles, 
with an air-passage of about 2 inch diameter, were found. These 
have evidently been formed by the accretion of the slag to the wall 
of the furnace in front of the blast, and in many cases have been 
repaired by plastering fresh clay over the former face—an operation 
that is seen, from some of the broken twyers, to have been repeated 
three or four times. In one instance the slag nose has accumulated 
to such an extent as almost completely to block up the passage for 
the blast. In nearly all cases shots of metallic copper are found in- 
cluded in the slag adhering to the twyers; but not a fragment of 
unaltered ore, or of any kind of regulus, was found, although care- 
fully looked for. The only building that can be regarded as hav- 
ing formed part of a furnace is a pair of small walled enclosures of 
unequal size, the larger one being about 6 feet square, and the 
other 23 feet square, both being walled in on three sides to a 
height of about 2 feet above the ground. These may possibly 
have been the outer walls of a hearth or low blast-furnace; but 
no trace of any lining that had been subjected to the action of heat 
could be detected. In the smaller compartment a stone pestle, 
worked round, and about 14 inches in diameter, was found. 

On examining the different parts of the heap, it becomes evident, 
from the nature of the slags themselves, that several different opera- 
tions were carried on here. Thus in places the fragments are broken - 
up small, and contain many shots of metal now mostly changed into 
malachite; these are probably rich selected cinders, either from the 
first fusion, or perhaps from the refinery, which have been put on one 
side for further treatment ; while, on the other hand, at the upper 
end of the heap, crusts of well-melted clean slags, from 14 to 
2 inches in thickness, are spread over the ground, as though they 
had been allowed to flow from the furnace and solidity upon the rock 
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in the place where they are now found. It may well be, therefore, 
that these represent the operations of larger furnaces, worked per- 
haps at a later period, when the art of metallurgy was further 
advanced than was the case when the thinner and less perfectly 
melted slags were produced. 

At the lower end of the Nasb valley there is another slag-heap, of 
smaller extent, but in other respects similar to that at+the springs. 
A third was found in Wady Gharandel, upon a terrace of Nummulitic 
or Cretaceous limestone, far away from any: place producing copper- 
ores, but near water, proving that the sites for smelting-works were 
determined chiefly by the presence of springs, where there is usually 
some quantity of wood, even at the present time. The charcoal used 
for smelting appears to have been derived from the Acacia vera, 
which still flourishes round the springs; and though of late years 
the wood has been much cut down, in order to produce charcoal for 
the supply of Suez and Cairo, many of the trees are of very great 
antiquity. 

I was unable to fat any traces of the ruins of large calcining fur- 
naces, and basins that had probably served as stamps and catch-pits, 
as described by Dr. Figari Bey*. Probably these are only naturally 
jointed piles of stone, produced by the action of the weather on the 
sandstone, which breaks up into very regularly shaped masses. It 
cannot be supposed that the ancient Egyptians were in the habit of 
subjecting their ores to any complex mechanical treatment, still less 
to the process of stamping and washing, especially as, according 
to Haupt, the use of stamps was not introduced in mining until the 
16th century. 

Nasb Fault (see Pl. I. fig. 5)\—Sandstone hetiens. —The fault run- 
ning through the Nasb valley has a westerly downthrow of about 600 © 
feet. A second fault of the same kind, nearly parallel, and with a 
downthrow in the same direction, traverses the next higher valley, 
known as Wady Lechian, where the lower crystalline schists, studded 
with numerous intrusive dykes, come to the surface and form a very 
rough ridge about 500 feet in height, above which the red-sandstone 
series occurs in the usual order, attaining a height of about 1000 feet 
more in the peak of Om Riglaine, which is really a great outlier of 
nearly horizontal sandstone upon the plateau of crystalline rocks, the 
summit being a narrow ridge of about 30 or 40 yards in length and 
about 3600 feet above the sea-level (8609 feet by barometrical deter- 
mination). Several other outliers of the same character, but rising 
to greater heights, are seen from the top of Om Riglaine, the most 
important being a twin peak close by and two great masses to the 
eastward, which do not appear to have any special name other than 
Gharabi, which is applied by the Arabs as a kind of generic term 
to all mountains that are not endowed with names derived from 
poetical or legendary sources. In Wady Suoug, or Saaou, to the 
south-east of Nasb, the crystalline schists are continuously exposed 
at the bottom of the cliff, the upper sandstone being cut up into a 
number of tributary valleys. On the northern side, however, the - 

* Op. cit. vol. ii. p. 647, 
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plain of Ramleh continues, and, near the bend of Wady Saaou, forms 
a square edge, so that the drifted sand of the plain pours down like 
water over a weir, and forms great heaps on either side. 

Sarabut el Khadem, Wady Chamilé, &c. (see Pl. I. fig.4).—The ruins 
of Sarabut el Khadem are on the high sandstone-plateau, 2290 feet 
above the sea-level. There are ten sculptured stones upright, which 
are, I am informed, of the period of the 18th Dynasty. Below the 
temple or necropolis, whichever it may be, are two small quarries in the 
red sandstone, whence have been derived the blocks upon which the 
hieroglyphics were sculptured. Great numbers of flint flakes are found 
all over the plateau and in the quarries, where they are associated with 
stone hammers of a double conchoidal form. The iron and manganese 
bed crops out at the top of the hill, overlying some shaly beds con- 
taining a little green carbonate of copper, probably the same as those 
seen in the mine at Wady Khalig. The limestone-beds are also seen 
capping many of the smaller hills on the plateau. About 15 feet 
below the limestone, turquoises are found in a bed of ferruginous 
sandstone, which has been followed to a certain extent in two caves 
of ancient date, as evidenced by the hieroglyphics near the entrance. 
The workings are still kept up in a small way by the Bedaween. 
The turquoises occur principally in the joints traversing the sand- 
stone, and are apparently rare and small, though of good colour. 

From Sarabut el Khadem Wady Saaou runs in a south-easterly 
direction for about four miles to the height of land which divides it 
from Wady Chamilé. The valley is about 4 or 2 of a mile broad, 
with alluvial terraces covered in part with blown sand. The cliffs 
are everywhere formed by New Red Sandstone above gneissic rocks, 
and on the right-hand side (going up) they rise to a consider- 
able height, probably exceeding 4000 feet in the peak of Gharabi 
already mentioned. This, together with many of the neighbouring 
hills, is capped by a thick bed of markedly columnar lava. Close to 
the top of the pass, which is 2100 feet above the sea-level, the same 
rock breaks through the soft sandstones, and forms a dyke about 
50 feet thick. Here itis much decomposed, forming earthy spheroidal 
masses, the original character of which can scarcely be made out by 
inspection. Dykes of a very similar kind are found in the valley 
going up to the plain of Ramleh on the north. The course of these 
dykes is about south-east, or parallel to the direction of the 
valleys. 

After crossing into Wady Chamilé, which also runs in a south- 
easterly direction, the sandstones become softer, the valley widens, 
and is fairly well covered with grass and scrubby bushes. This con- 
tinues for about three or four miles, when the sedimentary rocks 
come to an end, only a few small and scattered outliers being visible 
on the tops of the gneissic hills. About this point the valley turns 
round to the south-west, and becomes narrow and very tortuous be- 
tween steep wall-lke cliffs of granite, with many hard red porphy- 
ritic dykes. Although perfectly dry in the summer months, there 
is abundant evidence of the effect of great floods of water coming 
down occasionally at other times of the year; and the risk of such 
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floods arising suddenly is ever present to the Arabs, who uniformly 
refuse to camp in the water-way of a dry river-bed, but always pitch 
their tents on one of the lower alluvial terraces. This winding valley, 
known as Wady Omongraf, leads into the broad expansion of Wady 
Sidreh, called Syeh Sidreh, or, by Lottin de Laval, “ Le ras des quatre 
Wadys,” just above the junction of Wady Mokattub. 

The New Red Sandstone appears again as soon as the open country 
is reached from Wady Chamilé, occupying the low ground at the foot 
of the granite rocks, which form a magnificent line of escarpment, 
about 1500 or 2000 feet high, running generally east and west to- 
wards Wady Ghenneh, below which point the valley again closes, 
being cut through hard rocks. The lithological character of the 
sandstone, though generally similar to that observed on the northern 
side of the granite, has one marked difference, namely, the absence 
of the thin limestone forming the middle member of the series, so 
that it becomes difficult to correlate the sections exactly ; and this 
difficulty is increased by the fact that the beds are not in their 
normal position, but are faulted down against the granite on the 
north, and in like manner brought against higher beds on the southern 
side of Wady Sidreh. 

Ghenneh.—VThe valley known as Wady Ghenneh is formed by the 
junction of three or four tributaries, the most important being that 
on the western side, called Wady Maghara. The lower part of the 
gorge below the junction is narrow, between steep cliffs of brownish- 
yellow sandstone, probably representing the upper part of the series ; 
but above this point the country is open, with low hills and broad 
eravel-terraces, until the graniteisreached. This last rises as a bare 
cliff, without the slightest vestige of alluvial soil or loose covering of 
any kind, to about 1500 feet above the plain or downland below. 
That the line of demarcation between the two kinds of rock is a 
fault is evidenced by a small outlying patch of the lower red sand- 
stones, resembling a low obelisk on a broad base, crowning the 
highest point of the hill, and forming the peak known as Dehemi, at 
the head of the Ghenneh valley. 

A large dyke breaks through the sandstones near their northern 
boundary, and appears to have flowed over the higher beds, leaving 
a thick mass capping a great portion of the hills to the south. Li- 
thologically this lava is generally similar to that seen near the head 
of the Chamilé pass. 

Mines of Wady Maghara.—Turquoise-mining has been carried 
on in the sandstones in Wady Sidreh, about 250 feet above the 
valley-level, and more extensively on the right-hand side of Wady 
Maghara, where the workings are at about the same height, and 
extend for about 300 yards along the face of the cliff. They arein 
two beds, about 15 or 20 feet apart, in different parts of the district, 
the most considerable being in the upper one. ‘The rock is a soft 
coarse-grained quartzose sandstone, of a light-yellow colour, mottled 
with red and brown patches where more ferruginous. The turquoises 
are found lining the small open joints which cross the rock in a ge- 
neral north aud south direction, and also in the solid sandstone a 

} 
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short distance from the joints, the best stones being found in the 
latter position, where they usually occur (more especially the larger 
ones) in the centre of small red marly or ochreous nodules. Those 
in the open joints are generally dull and white, or at the best of a 
pale-blue tint ; and as a general rule it may be said that the redder 
the rock the finer will be the colour of the turquoises it contains. 
These conditions of occurrence, although they can only be taken as 
applying to the rock as now exposed, probably are generally similar 
to those that governed the explorations of the ancients, as we see 
everywhere large areas (say from 30 to 40 yards square) excavated 
with only the smallest of pillars, and these very often much under- 
cut, with occasionally a kind of level or stope along the course of a 
erack, where a nest of mineral was probably found. The general 
system of working appears, therefore, to have been pretty much the 
same as that now adopted by the Arabs, namely, to follow the joints, 
removing the rock adjoining the side, which is then broken small and 
sifted through a sieve of about half-inch mesh. The whole of the 
coarser fragments kept back are then taken to the mouth of the 
cave, where they are carefully picked over in daylight. The likely- 
looking nodular pieces are rubbed down on a piece of rough grit, in 
order to see whether they contain turquoises or not ; andif any blue 
colour is made apparent by this treatment, the stone is considered 
to be worth keeping. 

Since the mines were abandoned by the late Major Macdonald in 
1865, no regular operations of any consequence have been carried 
on, the latest having been undertaken by a Frenchman, about two 
years since, in the lower caves of Wady Sidreh. It is said that he 
made a successful venture. The principle adopted in working was 
to provide the Arabs with tools and powder, paying a small daily 
wage in addition. The turquoises produced were then purchased 
at a rate agreed upon beforehand. A somewhat similar system was 
followed by Major Macdonald ; and it is no doubt a fair arrangement 
for both sides, having regard to the inhospitable nature of the coun- 
try, which is such as to prevent the introduction of foreign miners ; 
but unfortunately it is not easy to be sure of getting the whole of 
the produce, as the larger and more valuable stones command a ready 
sale in Egypt, and are often kept back, only the smaller and inferior 
ones being handed over to the person providing the means of 
working. 

Old Mining-tools.—The ancient workings in Wady Maghara, al- 
though much encumbered by cliff-falls at the outside, are for the 
most part accessible for a considerable distance from the surface, and 
in many instances the old faces of work may be seen. These are 
covered with small and irregular tool-marks, of such a character as 
to leave no doubt that they have been made with flint flakes, great 
numbers of which are found strewing the valleys and hill-sides, as 
well as within the workings themselves. Most of these flakes are of a 
triangular or trapeziform section, brought up to a point, which is gene- 
rally well worn and rounded, and the shape of which, when blunted, 
corresponds perfectly with the grooves on the face of the rock. In 
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one of the smaller caves, carefully examined by my friend Mr. J. K. 
Lord, the floor was covered to a considerable depth with a coating 
of impalpable dust, which, when disturbed, rose in suffocating clouds. 

On sifting this, numerous fragments of stone hammers and pieces of 

wood, some partially carbonized, but which had evidently been 
fashioned into tools, were found. The latter form segments of cy- 
lindrical blocks, with roughly conical pots (that have evidently 
been shaped with a blunt or imperfectly cutting tool) with a thickened 
head, notched round underneath as if to receive a withe or cord. 
The head bears evident marks of having been subjected to repeated 
blows. Although only a single segment of any degree of perfec- 
tion was found, there can be little doubt that these were used as 
mountings for the flint chisels employed by the ancient miners. 
Without something of the kind, it would be difficult to work with 
the flakes, owing to their tendency to break across when not struck 
fairly on the top. : 

The hammers found in the workings are mostly of a very rude 
kind ; in many cases rough natural fragments of dolorite, taken from 
the flow capping the adjacent hills, have been used, only a pair of 
holes on opposite sides, produced by the action of sand pressed upon 
the surface by the thumb and forefinger, being apparent. Some, 
however, show a little more work, having a groove, to receive a withe 
handle, cut round them, like the so-called Aztec hammers found in 
the aboriginal workings in the Lake Superior copper-mines. Most 
of them are broken at the ends, and can only be regarded as spoiled 
and waste tools. The same seems to be the case with the wooden 
fragments, many of which are partially carbonized, as though they 
had been used for making fires when no longer serviceable as tools ; 
and the same remark also applies to the flint flakes. The period 
over which the working of the mines of Wady Maghara extends, ac- 
cording to the evidence of the numerous hieroglyphic tablets cover- 
ing the face of the cliff, as interpreted by Egyptologists, extends 
from the 3rd to the 13th Manethonian dynasties, corresponding to 
an interval of about 1600 years. As far as mining and stone- 
cutting are concerned, there does not appear to have been much 
progress during this time, the older tablets being much more per- 
fectly sculptured than those of later date. The use of flints was 
continued up to the last, as is shown by a blank tablet, dressed 
smooth to receive an inscripticn, near the northern end of the work- 
ings, which was never finished. This has evidently been done with 
a flint tool, the proper face being obtained by the use of flakes of 
small size. The same sort of tools were used at Sarabut el Khadem, 
where the workings are of later date; but there the hammers appear 
to be of a somewhat more advanced type. | 

That the mines of Wady Maghara were worked for turquoises, 
and not for copper-ores, may be assumed from the absence of all 
traces of slag-heaps like those of Nasb. In the old town, on the hill 
dividing Wady Maghara from Ghenneh, a shot of copper was found 
in the bottom of a broken earthenware pot. This was probably ac- 
cidental, and owing to the presence of a fragment of some easily 
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reduced copper-ore in the clay. The inhabitants were, however, not 
entirely without metal, as a small bracelet of copper was found in a 
tomb, the only one remaining unopened, in Wady Sidreh, associated 
with lance- and arrow-heads of flint, and a necklace of beads formed 
of spiral marine shells bored through for stringing. 

Alluvium of Ghenneh.—The alluvial deposits of the Ghenneh val- 
leys have certain features of interest in connexion with the ancient 
mines. The downland at the foot of the granitic escarpment is 
covered with a gravel made up of pebbles of red, yellow, and white 
quartz, and brown sand from the waste of the Triassic sandstones ; 
a few pieces of fossil wood were also found. The watercourses are 
bounded by steep and terraced cliffs, mainly of granitic detritus, of 
a coarse but comparatively uniform grain (7 inch); but in the cen- 
tral valley these are bordered at lower levels by a coarser gravel, 
with good-sized boulders, probably indicating the return of a more 
rapidly flowing stream in later times. 

In the finer alluvium a single but unbroken shell of a large fresh- 
water bivalve was found, which, on comparison, proves to be identical 
with the large Anodon-like form, Spatha Chaziana (Lea), now living 
in the Nile. Broken fragments of the same shell were also found in 
the mine, accompanying the stone and wooden tools already men- 
tioned, and apparently having been carried in by the miners for food. 
These latter are well preserved, the nacre of the interior being fresh 
and brilliant; but the shell from the gravel is rough and white, 
having lost all trace of its original polish and colour. Unless, there- 
fore, we suppose that these shells have been brought from the Nile, 
which is not very likely, as the distance is about 300 miles, we must 
admit that, in the days of the old miners, the Ghenneh plain and 
valleys were sufficiently well watered to allow of large fluviatile mol- 
lusca living in them. But even supposing the shells to have been 
imported, the inference is that a great part of the gravels have 
been deposited, and fresh channels cut through them, in the last 
4000 years. Ne 

Alluvium of Wady Ferran &c.—The evidence, however, of the 
existence of lakes or slow-flowing rivers in Arabia Petreea is not 
confined to the somewhat doubtful case given above. In the upper 
part of Wady Ferran and the higher valley of Wady el Scheick, which 
are cut through a comparatively soft grey granitic gneiss, there are 
considerable accumulations of fine-grained well-stratified alluvium, 
forming terraced masses which, although much eroded by subsequent 
action of the weather, often attain a height of from 40 to 60 feet above 
the bottom of the valley. They have been attributed by a recent 
traveller * to the action of glaciers, and described as moraines ; but 
a close inspection proves them to be only ordinary lake- or river- 
alluvium, as in places they are full of calcareous nodules (race or 
kunkur), and also contain beds of calcareous tufa (incrusting the 
stems of carices or plants of a similar character), as well as fresh- 
water shells, including Lymnea truncatula and a species of Pisidium. 

* Dr. Oscar Fraas, ‘ Aus dem Orient. Geologische Beobachtungen am Nil, auf 
der Sinai-Halbinsel, und in Syrien,’ Stuttgart, 1867. See Anniversary Address 
of the President (W. W. Smyth), Quart. Journ. Geol. Soc. vol. xxiv. p. 211. 
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The size of these mollusks, which are far too small to be eaten, as 
well as the position in which the shells were found, is enough to 
show that they have not been brought in by human agency ; so that 
we are compelled to admit that, within modern times, or at any 
rate since the formation of the present drainage-system, the Sinaitie 
climate has been so far different that freshwater mollusks have lived 
in places that now form part of a dry stony desert. 

Cretaceous Rocks.—The sandstone series of Ghenneh is overlain to 
the westward, in Wady Sidreh and Nagb el Bédra, by Cretaceous 
rocks. These are principally soft bright-green sands, alternating 
with thin clayey liimestones,—the lowest beds containing numerous 
Echinoderms. In the long line of escarpment which extends in a 
south-westerly direction towards Wady Mokuttub the beds are not 
in their natural order, as the upper part of the sandstones, the brown 
beds, are first faulted against granite, and then, by a parallel dislo- 
cation, with a downthrow in the opposite direction, are brought, 
at a point immediately south of Wady Ghenneh, against the flint- 
conglomerate, which is very strongly developed in the form of alter- 
nations of coarse flint-shingle with thin coral-limestones and beds 
with a large coarsely ribbed Pecten. The total thickness of this 
group must be very considerable, as it rises in the hill called Abooa- 
lagha to a height of 2424 feet above the sea-level, or more than 
1600 feet above Ghenneh ; and even this position is due to its being 
on the downthrow side of a considerable fault. In the direction of 
Mokuttub the throw of the fault lessens, so that the brown sand- 
stones are brought against a small exposure of Cretaceous rocks (cal- 
careous sandstones and shales with green sands, which are succeeded 
by a soft grey limestone, covered by a thick bed of blue shaly clay 
with a little salt and gypsum, and about 500 feet of a soft chalky 
limestone with bands and nodules of flint, forming an inaccessible 
cliff, strongly recalling the aspect of an ordinary English chalk-cliff). 
The total height of the summit above the bottom of Wady Mokuttub 
cannot be less than 1000 feet. This escarpment goes by the gene- 
ral name of Gharabi. eee 

From Wady Mokuttub the Triassic sandstones take a general 
south-easterly direction, and are last seen in Wady Ferran, forming 
a chain of small outliers on the crystalline schists, about twenty 
miles below the old town. Lower down the latter valley they are 
again covered by the green sands and thin sandy limestones of the 
Cretaceous period, having the same south-westerly dip of from 17° 
to 20°. These, after an outcrop of about 14 mile along the valley, are 
covered by the white limestone, beyond which point towards the sea 
I have not followed the section. 

Age of the White Limestone-—Hitherto no opinion has been ex- 
pressed as to the age of the white limestone, and it now becomes 
needful to consider this point. On the ground, I was inclined to 
take the limestone as representing the chalk-with-flints, from the 
strong physical resemblance to that formation ; but we have seen that 
a like resemblance holds good in the bituminous chalk-with-flints of 
the Gharandel and Wady Husseid, which are proved by their fossils 
to be Nummulitic. Another piece of evidence bearing against this 
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view is furnished by the decided unconformity of the limestone upon 
the greensand in the Gharabi escarpment—although too much stress 
must not be laid on this point, owing to the number of faults run- 
ning parallel with the escarpment, some of which may have some- 
thing to do with the apparent unconformity. The ordinary rule of 
geological reasoning would perhaps be best satisfied by putting the 
whole of the chalky beds with flints into the Nummulitic series, as, in 
addition to the Nummulitic form near Gharandel, the few small fossils 
found in Wady Taibe, Wady Husseid, and the Marcha are, for the 
most part, when recognizable, Tertiary forms. As far as I can gather 
from books, a somewhat similar difficulty is experienced in Egypt, 
where the upper line of the chalk is rather arbitrarily drawn at 
certain soft limestones which are not very different in character, ex- 
cept as regards their fossils, from the lower Nummulitic beds imme- 
diately next in succession. This makes it probable that the transi- 
tion from the Cretaceous to the Tertiary period in these regions was 
not marked by any great break physically, the beds immediately 
before and after the change having been accumulated under similar 
conditions ; and probably in the Red Sea at the present day the beds 
accumulating are of an essentially chalky nature. In more recent 
times, however, a great break must have occurred between the Num- 
mulitic and the flint-conglomerate formations, as the latter is entirely 
made up of the waste of the rocks immediately preceding it; and 
how considerable this waste must have been is evidenced in the 
ridge of Abooalagha, where a mass of strata, about 600 feet thick, 
is about half composed of conglomerates, none of which contain a 
single pebble that can be referred to the New Red Sandstone, all 
being of flints. 

After leaving the New Red Sandstone in Wady Ferran, the whole 
of the country up to the convent of St. Katherine, in Sinai, with the 
exception of the fossiliferous alluvium in Wady el Scheick, is made 
up of crystalline and metamorphic rocks, which will not be further 
alluded to here, as I hope to make them the subject of a future 
communication to the Society. 

Conclusion.—The order of succession of the rocks mentioned in 
the foregoing account may be summarized as follows, in ascending 
order :-— 

1. Gneiss and granites. 
1. Lower Red Sandstones. 

. Triassic rocks, including , 2. Limestone with encrinites. 
3. Upper Brown Sandstone. 

3. peace rocks. Green sands with Echinoderms, sandy limestones, and 
shales. 

Lower part possibly Cretaceous. 
. White limestone with flints. < Upper part bituminous, with Nummu- 

lites. Hocene. 
. Flint-conglomerate with corals. Miocene. 
. Great gypseous series of Wady Taragi. 
. Reconstructed gypseous series and conglomerates. 
. Raised beaches and Miliolitic Limestones. 
. Alluvium and Desert Drift. 

Volcanic rocks appear at two periods; the older are post-Triassic 

OMAN O Be 
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but probably pre-Cretaceous, and the newer contemporaneous with 
the flint-conglomerate. 

Notes on some Specimens of Nummutrric Rocks from ARABIA and — 
Eeyer. By Prof. Rupert Jonzs, F.G.S. 

Mr. H. Baverman having requested me to examine a series of typical 
specimens of the Nummulitic rocks brought by him from the East, E 
append the following remarks on eight specimens, including a Stron- 
tian crystal, containing some Nummulites and other organisms, from 
near Cairo. 

Specimen No.1. “8. of Wady Gharandel, 7 April, 1868.” (Greyish 
brown asphaltic Nummulitic limestone, weathering white.) Mainly 
composed of Nummulina Ghyzensis*, large and small, with JV. cwr- 
vispira and N. Ramondi. Serpula present. 

No. 2. “ Asphalt. rock, 8. of Wady Gharandel, 7 April.” Like No. #8 
but browner. Contains V. Ghyzensis (large and small), pieces of Con- 
chifera, and small fragments of Echinoderms. Serpula also is present. 

No. 3. “ Asphalt Rock, 8. of Wady Gharandel, 7 April.” Light- 
brown rock (weathering white), in which Nwmmulina Ghyzensis is 
abundantly visible throughout, together with Serpule and some frag- 
ments of Kehinoderms. 

No. 4, “ Asphalt Rock, 8. of Wady Gharandel, 7 April.” A 
piece of thin-bedded (43-inch) light-brown limestone, weathering 
grey on the planes of bedding, and there showing its granular 
structure and the organic fragments of which it is mainly composed. 
On one face is. a small Ostrea, with Nummulina Ramonds. N.interme- — 
dia and pieces of Pecten(?) and of Echinoderms are seen in the mass. 

No. 5. ‘Asphalt Rock, near Gharandel, 7 April.” No definite 
organic remains are visible in this brown rock. It has the darkest 
colour of all the specimens. By treatment with acid, it is found to 
contain 90 per cent. of carbonate of lime and 10 per eent. of carbo- 
naceous matter, which remains as a brown powder, easily inflamed, 
burning with a bituminous odour. This substance is m sufficient 
quantity to colour the limestone, and to give it when warmed by the 
hand a bituminous smell; but it is not dissolved out of the rock in any 
appreciable quantity by boiling in turpentine-spirit or in petroleum. 

No. 6. “ Lowest rock seen just beyond Pharaoh’s Fall, 7 April.” 
A limestone altered by the agency of mineral springs, showing hollow 
casts and remnants of Nummulina Ramondi and Operculina canali- 
fera (2). 

No. 7. “ Nummulitic Limestone-gravel of Wady Gharandel, 16 
June.” Bluish-grey limestone full of WV. Ramondi. Subangular, 
polished by sand-action. 

No. 8. A Strontian crystal, from near Cairo, containing Wwm- 
mulina Ramondi, and a Polyzoon comparable with Eschara Thomp- 
som, D’Archiac & J. H. ‘ Foss. de l’Inde,’ pl. 36, f. 2. 

* In writing of Nuwmmulites Ghyzensis (Foss. de l’Inde, 1853, p. 95), D’Archiae 
states, “As yet N. Ghyzensis is peculiar to Egypt. It abounds especially in 
the Arabian range, in that of Mokattam to the East of Cairo, and on the lower 
slopes of the mount Sinai massif, where it is associated with WN. Ramondi, whilst 
in the Desert west of Cairo it is accompanied by N. Lucasana, var. B.” 
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DIscusston. 

Mr. Gwyn Jerrreys corroborated the opinion of the author, that 
there had been at one time permanent marshy lands where he found 
Lymnea truncatula and a species of Pasidium. 

Mr. D. Forszs inquired the age of the schists and porphyries of 
Om Riglaine, and as to the character of the granite. 

Sir R. I. Murcuison inquired the probable age of the masses of 
gypseous rocks, and commented on the extremely wide range of the 
Nummulitic strata. 

Dr. Duncan remarked that the Cretaceous fossils, as had been 
observed by both M. Louis Lartet and himself, belonged to the 
Upper Greensand formation. He considered that the author had 
proved that the Red Sandstone was not, as suggested by M.°L. 
Lartet, Neocomian, but either Triassic or Permian. Fossils of the 
Upper Chalk with flints he found to be absent. He had found that, 
out of 25 Cretaceous species, 13 had been described by M. Coquand 
from Kabylia and Egypt, while 8 were European forms. 

Mr. Ernerrnes considered the fossils from the sandstone to belong 
to the Trias, especially from the presence of Encrinus moniliformis. 

Prof. T. Rupert Jonxs regarded the Nummulites as of the com- 
mon typical form found in Egypt—the Nummulina Ghyzensis, with 
NV. Ramondi and varieties. If the Nummulitic rocks were over- 
lain by the soft white friable limestone, this latter, like similar 
beds in Scinde, would be of later date, though similar in lithological 
character to a bed spoken of as being underneath. 

Mr. W. W. Smuyru had found in Nubia, above the Catacombs, red 
sandstones overlain by limestone and Nummulitic beds. If the 
Red Sandstone, as seems probable from the fossils discovered by Mr. 
Bauerman, were proved to be Trias, a great point in the geology of 
Sinai and of the East had been gained. 

Mr. Bory Dawxins inquired as to the evidence of the mines having 
been worked by the Egyptians. 

Mr. Evans was not satisfied that the flint flakes had been used in 
the manner suggested, as they would be liable to break off in the 
socket, and the hammers would not be worn away in the manner 
they exhibited by mere impact on wood. 

Mr. Carruruers remarked that the fragment of wood exhibited 
had not been used as a wedge, as the fibres were not in any way 
disturbed, as they would have been by the impact of a hammer. 
He believed that it was broken from a much worn mallet made of 
coniferous wood. 

The PresripEnt commented on the similarity of the faunas of India 
and South Africa, and hoped that Mr. Bauerman’s future researches 
might throw light on the ancient connexion of these continents. 

Mr. Baverman stated in reply that he did not regard the white 
limestone as true chalk. He considered that the slabs showed con- 
elusive evidence of having been chiselled by means of the flints. 
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2. On the OccuRRENCE of CELESTINE in the Nummuxitic Limestone of 
Eeyrr. By H. Baverman, Esq., F.G.S, and C. Lz Neve Foster, 
D.Sc., B.A., F.G.S. 

Tux fact of the occurrence of sulphate of strontia in the Eocene rocks 
forming the great escarpment of Mokattam to the east of Cairo has 
already been noticed by geologists, the latest and most complete 
account being that contained in Dr. Fraas’s description of the Tertiary © 
strata of Egypt*. The object of the present communication is to 
furnish some additional particulars in connexion with the position 
and mode of occurrence of the mineral. 

The Mokattam escarpment forms a long connected line of cliff, for 
the most part nearly inaccessible in front, but which can be easily 
ascended from some of the numerous lateral ravines. The 
highest point even commands the old citadel, and has therefore been 
fortified. The height is probably about 800 feet above the Nile ; 
that of the citadel being 567 feet, by a single barometrical observation. 
The beds are almost flat, having but a slight dip towards the desert. 
In a northerly direction the hill diminishes rapidly in height until it 
is covered by the red quartzose millstone-rock of Jebel Achmar. 

Apart from paleontological considerations, the Nummulitic escarp- 
ment, owing to a well-marked physical division, may be divided into 
two parts, the white and the brown beds, the latter being the higher 
member of the group. The lower, or white beds, are said by Dr. 
Figari Beyt, to rest upon tufaceous and slightly argillaceous lime- 
stone, representing the upper part of the Cretaceous formation. 

The following is the observed section in ascending order, com- 
mencing in a quarry at the back of the Tombs of the Caliphs, where 
the ridge is not quite so high as it is behind the citadel + :— 

( 1. Soft white limestone, compact and without joints over ft. in. ft. in. 
os the entire quarry-bank. It is worked for flooring-slates 10 4 
S |. 2. Buff and brown limestone, more fossiliferous than No.1 14 10 
Fo 4 Or Wanehy hear parte... yk scies «os des pemee neue ee abe eeene cee 0 5 | 
2 | 4. Bluish-grey limestone with Nawti/i and large Nummulites 48 04116 7 
<= | 5. Rubbly oyster-bed, thickness variable ............s0e..0+0 4 0 
= | 6. Soft shelly beds, covered by quarry-rubbish............... oF a) | 

| 7. White limestone, seamed with brown streaks ..........+. 30 0) 
8. Compact brown sandy limestone, the upper part cindery, 

contammimecelestine Tia... ts tenets. Pde cenatnnd data acter ) | 
a | 9. Marls, with fibrous gypsum (have been worked) ......... 4 
= | 10. Hard, brown, sandy limestone, with casts of fossils...... o 9) 
PF) | 11. Variegated yellowish-brown and white sand............... 4 0 
= { 12. Hard, brown limestone, much honeycombed ............ bo 54 8 
Osis. aman a mccplialon se. e, shade sa nce rec Unita tecsccesc tac hae 2 0 
Fa | 14) Hard ‘brownstone dike Nios 19: oo. 2402. e coe iss eee len 3 10 
| 15. Brown honeycombed limestone, irregularly bedded, with 

sand and brown iron-ore interspersed .............0.ceee0s 22 5 
\ 16. Brown beds like No. 15, but more calcareous ............ 5 0 j 171 3 

* Aus dem Orient, Stuttgart, 1867. 
+ Studi scientifici sull’ Egitto, vol. i. p. 186. 
¢ The character of these rocks varies rapidly in a short distance. The height 

of the section in the escarpment behind Old Cairo is about 400 ft.; and the 
white and brown beds are separated by nearly 100ft. of gypseous shales with 
nodules of pyrites, which have been changed into brown iron-ore and gypsum. 
The dip is generally N. 70°'H. at’an angle of from 8° to 5°. 



1868. | BAUERMAN AND FOSTER—CELESTINE. 41 

The brown beds at the top of the escarpment are so irregular in 
their appearance that it is difficult to continue the section; probably 
there are from 20 to 30 feet more of similar beds at the top of the pla- 
teau. The lowest bed (No. 1) appears to be that regarded as forming 
the top of the chalk by Dr. Figari Bey. 

One of the most marked horizons in the whole section is what may 
be called the big-Nummulite bed, which contains the large species of 
Nummulites, examples of which may be found up to 2} inches in 
diameter. It lies about 80 feet below the junction of the white and 
brown beds, a position corresponding to the lower part of bed No. 4 
in the above section. 

Along the lateral valleys the gypsum-marls (No. 9) have been 
subjected to considerable atmospheric degradation, and large pieces of 
celestine are common in the talus formed by the waste of the hill. 
They are partially rolled, of a dull bluish-grey colour, and compact, 

forming either long prismatic forms, from the combination OP.0 Poo, 
or similar combinations tapering to one end, having formed part of a 
spheroidal aggregate of crystals, terminating externally by the planes 
of the diagonal prism o P. On examining the cliff-section these 
spheroids or nodules are found in place in the sandy limestones and 
marls, together with fibrous gypsum. They show a roughly stellar 
ageregate of crystals, with a dull earthy centre, the largest examples 
being about 4 inches in diameter. 

The following (p. 42) is a measured section of the principal celes- 
tine-bearing beds where they are well-developed ; it is taken in a 
gulley behind the main escarpment. In addition to these there is 
another bed with nodules of celestine, a few feet below bed No. 10. 

About 30 feet below the junction of the white and brown Nummu- 
litic beds there is a very singular development of celestine crystals 
in the hollows of a white fossiliferous limestone. They are mostly 

long prisms of the open form OP . Poo , often of considerable size (up 
to 4 or 5 inches in length), and almost always very rough and decom- 
posed about the ends in the plane of the prismatic faces 0 P. Besides 
the simple crystals, macled groups of two, arranged similarly to the 
diagonal cuneiform twins of Staurolite, and similar combinations of 
three or more crystals of greater complexity are found, although not 
quite so abundantly as the former. In either case, however, the 
surfaces of the crystals generally seem to be incrusted with fragments 
of shells, Bryozoa, and small Nummulites, as though they had formed 
points of adhesion for these organisms. But that this is not the 
case, 1s proved on closer inspection, as the shells often pass right 
through the crystal; and on subjecting some of the more perfect speci- 
mens to cleavage, transparent plates were obtained with Nummulites 
enclosed. It is evident, therefore, that the fossils must have been 
entangled in the crystals at the time of their formation, and that their 
subsequent. exposure is due to the action of solvents, which have 
removed the sulphate of strontia, leaving the carbonate of lime, 
forming the shells and Nummulites, untouched. The hollows in which 
the crystals are found are generally empty, owing to the original 
contents having been partly removed by the action of the atmosphere ; 
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ft. in, 

1. Limestone with a few celestine nodules, 

2. Limestone with much nodular celestine 
and thin plates of fibrous gypsum... 1 0 

3. Sandy marls with nodules of celestine 
and fibrous gypsum ...+.......+<.:seee tg 6) 

4 sandy limestone)... 0.01... 01, see eee 0's 

D, Gypsum with marl’. 225 ee Oe 
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but in a few instances some of the smaller druses were found in 
what may be considered to be their original condition. They are 
then filled with a soft impalpable powder consisting of carbonate of 
lime, often containing a considerable number of small but perfectly 
formed crystals of celestine; these are not attached to the rock, but 
are loose in the powdery matrix. The form is in all cases the well- 

known combination Poo .4Po .OP. P, characteristic of the celestine 
of Girgenti in Sicily. The angles correspond perfectly with those 

given in Dana’s Mineralogy. The twin planes are «© Po for parallel, 
and oo P for intersecting macles. The latter are often of considerable 
size, forming St. Andrew’s crosses from 2 to 3 inches in length. 
The smaller and more perfect crystals are generally without included 
fossils. On comparing a great number of crystals of both kinds, it 
becomes easy to trace the progress of the decomposition, which 
invariably begins by a roughening of the faces of the prism, owing 
to the formation of a number of fine grooves or striations parallel to 
the basal cleavage. The action of the solvent goes on in the same 
way, enlarging the grooves until a great part of the interior of the 
erystal is eaten away, leaving a funnel-shaped cavity where the prism- 
faces formerly existed ; and this may continue until the whole of the 
original form has been removed. In proof of this may be mentioned the 
occurrence of a limestone-pseudomorph after celestine: only a single 
specimen was found; and the crystal replaced was so rough that it 
was somewhat difficult to make out at first ; but when broken, the 
comparative sharpness of the basal plane was at once apparent. More 
generally, however, the transformation stops short of a complete 
change, the crystals being rough and hollowed at the ends and sides, 
but keeping their freshness, and even in some cases their colour, on 
the basal planes. The partially destroyed crystals then form a basis 
for a secondary growth of the same mineral ; but these new crystals 
are remarkable for their brilliiancy and perfection ; the form is the 
regular Girgenti combination, but they are generally somewhat 
squarer and thicker, and are free from included fossils. The largest 
of these secondary crystals measured about 3 inches in length and 
13 inch between the basal planes, and is perhaps the largest known 
example of this form, the American crystals from Strontian Island on 
Lake Erie, though larger, being of a different character. 

The fact of the occurrence of fossils in the older celestine crystals 
is sufficient to show that they are of synchronous origin, or that the 
erystals have been formed by gradual deposition from a tolerably 
concentrated solution, such as might be imagined to exist in a sea 
whose bed was diminishing from the evaporation of the water. 
The hollows in the limestone may be compared to small basins where 
the crystallization took place, any fragments of shells, small Num- 
mulites, and Bryozoa (either living or dead, but probably the latter) 
that happened to be present in the calcareous mud having been entan- 
gled up and enclosed. Forchhammer* obtained sulphate of strontia 
direct by evaporating sea-water, and Wackenroder, in 1836+, pub- 

* Bischof, vol. 1. p. 449 (2nd edition). 
+ Ann. Chem. und Pharm. vol. xli. p. 316. 
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lished the following statement relating to the solubility of the sulphates 
of the alkaline earths in chloride of sodium :—“ Sulphate of baryta is 
insoluble ; sulphate of strontia slowly but completely, and sulphate of 
lime readily soluble in an aqueous solution. The former of the two 
soluble salts is reprecipitated when dilute sulphuric acid is added, 
whereas sulphate of lime remains in solution.” We have thus a 
simple explanation provided for the erosion of the crystals, which may — 
have taken place either after subsidence and the readmission of the 
sea-water within the former dried-up area, or perhaps more simply 
by the infiltration of atmospheric water through the upper part of 
the Tertiary rock, the whole of the sedimentary formations of Egypt 
and Arabia being more or less charged with rock salt. Accumulation 
of salt water, when set up by either method, would act upon the 
celestine crystals, removing the soluble sulphate of strontia, leaving 
the Nummulites and other calcareous fossils behind. When, however, 
any stagnation and evaporation of the solution took place, the dis- 
solved sulphate would be redeposited and, the mechanically included 
impurities being separated, the new crystals would be more compact 
and less liable to change than those first formed. 

Besides its occurrence in detached crystals, celestine is also found 
in the Mokattam escarpment filling up the interior of fossil shells, 
especially the chambers of Nautili. Fraas gives the following ana- 
lysis by Bergrath Jerzoch of a specimen of celestine taken from the 
inside of the shell of a Nautilus zic-zac :— 

Sel phurie: aeud ate isu. oe 43-87 
iron Giger ee te 55°56 
EMRE Ate ere eat, te OTRAS eee 0°68 
ihoss*onienition Oe) Pee 0:64 

100-75 

The conclusion drawn from this is, that it is a celestine containing 
a small quantity of sulphate of lime. It is more probable, however, 
that the lime may be there as carbonate from the presence of 
included shells. 

pee 

3. Note on the EcutnopERMaTA, BrvatvE Motiusca, and some other 
Fossiz species from the Cretacrous Rocxs of Sinai. By P. Martin 
Duncan, M.B. Lond., F.R.S., Sec. G.S. 

Tue fossils collected by Mr. Bauerman from the Cretaceous strata 
above the red sandstone in Wady Nagh el Bader, Wady Ferran, 
Sidreh, and Tih during his explorations in 1868 are numerous, and 
some are in good condition. They present the facies so clearly 
stamped on the collection described by me on December 6, 1866*. 
The fossils which formed the groundwork for a comparison be- 
tween the Sinaitic and South-eastern Arabian Echinodermata, and 
which were collected by the Rev. F. W. Holland, when examined 
critically, decided the Upper-Greensand age of the limestones in 

* Quart. Journ. Geol. Soe. vol. xxiii. p. 38. 
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Wady Bader. One Echinoderm, Heterodiadema Libycum, Agass. et 
Desor, sp., was noticed to afford some evidence of the zone of Hippu~ 
rites in Sinai; and now Dr. Le Neve Foster in his section (cf. Tih) 
points out the existence there of Hippurites ; and Mr. Bauerman’s col- 
lection contains some from Wady Nagh el Bader. The propriety of 
the assertion that a Turonian as well as a Cenomanian chalk existed 
in Sinai is therefore to be admitted. Mr. Bauerman and his col- 
leagues have added by direct observation a higher stage to that 
previously known to exist amongst the Cretaceous series in the 
west of the Sinaitic peninsula. There are slight evidences of the 
existence of a chalk over the Hippurite-limestone; but this must be 
stratigraphically the base of the white chalk of North-western Eu- 
rope. 

No fossils are in the collection now under consideration, nor were 
there any in Mr. Holland’s, pointing to a Neocomian, Gault, or Upper 
Chalk horizon (chalk with flints). 

A study of M. Coquand’s ‘ Géologie et Paléontologie de la Région 
sud de la province de Constantine’ (1862), and the examination of 
a collection of Algerian fossils in the possession of John Wickham 
Flower, Esq., F.G.8., place the affinities and distribution of the 
Sinaitic Cretaceous fossils in a very definite relation with those of 
the following étages :— 

1. Rhotomagien, 2. Mornassien, 3. Provencien, 4. Santonien ? 

The Rhotomagien is the African zone of :— 
Ammonites Mantelli, Sow. Scaphites zequalis. Sow. 

rhotomagensis, Brongn. Turrilites costatus, Lam. 
varians, Sow. Pecten asper, Lam. 

It contains a considerable number of Echinodermata and Ostree ; 
and the commonest of these are found in Mr. Bauerman’s collection. 

Coquand’s Carentonien (the zone of Aspidiscus cristatus, Lam. sp.), 
has not been traced in the Sinaitic chalk, nor has his Angoumien 
series; but the Mornassien, the zone of the Echinodermata par 
excellence, immediately beneath the zone of Hippurites cornu vacci- 
num, and the Caprotinas (the Provencien) are well represented 
there. The Provencien is distinguished in the present collection by 
the Caprotinas. 

The following is a list of the species found by Mr. Bauerman, with 
their localities in Sinai, Algeria, Europe, and in other parts :— 

. Discoidea subuculus, Klein. Tih: Rhotomagien, Upper Greensand. 
Forgemolli, H. Coguand. Tih: Rhotomagien. 

. Epiaster distinctus, Agass. Wady Naghel Bader: Zone of Pecten asper and 
N.E. Arabia. 

tumidus, Desor. W.N.B.: Cénomanien, France*. 
. Periaster oblongus, D’Orb.. W.N.B., Tih: Cenomanien, France. 
. Hemiaster Cenomanensis, Cotteau. Tih, W. F., W. N. B.: Cenomanien, 

France; Bagh. 
. Phymosoma Delamarrei, Desor. W.N.B.: Mornassien. 
. Pseudodiadema variolare, Brongn., sp. W.N.B., Tih: Upper Greensand, 

Red Rock. 

* W.N.B.=Wady Nagh el Bader. W.F.=Wady Ferran. 

COoml Do who 
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9. Pedinopsis e : 
10. Plicatula Fourneli, H. Coguand. W.N.B.: Rhotomagien. 
11. Pecten asper, Lamk. W.N.B.: Rhotomagien, Upper Greensand ; Europe. 

12. Neithia alpina, D’Orb. W.N.B.: Upper Greensand ; 8.E. Arabia. 
tricostata, Bayle, sp. W.N. B.: Rhotomagien, Upper Greensand ; 

Provence. ‘ 
14. Exogyra plicata, Goldfuss. Tih, W.N.B.: Upper Greensand; S.H. Arabia. 
15. Ostrea Auressensis, H. Coquand. Tih, W.F., W. N. B.: Rhotomagien. 

, var. major, nobis. W.N. B. 
Mermeti, H. Coguand. 'Tih: Provencien. 

18. Exogyra Overwegi, Buch. Tih, W.N.B.: Rhotomagien. 
19. Ostrea Delattrei, H. Coguand. N.Z.: Rhotomagien. 

curvirostris, Nielson. W.N.B.: Santonien. 
21. Caprotina Toucasiana, D’Orb. Provencien, Upper Greensand ; Europe. 

subzqualis, D’ Orb. Provencien, Upper Greensand ; Europe. 
3 Archaisianus, D’Orb. Upper Greensand ; Europe. 

24. Radiolites ——? W.N.B. 

It will be observed that 13 out of the 24 species are common to 
the North-African and Sinaitic Cretaceous rocks, and that 8 other 
species are well-known Kuropean forms. 

The commonest fossils in the collection are Ostrea Awressensis, 
Exogyra plicata, Plicatula Fourneli, Periaster oblongus, Hemaster 
Cenomanensis, and Pseudodiadema variolare. The first of these is 
evidently one of a great series of varieties having a clear reference 
to Ostrea columba. 

ee 

4, On the Existence during the QuatrerNaRY Prriop of @ GLACIER 
of the Szconp OrpER occupying the “Cireun” of the Vauuny of 
Patukrrs, in the Western part of the Granitic “ Masstr” of the 
Lozéere. By M. Cuarites Martins, For. Corr. G.S., Director of the 
Botanic Garden, Montpellier. 

[Abstract *.] 

M. Martins refers to the general absence of indications of ancient 
glacial action in the mountains of central and southern France, and 
to those circumstances of structure and mineral constitution by which, 
in some cases, this absence may be accounted for. He describes 
those features in the conformation of the valley of Palhéres, in the 
Lozére, the representation of which, in the Government Map of 
France, led him to the conclusion that in this place traces of glacial 
action might probably be met with. In the gorge in which the 
village of Palhéres is situated, enormous granitic blocks occur; but 
these are always either in the torrent, or so near it, that the evidence 
furnished by them is very doubtful. Above Palhéres is a vast “ cir- 
que,” in which the hamlet of Costeilade is situated; and here the 
ground is sprinkled over with erratic blocks, ascending to a consi- 
derable height on the slopes of the mountains. The right lateral 
moraine terminates in a rectilineal crest formed of disintegrated 
material, but resting on a boss of mica-schist separated from the right 

* This paper is published in full in the ‘Comptes Rendus de l’Acad. des 
Sciences,’ 9th November 1&68, tom. lxvii. pp. 933-937. 
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counterfort of the valley by a deep ravine. This crest is terminated 
by a rock of mica-schist, also separated from the right counterfort ; 
and upon this three isolated granitic blocks are perched. A stream 
of blocks thrown in line on the corresponding counterfort of the 
valley below the schistose rock shows the extreme termination of 
the glacier beyond the gorge. As the summits bounding the right 
side of the valley all consist of mica-schist, these granitic blocks 
cannot be regarded as having fallen from above. The left lateral 
moraime includes the blocks scattered about the hamlet of Costeilade : 
some of these project from the ground in cultivated fields; and one, 
the last, is perched on a promontory of mica-schist, overhangs its 
pedestal, and resembles in form the head of a geological hammer. 
This is about 150 metres above the torrent. The peaks and crest 
about the left moraine are granitic, and considerable masses of rock 
have fallen from them ; but there is an interspace of about 250 metres 
between the foot of these and the highest blocks of the moraine. 
The terminal moraine is better marked than the lateral ones, and 
corresponds with the gorge which closes the “ cirque” of Costeilade. 
The moraine forms a bar between the left counterfort of the valley 
and a low, rounded, isolated hill of schist which occupies the line of 
the water-way and drives the torrent towards the right. This isolated 
hill is remarkable. Rounded on the upper side, it is produced be- 
low into a crest of less elevation than itself, which bears only two 
small erratic blocks; the hill itself on the contrary bears 32 large 
granitic blocks, all placed on the upper side, against which the 
vanished glacier impinged. No polished or striated rocks or scratched 
pebbles are to be met with; but this is explained by the soft schistose 
nature of the rock forming the valley, which could neither have 
scratched the granite fragments, nor have retained any traces of 
polish or striation on its own surface. 
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On Furnt Friaxes from CarricKFERGus and LARNE. 
By G. V. Du Noyzr, Esq., of the Geological Survey of Ireland. 

(Communicated by Sir R. I. Murchison, Bart., K.C.B., F.G.S.) 

[Read June 17, 1868 *.] 

[ Abridged. ] 

On the 3rd of March last I had the honour to address a letter to the 
Director-General of the Geological Surveys of Great Britain, Sir 
Roderick Murchison, Bart., K.C.B., on the subject of worked flint 
flakes from the “‘ drift ” of the Belfast district, of which the follow- 
ing is an extract :— 

These worked flint flakes, of which I send a typical collection to 
the Museum in Jermyn Street, were picked up by me, during the 
progress of my geological work last summer, from the gravelly drift 
and subsoil clay of the districts around Carrickfergus, Larne, and 
Belfast, in the co. Antrim, and Holywood and Bangor, in the co. 
Down. 

I enclose a list and descriptive catalogue of these flint flakes, which - 
I believe are capable of being subdivided into eleven groups, placing 
the rudest form of flake in the first. 

When these singular implements were discovered, some four or 
five years ago, in the co. Antrim, along the chalk escarpment, their 
mechanical origin was questioned; indeed, I thought at first that 
their primary origin might possibly be due to the natural crushing 
of the flint nodules, which occur as a conglomerate enclosed in a 
red or hematitic paste, resting on the subaerially eroded surface of 
the chalk, and therefore directly interposed between it and the 
basalt,—granting at the same time that the chippings round the 
edges of the flakes were artificial. 

Subsequent examination into the subject, however, clearly showed 
me that every flake, no matter how rude its form, provided it exhi- 
bited that conchoidal fracture called the bulb of concussion at any of 
its edges, is certainly artificial ; indeed I have succeeded in making 
flakes of the primary form myself, showing this peculiar conchoidal 
fracture. 

* For the other communications read at this Evening Meeting, see Quart. 
Journ. Geol. Soc. vol. xxiv. p. 484. 
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Specimens illustrative of the manufacture of gun-flints explain 
most fully the force of the arguments brought forward to prove the 
mechanical origin of these “ drift” flint flakes. 
’ These worked flint flakes occur in two very distinct formations— 
the most ancient that of the marine drift-sand and gravel which skirts 
the shores of Belfast and Larne Loughs, in the co. Antrim, and the 
coast from Holywood to Donaghader, in the co. Down—its maximum 
elevation being about 20 feet above the level of high water. All the 
flakes from this deposit are of the ruder forms, and their surfaces are 
more or less oxidized or rendered white; and though they areimbedded 
in what was well-washed or rolled sea-drift, the chippings round 
their sides and angles are remarkably sharp-—thus proving that they 
did not suffer much attrition after their submergence, and before 
the elevation of the marine-drift to its present subaerial position. 

The more recent flakes are found in the subsoil clay, at all ele- 
vations up to 600 feet or so, on the northern slopes of the Cave Hill 
at Belfast, the commons of Carrickfergus, and the lofty ground around 
Larne Lough, including that of Island Magee. 

These flint flakes sometimes occur in groups, and so abundantly 
that hundreds of them can be ccllected over a surface of 50 square 
yards, and they are all more or less characterized by a comparatively 
fresh look ; but they all possess that porcellanous glaze which time 
alone can give to the surface of a fractured flint. 

At one locality on the east coast of Island Magee, at the south 
end of “ the Jobbins,’’ I found a hoard of these subsoil flakes, and 
on the west shore of Larne Lough, at Ballybig, a similar collection 
of the older variety of these implements in the marine-drift. Here 
they were accompanied by large irregularly shaped lumps of flint, 
on one of the edges of which was preserved the original rounded 

- surface of the nodule, evidently thus left to fit them to the hand, and 
thus allow of their being used as hammers to fabricate the required 
flake of flint. 

In some rare instances the subsoil flakes, when originally of the 
arrow-headed type, present near the bulb of concussion (which then 
becomes the base of the implement) the flint-chipping necessary to 
form the wing of a perfect arrow- or jayelin-head. Flakes of this 
variety are most usually found in the interior of the co. Antrim, as 
at Toome Bridge and near Moira, 

The Rev. Dr. M‘Ilwaine, of Belfast, has kindly allowed me to make 
some sketches from flint flakes of this character in his collection ; and 
I now beg to present them to the portfolio of the Geological Society, 
to aid in making as complete as possible the small collection of flint 
flakes which accompany these remarks *. In some rare instances deep 
side-notches are observed on the more ancient oxidized flakes from 
the marine drift; but their position is variable. 

So far as our present information leads us, I believe we can 
arrive at the following conclusions with reference to the origin and 
mode of occurrence of these worked flint flakes :— 

During the formation of our present raised sea-beaches, the in- 
* Deposited in the Society’s Collection. 

VOL, XXY.—PART I, E 
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habitants of that period resorted to the outcrop of the chalk for 
flint nodules from which to fabricate such implements as they re- 
quired of that material. During the process of manufacture many of 
these implements were rejected as incomplete, or were subsequently 
lost over the limited area skirting the coast-line of that era, which 
may have been dry land at low water. 

This appears to have been the first era of this manufacture. The 
second epoch finds the race of men inhabiting the area within some 
miles of the chalk outcrop possessed of somewhat increased mental 
and manual ability. They no longer manufactured the flint nodules 
procurable aloag the coast-line, where, doubtless, they were most 
abundant, but they resorted to the absolute chalk outcrop, and 
carried away with them into the interior the primary flint nodules, 
and then chipped them into flakes more nearly resembling the 
arrow-head of subsequent times than those fabricated by their 
progenitors. 

I believe it quite possible that the leaf-shaped flint flakes of this 
second epoch, such as those found in the bed of the river Bunn, at 
Toome Bridge, were known to and used by the earliest of the his- 
toric races in Ireland, and by them worked into those delicately 
chipped and symmetrically formed winged arrow-heads, spear-, and 
javelin-heads which are found so often, associated with rude pottery, 
beads of amber, glass, and shells, in our sepulchral tumuli and mega- 
lithic chambers. 

2. On the “ Waterstone Brps” of the Keuper, containing Psrupo- 
morPHous Crystats of Cutoripe of Sopium, 7m the Counriss of 
SomERsEr and Drvon. By G. Warerne Ornmerop, M.A., F.G.S. 

(Read June 17, 1868*.) 

Durine a recent visit to Devon, the Rev. W. 8. Symonds stated that 
he thought he had recognized “ the Waterstone beds”’ of the Keuper 
at Exmouth, this being, it is believed, the first time that they have 
been noticed in this county. As the point, however, was not clear, 
I devoted a few days to a cursory examination of the Red Sandstone 
from Culverhole point, where it crops out from under the Lias, to 
Exmouth. As some months will probably elapse before I can make 
a close examination of them, I send the following particulars as 
marking the position of the rocks of this district in the “ Trias.” 
Between Culverhole point and Seaton I could not find Waterstone. 
From Branscombe Mouth to Weston Mouth I was not able to exa- 
mine the coast. Between Weston Mouth and Salcombe Mouth many 
beds of gypsum appear in the cliff; and between Salcombe Mouth 
and the river Sid several beds of very fully ripple-marked “ Water- 
stone” occur, as also pseudomorphous crystals of Chloride of Sodium. 
This, I believe, is the first instance of the occurrence of such crys- 
tals in Devonshire. The coast between Sidmouth and Budleigh- _ 
Salterton has not been examined by me. Between Budleigh-Salterton 

* For the other Communications read at this Evening Meeting, see Quart. 
Journ. Geol. Soc. vol. xxiy. p. 484. 
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and Littleham Bay “ Waterstone beds ” and pseudomorphous crystals 
of chloride of sodium occur. I agree with Mr. Symonds that the beds 
found near Exmouth are Waterstone, but I have not been able to find 
there any trace of the pseudomorphous crystals. 

In communications made by Mr. Strickland (Quart. Journ. Geol. 
Soc. vol. ix. p. 5) and myself (Quart. Journ. Geol. Soc. vol. iv. p. 273, 
& vol. ix.p.185) it has been shown that these pseudomorphs are found 
in Nottinghamshire, Cheshire, Worcestershire, and Gloucestershire. 
I have found them in Somersetshire (at Blackbrock, near Taunton), 
and now on the south coast of Devon ; they therefore occur over the 
greater part of the area of the Trias in England. 

On a small fragment of Waterstone that I picked up on the beach 
at Exmouth, the marks very closely resemble the reptilian traces 
found in the Keuper of Runcorn, in Cheshire. As the fragment. is 
small, and reptilian traces have not been found in the Trias in De- 
yonshire, I cannot speak with certainty, but mention the matter in 
order that the attention of other observers may be drawn toit. A 
series of small “throws down” to the west appear to intersect the 
Trias between Culverhole point and Exmouth. 

ns 

3. On some Fosstts from the “‘ Mrnnvian Group.” By J. W. 
: Satter, Esq., F.G.S., A.L.S., and Henry Hicks, Esq. 

(Read June 17, 1868*.) 

[Puates II. & III.] 

Descriptions of some of the principal fossils of the Meneyian forma- 
tion, including the large Paradowxides (P. Davidis), appeared in the 
Quarterly Journal of the Society for August 1864, and others in the 
number for November 1865; but as many new forms have been 
obtained since then, a large number yet remain to be described. The 
continued research, carried on by one of the authors, in the typical 
locality, St. David’s, has been the means of discovering the whole of 
these new forms, many of which, however, have been subsequently 
found in various other places. Around the Merionethshire anticlinal 
ridge of Lower Cambrian rocks large collections have been made :—on 
the north side, near Maentwrog, and at Tafarn Helig, near Traws- 
fynydd, by Messrs. D. Homfray and R. A. Eskrigge ; and on the south 
side near Dolgelly by Messrs. T. Belt, E. Williamson, J. Plant, and 
J. C. Barlow,—all of whom have also done something towards defi- 
ning the boundaries of the group in North Wales. Much also has 
been done by us, in like manner, in South Wales, and many new 
localities have been found to be occupied by this interesting group. 

The range of some of these fossils has been more clearly ascer- 
tained, and greatly extended. They are not in any way limited to 
the black Lower Lingula-shales, but occur also in the hard grey rocks 
which form the upper bands of the Harlech grits. 

One of the authors has recently found both Trilobites and Shells 

* For the other Communications read at this Evening Meeting, see Quart. 
Journ. Geol. Soc. vol. xxiv. p. 484. 3 
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in a series of red and purple rocks several hundred feet lower; and 
these will be described by-and-by*. The present communication 
illustrates only some characteristic Trilobites from the grey beds at the 
base of the ‘“‘ Menevian Group,” and two forms from the black slate 
series directly above these beds. 

Of these we only describe at present Puradoaides and Conocoryphe, 
and complete these genera so far as they are yet known in the “ Mene- 
vian Group” proper. The several species in the genera Hrimnys or 
Harpes, Arionellus, and Agnostus, are still to be described. 

1. Conocoryeue Buro, Hicks, Pl. II. fig.8. Brit. Assoc. Report, 1865, 
p. 285. : 

Of this well-defined species, only a few separate heads, and one 
with six body-rings attached, have been found. It is much the 
largest species of the genus yet found in the ‘‘ Menevian Group,” 
being probably no less than 3 inches in length and 14 in breadth 
across the head. The head is semicircular, tubercular all over, 
strongly marginate, with the angles produced into short spines. The 
glabella occupies nearly two-thirds the length of the head, is very 
narrow forwards, parabolic and convex, and is indented by three dis- 
tinct lateral furrows on each side, which run obliquely backwards 
and reach about one-third of the distance across ; length about equal 
to width at the base, centre ridged slightly, neck-furrow deep, well 
defined, and arched somewhat upwards in the centre. Occipital ring 
almost as convex as the hinder part of the glabella. Cheeks’ wider 
than glabella, almost equally convex with it, and separated from it by 
very deep dorsal furrows ; their posterior margin is narrow, bent for- 
ward near the outer angles, and bears a strong tubercle on either side. 
Eyes small and scarcely visible, placed very far from the glabella. 
The facial sutures curve outwards above the eyes, and beneath them 
are nearly marginal, just cutting off the spinous angles. The outer 
border, which is narrow round the cheeks, becomes greatly exagege- 
rated in front, and widens to a triangular tumid boss, the apex of 
which reaches backwards almost to meet the anterior part of the gla- 
bella; in consequence of this the marginal and dorsal furrows approxi- 
mate each other, and become almost merged into one another at this 
spot. This boss is at least a fourth of an inch wide opposite the apex 
of the glabella, rises suddenly upwards from the marginal furrow, 
and then slopes forwards gradually. The whole surface is granular, 
with some larger tubercles. The thorax, of which six rings only 
have been found attached, has a highly convex axis, about half as 
wide as the pleure with the attached spines; pleure depressed, 
grooved widely in the cast}, and turned sharply backwards at the 

* Tt is perhaps advisable to mention what these are, leaving their description 
till another time:—A new genus, Plutonia, a Conocoryphe, a Paradoxides, a 
Microdiscus, Agnostus, Theca, Lingulella, and a new bivalved Crustacean. It 
really does look as if the changes rung on these early forms were not so much 
varied as we°descend lower in the geological scale. Hence we may hope to 
reach some point beyond which the variations are zero.—J. W. S8., Dec. 1868. 

t The shell is probably very thick, and the groove on the upper crust 
would not be nearly so strong as in the cast. 
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fulcrum, which is placed rather far from the axis; the spines com- 
prise rather more than a third of the whole length of the pleure, 
and are rather dilated at the base. Our figure does not show these 
spines; but better specimens have lately been discovered. ‘Tail 
unknown. ‘This species is easily distinguished. from any of the 
others found in the “ Menevian Group” by its large size, wide 
anterior margin, the small, highly convex, and deeply furrowed 
glabella, and wide cheeks. Its nearest ally is a new species (C. 
perdita, Pl. IL. fig. 3), found by me at the end of last summer, 
about 200 feet lower down in the Cambrian series (purple and 
grey beds); but as the last-named species is smaller, and has a far 
less strongly developed anterior margin, as well as a wider glabella, 
it is not likely to be mistaken for it, especially when we recollect 
that the one occurs in the purple Cambrian beds and the other in the 
‘‘ Menevian Group,” and that as a rule the range of the species in 
these lower series extends through but a slight thickness of the 
strata.—H. H. 

Localhity—Grey beds at the base of the ‘ Menevian Group.” 
Porth-y-rhaw, St. David’s. 

2. ConocorypHeE AppLanamTa, PI. IT. figs. 1, 2,4, and 5(juy.). Salter, 
Brit. Assoc. Report, 1865, p. 285. 

Length from 4 to 1 inch, breadth about 3 inch. Form broad- 
ovate, depressed. Head semicircular, rather wider than the body, 
surface very slightly tubercular, marginate all round, and angles 
produced into short strong spines. Glabella parabolic, more or less 
convex, and indented by three lateral furrows, which, however, are 
rather indistinct in the most convex specimens; the cheeks are broad 
and compressed, and bear small but prominent eyes rather remote 
from the glabella, being distant from it by a space about equal to its 
width, and connected with it by strongly marked ocular ridges; the 
facial sutures run forwards and rather outwards above the eyes, and 
backwards and outwards below, cutting across the hinder margin near 
the outer angles. Thorax of 14 rings, axis slightly convex, and taper- 
ing towards the tail; pleure long and narrow, twice as long as the 
rings of the axis, deeply sulcate, and bent slightly backwards at 
the fulerum, which is placed about midway. Tail semicircular, with 
a tapering, pretty strongly marked axis of three segments; limb 
marked by three ribs, marginate. This species is distinguishable 
from C. variolaris by many of the characters above given, but espe- 
cially by the want of the very strong tuberculation and the strongly 
raised margin of the latter species—and also by the presence of a 
well-defined ocular ridge, which, if present, is scarcely at all visible 
in C. variolaris. C. applanata has no tubercle on either the axial 
rings or pleure, and is altogether a much smaller species than C. 
variolaris.—H. H. 

We have been fortunate in finding the very young of this species ; 
it is a capital example of the metamorphosis observed by Barrande 
in so many of his Primordial forms. The little disk, not more than 
half a line long (fig. 66), shows, when magnified (fig. 6), no trace of 
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eyes or facial suture. Only two, instead of fourteen, body-rings 
are visible; and these, as well as the head, are crowded with those 
characteristic tubercles which are so common in embryo forms of 
this group, and which indeed are retained long after in certain 
species and genera. The tail is of the ordinary / type, a good deal 
developed for the size of the animal, and marked with two or three 
distinct segments, tubercular like the rest. 

In these young forms it is impossible not to see the representatives 
of genera such as Agnostus, which has two, and Microdiscus, which has 
four rings in the adult state. The cylindrical unfurrowed glabella and 
the want of eyes, the few body-rings and the great relative develop- 
ment of the tail, are as conspicuous in the embryo of Conocoryphe as 
in the adult state of the humble forms above quoted. What is the 
precise nature of the tubercles which are so conspicuous in the em- 
bryo of Sao, for instance, as given by Barrande, it is difficult to 
say. Ihave called attention to them elsewhere.—Mon. Pal. Soc. 
Trilobites. Monograph, pt. 1 (under Phacops), pl. 3, p. 52.—J. W.S. 

. Locality—* Menevian Group,” Porth-y-rhaw, St. Davyid’s; also 
near Maentwrog and Dolgelly, North Wales. 

3. ConocoRYPHE (?) HUMEROSA, PL If. fig. 7. Salter, Brit. Assoc. 
Report, 1865, p. 285. 

- Of this curious species, a part of the head and six thoracic rings 
only have been found. These, however, show characters sufficiently 
marked to indicate that it is specifically Gf not generically) distinct 
from either of the others. 

The glabella is large and elongated, reaching apparently to the 
frontal margin, not furrowed, but sharply ridged centrally, separated 
from the checks by very deep dorsal furrows. Cheeks narrow, con- 
vex, and acutely triangular, surface smooth, with no trace of ocular 
ridges, or facial sutures, or of being strongly marginate; a very 
strong spine occurs on the neck segment. 

The thoracic axis 1s highly convex, and spinous along the centre; 
the pleurz are wide, very deeply furrowed, and terminate in long, 
tapering spines, which curve sharply backwards ; the fulerum of the - 
pleure occurs about midway from the base of the spines to the axis. 
The pleure, without the spines, are only a little longer than the 
width of the axis, and bend sharply at the fulcrum. 

Locality.—“ Menevian Group” (middle beds) Porth-y-rhaw, St. 
David’s. 

4, Parapvoxipes Avrora, Salter, Pl. II. figs. 9-12. Brit. Assoe. 
Report, 1865, p. 285. 

A few rather imperfect heads, some loose free cheeks, and un- 
attached pleure only have as yet been found; but these are sufii- 
cient to indicate a new and very distinct species. Its position, also, 
in the grey rocks, at the very base of the “ Menevian group” renders 
it a most important species, and necessitates its description even in 
this imperfect state. 
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Head semicircular, very slightly angular in front, where it has a 
distinct but narrow margin. The margin is much wider on the 
sides, also towards the base of the free cheeks, and is there produced 
into rather short thick spines. 

Glabella large and broad, subpentagonal, wider than the cheeks, 
nearly attaining the margin in front, not reaching beyond it, as in 
P. Hicksit, next described. It is furnished with five distinct pairs of 
lateral furrows, besides the neck-furrow; the two lower pairs reach 
directly across, the next two pairs are almost equally strong with the 
lower ones, but reach only about a third of the distance across ; the 
anterior pair are short, and curve backwards at their inner extremi- 
ties, and are situated somewhat in advance of the outer angles of the 
glabella. Eyes large, approximating the glabella at their upper 
part; upper edge on a line with the outer angles of the glabella, 
and with the fourth pair of furrows. 

The glabella is unusually large in this species; and though it is 
angular at the apex, the angle is much more obtuse than in P. 
Hlicksu, and is always bounded in front by the narrow margin. 
The neck also is much wider than that of P. Hicksu.—J. W.S. 

Locality, grey beds at the base of the “‘ Menevian Group,” Porth- 
y-rhaw and vicinity, St. David’s. 

5. Parapoxipes Hrexstr, Salter, Pl. III. figs. 1-10. Brit. Assoc. Rep. 
1865, p. 285. 

Apparently a very flat species ; its length is from 3 to 4 inches; the 
breadth half the width; the general form broad-ovate, but with 
nearly straight sides; the short spines not interfering with the 
general shape. 

Head subtriangular, produced in front, and terminating posteriorly 
in very short spines, which do not reach backwards half the length 
of the thorax (they are unusually short in the specimen figured in 
Plate III. fig. 2). Glabella very flat, and but little raised above the 
cheeks; it is unusually long, reaching even to some distance in 
advance of the front margin, pear-shaped, attaining its greatest 
width about the anterior third, where it is wider than the cheeks. 
Thence it tapers forwards to the obtusely pointed front, and back- 
wards, with straight sides, to the narrow neck segment, which is 
only one-fourth the width of the head. 

Four distinct short furrows indent each side of the glabella, equally 
strong with the neck-furrow; and the lobes thus marked out are of 
equal size. Some specimens show traces of a fifth pair anterior to 
these, which bend back at their extremities towards the next pair. 
These, however, are generally very indistinct. None of the glabella- 
furrows extend quite across *, but leave a somewhat elevated space 
down the middle of the glabella; nor do they quite reach the axial 
furrows, which are well marked. 

The eyes are about halfway up the head, and occupy about half 
the length of the cheeks; they are gently curved downwards and 

* Except the basal ones in the young state (fig. 9). 
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outwards, following nearly the outline of the cheeks. Their upper 
end is very close to the glabella at its widest part. 

The cheeks are triangular, the margin smooth; the surface within 
it is scrobiculate, but not deeply so. ‘Their margin, which is wide at 
the base of the spines and sides, is almost entirely lost in front by 
the overlapping of the large glabella. This is only the case in fully 
grown specimens (fig. 2.) ; in the young (figs. 8, 9, & 10) the margin 
is equal all round, and a considerable space, also, separates the 
glabella from the anterior margin. This space gradually diminishes 
as the individual grows; and the glabella enlarges until, as in the 
fully grown specimen (fig. 2), the margin becomes completely ob- 
literated. 

The labrum (fig. 1a) is curved, expanded at the base, and trun- 
cate at the end, with the angles rounded. 

The thorax consists of nineteen rings; axis convex, tapering, 
and rather narrow, being about a third less than the width of the 
pleurs (including spines) anteriorly, whilst posteriorly, for the last 
siX or seven segments, it is scarcely half as wide, the pleuree having 
increased in length, whilst the axis has been gradually tapering. 
The pleurs are compressed and deeply grooved obliquely to a little 
beyond the base of the spines; the upper fourteen terminate in 
short spines, which turn abruptly backwards, and at about the same 
angle. In the hindmost pleure the spines are somewhat lengthened, 
but are still very short indeed for this genus, and are exactly like 
the two front pleurse of the tail. The latter is composed of two 
nearly free segments, with short spinous pleure (fig. 5), and an 
appendix, which is almost circular and has one pair of lateral ribs 
only. It has a broad axis, marked by five annulations, the hinder 
one being much elongated, and indented slightly along the middle 
of its length. The limb of the broad circular appendix (fig. 6) is 
quite distinguished from the two front pleurze, and is depressed, and 
marked by two furrows, which terminate in the wide margin. The 
upper pleurz are grooved nearly to their tips. Margin of limb 
strongly marked, and somewhat raised.—H. Hicks. 

The close observer can hardly fail to be struck with the sort of 
intermediate character borne by this species. It reminds us almost 
equally of Paradowides and Anopolenus. The shortened spines to 
the body and tail, the long, narrow, and strongly margined eye, 
the transverse, equal, parallel side-lobes of the glabella, the distinct 
anterior margin to the head (on the young specimens at least), the 
squarish, not wide, truncated labrum, and the compound tail, all 
tend to connect this old species, first with such further-developed 
forms as the Anopolenus(?) or Paradowides Loveni, Angelin, of Sweden, 
and, through them, with Anopolenus itself. 

In speaking of the compound tail, I would not be too confident 
that the two pleure really form part of it. But we cannot deny ~ 
that several of the species really have a pair of long-spined pleuree 
attached to the upper border of the tail itself, though their connexion 
with the rounded or squarish appendix is not evidentin general. In 
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our former paper * on the great Paradowides such pleure were de- 
scribed of great length. In the present species they are shorter, but 
still appear to be distinctly separated by simple grooves from the 
circular appendix as in P. Davidis. In P. Loveni they are perfectly 
soldered, and are indicated only by the increased number of lateral 
grooves and marginal spines of that fossil; and in Anopolenus also 
the limb is many-ribbed and the margin spinose.—J. W. 8. 

EXPLANATION OF PLATES II. & III, 

(Illustrative of Fossils from the Menevian Group.) 

Puate II. 

Figs. 1 & 2,4 & 5. Conocoryphe applanata, Salter. Natural size. 
3 perdita, spec. nov. Natural size. 
6. Embryo of Conocoryphe applanata. Magnified. 
7. Conocoryphe humerosa, Salter. Natural size. 
8. bufo, Hicks. Natural size. 
9-12. Paradoxides Aurora, Salter. 

Puate III. 
Paradoxides Hicksit, Salter. 

ee eee 

4, On QuaterNARY Graves. By A. Tytor, F.G.S. 

(Read May 6, 1868 T.) 

[Puates IV.-IX.] 

Ty continuation of a paper on this subject in the Quart. Journ. Geol. 
Soc. vol. xxiv. p. 103, I now submit a number of measured sections 
selected as instances of the deposition of gravels of different character 
under different circumstances both of height above the sea-level and 
distance from the sea. 

The illustrations and remarks in this paper relate to the unfos- 
siliferous gravels of the rivers Taff, Rhondda, and Cynon, in Glamor- 
ganshire, South Wales, to those of the Aire, in Yorkshire, and to 
the fossiliferous gravels and brick-earths of the lower part of the 
Thames and Lea rivers, in the counties of Kent and Essex. 

One section of the fossiliferous gravel of the river Avon, at Salis- 
bury, is given for the purpose cf comparison with those of the 
Thames ; and a section across the valley of the Aire, in Yorkshire, 
is compared with those in the valleys of the Taff and Rhondda. 

A map of part of Glamorganshire, and a longitudinal section of the 
bed of the river Taff, with the heights alone its course measured 
above the height of spring tides at Cardiff, have been prepared to 
define the exact locality of the Welsh gravels alluded to. A similar 
map and sections of the course of the river Aire, in Yorkshire, with 
heights measured from the Ordnance datum, are given for compari- 
son with the Welsh illustrations. 

A sketch-map of part of the river Thames, and of the adjoining 

* Quart. Journ. Geol. Soc. vol. xx. p. 235, pl. 13. f. 2. 
t For the Discussion on this Communication see Quart. Journ. Geol. Sce, 

yol. xxiv. p. 406, 
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counties of Kent and Essex, and separate maps, on a large scale, of the 
Chalk-pits and Brickearth-pits of Erith, Crayford, and Grays define 
the exact position of the sections across the valleys of the Thames and 
in the pits ; and the heights explain their relation to the present river 
Thames. Sections of the raised beach and mammaliferous gravel at 
Brighton, and of the fossiliferous gravel and raised beach at Sangatte, 
showing the contour and the modelling of the upper surface of the 
eravel-series, have been also drawn. A comparative Table of fossil 
shells &c. from the above localities is also added. 

The evidence of numerous sections teaches us that, prior to the 
deposition of the gravel, there was a land-surface smoothly denuded 
by rain and streams so as to form a perfect system of principal and 
minor valleys, the ground sloping from higher to lower points, so as 
to admit the rainfall to flow with the minimum of obstruction into 
the side-valleys and thence into the ancient Thames. The subsequent 
deposition of the gravel-series did not in any way alter old lines of 
drainage ; but where concavities existed the new deposit had a ten- 
dency to fill them up with a thicker stratum of material than was 
spread over the general surface of the chalk or clay. Thus the 
Quaternary beds reach a thickness of 80 feet at the maximum, while 
the average is perhaps only 25 feet in the whole district. Some 
boulders on the upper part of the gravel-deposits reach to many tons 
in weight ; and they’are as large or larger than those in any part of 
the series, so that there is evidence of as great intensity of pluvial 
action at the end as at the commencement of the Quaternary series. 

Except where the old river-channels and concavities are filled up, 
the contour and the modelling of the upper surface of the gravel-series 
resembles that of the clay or chalk on which the lower gravel rests, 
and is perfectly adjusted to carry off the rainfall occurring in the 
later part of the gravel-period into the ancient Thames without any 
impediments. The contour of the land is such that it could only 
have reached its present form by pluvial and fluvial action, and not 
by marine denudation. Many of the minor valleys in which gravel 
and brick-earth were deposited with each flood in the Quaternary 
period are now dry. After the heaviest rainfall in recent times there 
is not sufficient force of water to remove-vegetation, so as to make 
any change in the present surface. 
We are therefore justified in stating that the character of the de- 

nuded surface of the London Clay and Chalk above the level of the 
Thames is evidence of the occurrence of an enormous rainfall in the 
commencement of the grayvel-period, and that the character of the 
surface-deposits of gravel is evidence of nearly as much rainfall at 
the close of that period. 

With a rainfall such as we now have, it would be impossible 
that such widely extended gravel-beds could be spread over an ex- 
tensive area, and reach to a height more than 150 feet above 
the level of the Thames. It is equally impossible for the present vol- 
ume of the Thames to have produced fluviatile beds at all equivalent 
in size to those of the ancient Thames. 

The condition of the beds which rise above the 50-feet level points 
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rather to pluvial than to fluvial action. Of marine remains in the 
Thames-valley gravels there are no traces. 

Tn the south and east of England the hills are rarely higher than 
1000 feet, and the valleys are deep and wide, and are adapted for 
rivers 20 times as large (or more) as those occupied by them now. 

The banks of the old rapid and large rivers are now separated from 
the banks of the present small streams by a great extent of remanié 
alluvium ; and modern gravel has accumulated in the old river-chan- 
nels, owing to the decreased velocity of the present streams. 

This is well shown in the large flat plains of gravel through which 
the Lea river flows, where the river, even in floods, only reaches the 
bottom of the 30-feet bank at Clapton, while the brick-earths and 
gravels of the ancient Lea reach to 80 feet above the level of the 
present stream. 

Some modern streams have still force enough to cut horse-shoe 
bends and new courses out of the flat plains which were probably in 
flood-times constantly overflowed by the old rivers running in the 
eravel-period; but the covering of recent alluvium in the river- 
channel prevents any observation of the character of the gravel 
itself. 

Large and deep side-valleys open into the Thames valley, contain- 
ing small streams or rivers ; but I do not know of any instance of a 
stream in this district having risen high enough, or had force enough, 
to cut through any of the Quaternary deposits, so as to expose a good 
natural section. 

The absence of such natural sections is of important geological 
interest ; for it is evidence that no marked changes of level occurred 
during the gravel-period. If elevations of the land had occurred 
during the latter part of the gravel-period, as has been supposed, and 
rivers had cut down these beds 30 or 40 feet, then all the side-streams 
would have had to adjust their beds to the new circumstances of level, 
and we should have had natural sections in every side-valley, as well 
as in the Thames valley itself. There are no waterfalls in the district ; 
and every stream reaches the main river by a very gradual course in 
obedience to a definite law. 

The fact that no good natural sections of this kind exist in the 
Thames valley, or in the valleys of its tributaries, is a proof that neither 
the principal river nor its confluent streams had force enough to 
break through the upper gravel and to expose the brick-earth and 
sands below. It is also evident from the same facts that the change 
in rainfall, and consequent decrease in volume and speed of all rivers 
and streams in the district, occurred immediately after the close of 
the gravel-period. 

We find natural sections of gravels along the water-courses of the 
streams and rivers of South Wales, where the rainfall is still nearly 
AO inches, and the side-streams fall with great rapidity to the main 
rivers from the high land. The materials cf these gravels are essen- 
tially different from those of the south and east of England; and 
although the two sets of gravels may be identical in age, there would 
be as much relative difference between the deposits in high and low 
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districts in the gravel-period as there is now. I have intro- 
duced illustrations of these Welsh gravels, because it would be im- 
possible to form any clear view of the general features of the grayel- 
period without comparing the sections of the deposits found on the 
upper part of rivers flowing off high land with those formed along 
the lower parts of rivers near the sea in the Quaternary period. The 
general law of deposition will be the same ; and it is this law I wish 
to investigate by the aid of the measured sections. Those sections are 
chosen specially for description where the rock or clay and the in- 
cumbent gravel can be observed together. This gives an opportunity 
of observing the points or lines on which denudation ceases and de- 
position commences. 

In the London basin, the series of Quaternary strata generally 
commences with a coarse gravel, a few feet thick, eating into the 
chalk or London clay in which it lies, and mixing up the clay or 
chalk with the gravel. 

The coarse gravel often passes into coarse sand, and is evidence 
then that the movement of the water at that point was not suffi- 
ciently rapid to transport gravel, or that there was no gravel present 
to be deposited at that moment. 

I have not observed any finely bedded clay or loam in contact with 
_ the surface of the chalk or London clay in the London basin; and 

this appears as if the movement of water over the surface of the clay 
and chalk had been generally rapid at the commencement of the 
Thames deposits. No doubt there are many cases where the first 
deposit has been of fine materials, but I have not been able to meet 
with them. 

Where concavities in the chalk and London clay exist in the 
neighbourhood of the Thames, and in its side-streams, and are so 
situated as to be favourable for quiet deposition, the lowest bed of 
gravel or coarse sand sometimes contains fossils derived from the 
Eocene beds, and rolled Mammalian remains of a later period. Itis 
succeeded by aseries of laminated clays and false-bedded sands, from 
20 to 30 feet in thickness, with water-worn materials, and contain- 
ing fluviatile and land shells, tranquilly deposited with Mammalian 
remains (only occasionally rolled). No natural sections exist of this 
class of deposits; but excavations for brick-earth have during the 
last 30 years opened out several of these fluviatile beds. 

Non-fossiliferous gravels are often clearly contemporaneous with 
these fluviatile brick-earths. If on the same horizon, they are some- 
times interstratified with the fossiliferous beds; but the non-fos- 
siliferous gravels reach to much higher levels, and are deposited 
at much steeper angles, and contain materials not perfectly washed 
or water-worn. ‘They include masse3 of Thanet sands, of plastic 
clay, of London clay, and of the fossiliferous bands of the Wool- 
wich series, buried in great unrolled masses in the gravel, as well 
as water-worn masses of Druid Sandstone, derived from strata 
very near the spot of deposition. These materials were evidently 
washed in by heavy floods, not confined to the valleys, but passing 
over the whole surface of the land, tearing up the ground and carrying 
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it to lower levels into the valleys. At page 124, Quart. Journ. 
Geol. Soc. vol. xxiv., I described such a flood in Sind in the year 
1866, when a rainfall of 24 inches occurred in ten hours, laying all 
the surface of the land under water, and moving very great weights 
a considerable distance. The ancient river-deposits of the Thames 
basin associated with this flood-borne detritus are generally covered 
by an upper bed of well-rolled gravel, not exceeding 10 feet in thick- 
ness. This bed is often only 3 or 4feet thick, and lies on the frequently 
eroded surface of the stratified brick-earths and clays of the middle 
part of the Thames Quaternary series. Even when for a short 
distance this surface-bed contains few pebbles, there is no difficulty 
in identifying it; for it will soon be charged again with pebbles. 
This thin upper coating of well-rolled pebbles, enclosed often in a 
stiff brown clay, but sometimes in sand or loess, extends from the 
river-banks to near the tops of the hills over all the other parts 
of the series of gravels, and often over the London clay and chalk ; 
it covers a most extensive area, forming a marked contrast to 
the middle series of laminated brick-earth, false-bedded sands, and 
stratified clays, which are more confined to the low levels near 
the rivers or brooks. This bed of upper clay and pebbles slopes 
to the lower ground (I estimate on an average) at 1 in 260, and 
falls therefore about 20 feet in a mile. It is washed over the 
surface of the land smoothly, removing all abrupt heaps of gravel, 
and leaving no greater irregularities of the surface in the London 
basin than occasional low terraces. The smoothness and perfect 
manner in which the gravel is deposited is shown by the fact that 
the surface of the London clay or chalk is covered, notwithstanding 
inequalities of the surface, by a bed only 25 feet thick over such a 
large district. 

Fig. 1.—Map of part of the course of the rwer Aire, Yorkshire, 
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Map of the course of the River Aire, from Bingley to Castleford. The 
letters refer to the lines crossing the river, and are for reference to the 
longitudinal section (fig. 2) of the River Aire, or rather of a line sup- 
posed to be drawn at each point of its course 8 feet above the full- 
water-mark of the river. This map bas been accurately reduced by 
the pentagraph from the one-inch Ordnance sheets. 

The river Aire rises near Malham Tarn, in Yorkshire, in the Car- 
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boniferous Limestone, one branch coming from a cave near Gordale 
Scar, then flows over the very thick formation of Millstone-grit, 
reaches the Coal-measures between Shipley and Bingley, and, passing 
over the Magnesian Limestone and the New Red Sandstone, empties 
itself into the Humber, or a branch of the Humber, near Goole. 
The valley-gravel at Leeds is famous for the fine remains of Hippo- 
potamus found in 1852. The bottom of the valley through which 
the Aire flows is from one-half to one and a half mile wide, and is 
coated over with a deposit of gravel and rolled boulders of unequal 
thickness and elevation, consisting principally of limestone at the 
upper part near Malham and Skipton, and of Millstone-grit and 
sandstone near Leeds, with some limestone boulders. The Bingley 
gravel consists of Millstone-grit, sand, rock, and limestone in large 
percentage. Some boulders of limestone are found near the mouth 
of the river near Goole; but at Bingley, fourteen miles from Skipton 
in a direct line, they form a considerable percentage of the whole 
gravel, Until the Leeds and Liverpool Canal was made between 
Leeds and Skipton, this valley-gravel was turned over for the pur- 
pose of removing the limestone boulders for burning into lime. 
There are numerous remains of old limestone-quarries and lime- 
kilns at Bingley, although it is ten miles from the nearest limestone 
rock. 

Fig. 2.—Map of part of the rwer Are. 
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Fig. 2 is a plan of the Aire valley between Bingley and Shipley, 
showing the lines of sections A B and C D from the sandstone-rocks 
on each side of the valley. (See Pl. IV. figs. 2 and 3, for details of 
the sections; and to these I will now refer.) 

The section (fig. 4, Pl. IV.) through Ashtield, half a mile east of 
Bingley, exposes a thick gravel- and boulder-deposit, forming what 
are called the Old Hills. This gravel has been worked over for the 
blocks of limestone it contains, leaving an irregular surface. 
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The gravel is 50 feet above the river Aire in the thickest part ; and 
no rock has been met with to prove how much lies below the level of 
the river-bed; but the town surveyor, who has carried out the 
drainage of that town, informs me that the rock is probably from 
30 to 40 feet below the level of the river. 

Considering the width of the valley, nearly three-fourths of a mile, 
we might estimate the gravel over a width of 1000 yards to be of 
an average thickness of 20 yards; 20,000 yards at a weight of 
13 ton to the cubic yard, is 30,000 tons; there would be then 
30,000 tons of rock and gravel to each yard run, or about 53 million 
tons of gravel to each mile of river, supposing the section, fig. 3, at 
Bingley to contain the average amount of gravel in that valley. 

This quantity of 53 millions of tons of gravel per mile is appa- 
rently not out of proportion to the power and dimensions of a river 
able to flood its valley to a height of 50 feet over a surface a 
mile wide with a gradient of from 3 to 10 feet per mile. 

The escarpments, or gravel-banks, 50 feet high and 200 yards 
wide, in fig. 4, appear to mark the ordinary limits of the ancient 
river, aS the sides of the gravel-bank are laid in many parts in the 
form of a steep escarpment sloping to the current at an angle of from 
25° to 35°, while the top of the gravel-bank is flat, except where it is 
hollowed out by another part of the river-channel more or less 
deeply. A bank of 10 feet above the Aire is sufficient now to retain 
the water, except in the heaviest floods. Contrasting the floods of 
this river at the present time with those in the period when the 
gravels were deposited, it would appear that a flood-line of 10 feet 
now replaces one of 50 feet. The cubes of these flood-lines would 
probably represent the proportion of the volume of water flowing 
down the valley in the two cases. Then 10° is to 50° as is 1 to 125. 
whe volume of water would on that hypothesis now be only the 
zs of that in the gravel-period. 

Section (Pl. IV. fig. 5) along the line C D, through Rye-Loaf Hill, 
one mile E.S.E. of Bingley, shows the outline of the gravel- deposit 
lying on Carboniferous sandstone and shales. This part of the 
Aire gravel, along the line CD, reaches also to a height of 50 feet 
above the present level of the river; it does not appear to have 
ever been worked for limestone, and is about the same height above 
the irver Aire asin A B. The escarpment of the gravel at Rye- 
Loaf Hill is well marked, and slopes to the river at 25°; the top is 
flat, and the form such as could only be produced by a river occupy- 
ing during floods the whole width of the valley, the water rising at 
least 50 feet above the present flood-level. The limestone boulders 

forming a large portion of the Bingley gravel are so well rounded 
that they indicate long-continued rolling in a river-channel. 

There is a swamp to the east of Bingley church, in which remains 
of oak-trees have been found in peat, and below the surface a stratum 
of freshwater shells of existing species, according to my informant. 
This part of the section appears to be identical with the Hippo- 
potamus-bed at Leeds. 

Mr. A. Harris, jun., of Ashfield, found, in 1868, pieces of rolled 
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chalk several inches long below the peat, during an excavation 
made for foundations of a chimney. This chalk may have fallen into 
fissures of the limestone during the denudation of the Cretaceous 
series, and have been washed out again at a comparatively recent 
period. 
The quantity of gravel now left in the valley of the Aire may 

only represent the portion of water-rolled débris arrested in transitu 
to the sea, at a period when there occurred atmospheric changes of a 
character and importance sufficient to reduce the flow of water to its 
present insignificant amount. 
My object in selecting the gravel-deposit of the river Aire as an 

illustration for examination is because that river flows over a variety 
of distinct strata, and yields evidence of the transport of a number 
of large boulders from its source to near its outfall. Then its 
source is in a district in which occur the celebrated caves of Kirk- 
dale, so rich in the large Mammalia, such as Elephant, Rhinoceros, 
Hippopotamus, and Hyzena, and containing in the upper part of the 
cave-deposits human skeletons and pottery. 

Although at Bingley itself no Mammalian remains have been 
noticed, yet at Leeds, twelve miles lower down the river, the follow- 
ing description of the discovery of Hippopotamus sufficiently iden- 
tifies the Leeds gravel with the cave-gravel of the limestone district 
by means of its organic remains, and with the Bingley gravel by 
means of mineral character and stratigraphical position. 

Mr. H. Denny, of Leeds, records the discovery, on the 3rd of April 
1852, of great portions of the skeletons of two or three large spe- 
eimens of Hippopotamus major at the angle formed between the 
river Aire and Wortley Beck, close to Holbeck Station, Leeds, at 
a height of 115 feet above the sea, and 20 feet above the banks of 
the Aire. 

Mr. Denny writes, (‘ West Riding Geological Society Reports 
for 1854,’ p. 325) :—‘‘ The bones were discovered in a dark-blue 
sedimentary clay almost approaching mud, and appear from their 
condition to have belonged to animals which had lived and died in 
the immediate vicinity, and were subsequently drifted, together with 
fragments of trees to the bottom or lower part of a swamp, found 
only in this particular bed of clay, confined to one portion of the 
field; but the clay becomes much thicker, and reaches 10 feet in 
thickness as it approaches this spot, thus clearly indicating it to have 
been lower than the remainder of the brickfield.” 

Beds of clay of variable quality resting upon gravel, with occasion- 
ally large boulders, some of which contain impressions of Stigmaria 
and fragments of trees to the depth of 10 feet, yielded the bones of 
three individuals of Hippopotamus major, whose skeletons seem to 
have been complete when deposited. The canine tusk of one indiyi- 
dual was 18 inches long, by 2; broad. Mr. Denny observed that the 
vertebral column of one Hippopotamus extended in a line across 
the trench ; the ribs appear to have been in situ; and from its posi- 
tion he considered that the animal had been lying on its side. Por- 
tions of the Hlephas primigenius, with molar teeth, and fragments 
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of Urus were also met. with in the Wortley Beck Fields closely 
adjoining. 

Section at Holbeck. 
ESSE LS E25 S55 3 ela a la apie ganda e neg gln ich ae onaelints 2 feet. 
Below sand. 92%: :). S00 SOP br? 2 feet. 
White sand with weil rolled boulders of grit and sand- 

stone, with an occasional fragment of limestone and 
ELE Sys eee eee ies eee aere res thickness unknown. 

Mr. Filiter, the engineer of the Leeds Waterworks, informed me 
that the exact position where the remains were found was 53° 47’ 42” 
N10 34-10" W. 

It is uncertain whether the Aire-valley gravel represents exactly 
the beginning of the series of the Kirkdale-cave deposits ; but the 
discovery of the Hippopotamus 10 feet below the surface of the 
gravel, and only 15 feet above the present level of the Aire, clearly 
proves that the great mass of the Bingley accumulations was anterior 
to the time at which the Leeds Hippopotamus lived. If the upper 
series of these Bingley gravels represented in time the last deposit 
of 10 feet at Leeds, they would be of the same date as the Hippo- 
potamus, and all the lower part of the gravel at Bingley below the 
10-feet level would be older than the Hippopotamus. 

In fig. 2, plan of the course of the river Aire between Bingley and 
Shipley, a curve not very remote from the horseshoe-form is seen. 

The section of the river-banks at many points near this curve (see 
Pl. IV. figs. 4 & 5) present steep escarpments to the river, and thus 
preclude any supposition of glacial or marine action, as neither 
sea nor glacier could arrange heaps of gravel with a regular slope 
facing a river following its course in a horseshoe curve. 

When we find a set of gravels in the valleys of other rivers de- 
posited in slopes and levels in a similar manner, and bearing close 
comparison in contour, condition, mineral contents, dimensions, and 
position with the mammaliferous gravel of the Aire, it may be safely 
inferred that we are examining valley-gravels of the same date as 
that of the Aire, although Hippopotamus and Elephant may not be 
found in every river-deposit. 

The discovery of Hippopotamus in such a nearly perfect and 
unrolled condition in the superficial deposit of the river Aire, at 
Leeds, was a most fortunate thing for geologists who discuss the 
later Quaternary deposits, as it shows that the range of the ex- 
tinct Mammalia extended to a time since which there have been no 
changes of importance in the level, nor disturbance, of the superficial 
deposits in Yorkshire. 

At Cottingley Beck, near C, fig. 2, there is a natural section of 
gravel resting on shale and clay, and containing a block of sandstone - 
moved from adistance. It is 12 feet long, and of very great weight, 
and only 6 feet from the surface. This could only have been trans- 
ported down the small valley occupied by Cottingley Beck by a very 
heavy flood, and is an indication of the amount of rain which must have 
fallen at the date of the accumulation of the Aire-valley gravels. 

Similar animal remains to those at Leeds have been found 
VOL. XXV.—PART I. F 
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associated with the works of man near Bedford, Abbeville, Salisbury, 
and other localities, so that we are enabled to correlate the gravel of . 
the river Aire with that of a number of rivers which appear to have 
risen in times of floods from 40 to 80 feet above their present ordinary 
level in that part of the Quaternary period which I term the “ Pluvial 
period ” (Quart. Journ. Geol. Soc. vol. xxiv. pp. 105, 120). 

The Cyrena fluminalis or consobrina is found in the gravels abun- 
dantly at St. Valery, at the mouth of the river Somme, in Picardy, 
and also in the estuary of the Humber at Kelsey Hill. The Aire 
flows into the Humber. 

There is, as might be expected, great difference in the materials 
of which the respective gravels are composed, arising from the dif- 
ferent character of the rocks over which the rivers flow, and from 
the greater fall of the Aire in its course, from its source to the sea, 
than that of the Somme. The important stratified valley-gravel at 
Abbeville, containing numerous species of shells, is represented 
by the Kelsey-Hill and Hessle beds near the mouth of the Humber at 
a similar height above the river. The width of the valleys is not so 
different as their depth; but this is due, as before stated, to the differ- 
ence in the fall of water per mile in the two rivers Somme and Aire. 

There is no good section of gravel now open at Bingley. The 
limestone boulder-pits have been filled up many years; and the rail- 
way is carried near the present river, or in an old secondary river- 
course of the gravel-period. 

GLAMORGANSHIRE GRAVELS. 

I shall now describe some measured sections of very thick and 
important river-gravels in the valleys of the rivers Taff, Rhondda, 
and Cynon, in Glamorganshire, South Wales. 

A longitudinal section of the river Taff would show the rapid 
character of the river, which falls nearly 500 ft. between Merthyr 
Tydvil (A, fig. 3) and the sea at Cardiff, about twenty miles. The 
following heights of the bed of the river Taff, above the coping of 
Bute Dock, Cardiff, were kindly furnished me by Mr. George Fisher, 
Engineer in chief, Taff-Vale Railway. These heights were the only 
ones sent to me relating to the river Taff. Their exact position on 
the map was also laid down by Mr. Fisher himself, and fig. 3 is a care- 
fully reduced copy of his map. The coping of Bute Dock is 9-82 ft. 
above the level of ordinary spring tides. 

Plate V. is a plan of the river Taff, near Quaker’s- Yard Junction. 
Pl. IV. fig. 1 represents a long section opened out by the Taff Vale 
Railway (A BC), the position of which is shown on the plan (Pl. V.). 
The heights at different points have been kindly determined by Mr. 
L. T. Lewis, F.G.S., of Aberdare, or by Mr. G. Fisher, of Cardiff, and 
are marked on the section. Hi 

The plan and section of the valley of the Taff, between Quaker’s- 
Yard Junction and Aberdare Junction of Taff Vale, represent 
about one mile in length by two-thirds of a mile broad. The 
height of the point of the sandstone-rock forming the crown of 
the hills is about 275 feet above the level of the Taff at Aberdare 

Ee ee 
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Junction; the river under the viaduct is 325 feet above the mean 
level of the tide at Liverpool. The rails of the Taff-Vale line are 
96 feet above the Taff at Quaker’s-Yard Junction, and 30 feet at 
Aberdare Junction, so that the rails are laid on a very steep 
incline of 1 in 50. On the average, between B and C the fall of the 
rail is 154 feet, and that of the river about 88 feet between the 
two stations. The rails cross the river on a viaduct about 96 feet 
high near the upper end of the incline, and on a bridge 30 feet high 
at the bottom of the incline. 

Fig. 3.—Map of part of the course of the rer Taff, Glamorganshire. 
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The section given in Pl. LV. fig. 1 commences at Quaker’s-Yard 
Junction with a bed of loose gravel lying along the sides of the valley, 
140 feet high above the river, but probably not of greater thickness 
than 40 or 50 feet on any part of the rock out of which the sloping 
sides of the valley are excavated, The gravel is full of very large 
boulders of the local Carboniferous rock, which is an extremely hard, 
compact, massive-bedded sandstone of the Pennant series, several 
hundred feet thick. These boulders are sometimes angular, and 
sometimes weathered or rolled. There also occur quantities of Mill- 
stone-grit, brought ten miles down the valley of the Taff, these being 
always rolled, and boulders of limestone, with a small but conspicuous 
percentage of well-rolled pebbles of Old Red Sandstone from the 
Brecon Beacons and other distant hills. These red pebbles are still 
more worn and rolled than those of the Limestone and Millstone- 
grit, the source of which is nearer to Quaker’s Yard than the Old 
Red Sandstone. The matrix is clay and sand derived from the Coal- 
measures, or from decomposed Millstone-grit. 

After passing the viaduct, Pl. IV. fig. 1, the section is continued 
F2 
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through a deep railway-cutting, the rails being 80 feet below the 

surface of the ground, and 112 feet below the adjoining peak of 

rock at D. 
The escarpment of rock is shown to slope about 43° N., at the 

northern end of the cutting, B, close to the viaduct, and only about 

20° at the southern end, D. Gravel with boulders of Old Red Sand- 

stone, and many other rocks, is spread over the surface of the rock 

at D, up to a height of 200 feet above the river Taff. 

Fig. 4.—Enlarged Section of Gravel Deposit. 
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Fig. 4 is an enlarged view of the section at B along the line of 
railway, showing the gravel lying in a concavity of the rock forming 
a part of the Taff valley, at very high angles. Near the rock the 
dip of the gravel is 35°, gradually becoming less steep until it reaches 
18°. The gravel below the rails is not exposed at this point. It 
will be seen that fig. 4 should have been reversed, to accord with 
PL.1V. fig. 1; it is on the natural scale. 

Fig. 5 is a transverse section at right angles to Plate IV. fig. 1, 
and fig. 4, showing the railway-cutting at the point D. As it is 

Fig. 5,—Section across the Taff-Valley Railway. 
510. Ze lwt 505. 

Rails 398 feet. 

not sloped, it gives a good opportunity of studying the position of 
the gravel, particularly as the surface of the rock is clearly exhi- 

ao 
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bited in the centre of the cutting. From this section it is evident 
that the Taff river flowed at one time in a straight line from near 
Quaker’s-Yard Junction to Aberdare Junction, excavating the small 
valley shown in fig. 5, before it formed the horseshoe bend shown 
on the plan (PI. V.), through which the river now reaches the same 
point, G; this valley at D is about 40 feet deep, and 200 yards across, 
and is excavated out of the wedge-bedded pennants, which dip south- 
east at a small angle, but have both horizontal and vertical joints 
well marked, dividing the rock into cubical masses at angles varying 
from 80° to 85°. 

The railway engineers have taken advantage of this natural valley, 
and cut through it to a depth of 60 feet below the bottom of the 
gravel. 

I wish to call attention to the position of this well-rolled loose 
gravel, containing many pieces of Old Red Sandstone and Millstone- 
grit, brought from above Merthyr and deposited at a very high level 
in the small valley cut out of the sandstone rock at Quaker’s Yard. 
The rails are 393 feet above the datum-line at Cardiff, and the gravel 
is about 460 feet above the datum-line, and 163 feet above the river 
Taff, close by. If the horseshoe bend (Plate V.) had been gorged 
with ice at the gravel-period so as to prevent the passage of the 
river round the valley BHC, Plate V,, then the river might have 
risen to a height which would have enabled it to pass along the line 
BDEFC; and the rolled gravel, which is a loose superficial deposit, 
may have been left by the last great flood. 

Returning to Plate IV. fig. 1—before reaching E the rails cross 
a small lateral valley on an embankment 20 feet high, the sur- 
face of the ground dipping at right angles to the rails at an angle 
of 15°, and so reaching the river at an angle of 30°. The great 
gravel-cutting E F is now entered, and shows a maximum thickness 
of gravel of 70 feet. 

The great cutting, E F, nearly in the line of the old incline, com- 
mences with a series of large blocks of sandstone from 6 to 9 feet 
long, laid at an angle of 1° N., and forming the last or topmost 
layer of the gravel. These great pieces of rock have evidently only 
descended a few yards from the mass from which they were detached. 
The gravel becomes 55 feet thick at a point (EZ) where the sand-rock 
is exposed (see fig. 6, p.70). The sand-rock in the cutting is visible 
for nearly 60 yards to a height of 7 feet above the rails at the maxi- 
mum. This gravel may be observed to be roughly parallel to the 
top surface of rock, which slopes gently to the south. The greatest 
thickness of gravel with large boulders occurs near F, reaching 
70 feet. The slope of the surface is given at different points. 

The larger blocks are often arranged in lines or planes of deposi- 
tion, forming a distinct measurable angle. In the larger gravel-cut- 
ting, E F, they are not in any case more than 15°; near the viaduct 
they reach an angle of 35° near the rock. These planes follow, and 
are nearly parallel with, the surface of the rock which crops out at E, 
and are so arranged that the last bed of gravel forming the surface, 
being also the last superficial deposit, is also almost parallel with the 
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top surface of the bed of stones on which it lies, just as the last bed 
is almost parallel with the mean angle of the surface of the rock on 
which it is spread by the action of water (see E). This section is 
to natural scale. 

Fig. 6*.—Section along cutting of Taff-Vailey Railway. 
BRIDGE N. 
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The exposure of rock at many different points of the horseshoe 
bend near the piers of the viaduct, and in the bed of the river, adds 
to the interest of the sections at Quaker’s Yard. I shall now de- 
scribe the character of this large rock-basin in which the gravel 
under consideration is contained. The first place at which I ob- 
served the rock was near the river, where a small quarry is worked 
close to one of the piers of the viaduct. The dip is slightly south-east, 
and the stone is divided by nearly vertical joints; there is another 
quarry of the same character on the opposite bank, between the 
tramway-bridge and the south-east end of the railway-viaduct, but 
close to the latter. In following the tramway round the horseshoe 
bend the rock is frequently visible ; in the river-bed it is concealed 
by a coating of gravel as far as the junction of the stream at the 
north-east point of the bend. The gradient of this small stream is 
steep, and the water enters the river with some velocity, running 
nearly parallel with the Taff near the junction.. The water of the 
Taff, up to the junction, is smooth, and flows quietly over a gravel 
bottom; but the lateral stream, coming in with added velocity, 
causes the stream of the Taff River almost to split into two different 
paths, one taking the east, and the other, or larger portion, crossing 
the bed of the river, and hollowing out a deep channel in the rock 
close to the west bank. The river flows below the junction at H 
entirely over rock, the gravel not being able to rest on account of 
the velocity of the current. | 

The action on the river-bed corresponds with what I have repre- 
sented in other sections that I have made, which show that the 
work of denudation, or cutting out of the solid rock, is principally 
due to running water, either in the lateral streams themselves, or in 
the main river immediately after the side-stream has emptied itself 
into it. Of this I shall bring forward other examples at another 

* Fig. 6 is also reversed. See Plate IV. fig. 1 at EH. 
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time, to show that the work of denudation performed by the main 
stream flowing at the bottom of a deep valley becomes insignificant 
compared with that of the side-streams flowing into the main river. 

The river itself only operates on a narrow slip of ground at the 
bottom of the valley, although, by the momentum it possesses and 
its constant action, it has a powerful denuding force. The side- 
streams flowing into the river, on the contrary, although more inter- 
mittent, act on the whole of the remaining surface of the valley, 
either through themselves or their smaller tributaries. They thus 
denude an area twenty times as great (or even more) as the river 
itself can touch. The side-streams are less fixed in position, and 
run with many times the speed of the river itself. Their power as 
an agent of denudation is not in proportion to the average amount 
of water which they contain, but to their speed in flood-times. 

The side-streams occupy channels of infinitely greater length than 
that of the mainriver. The points where the greatest force of water 
is employed now at the bottom of the Taff valley are where the water 
in the side-streams and the main stream unite, as at the north-east 
corner of the horseshoe bend at Quaker’s Yard at H. 

At the south-eastern corner is a large quarry close to the road, in 
which 60 feet of massive-bedded sandstone is seen. It is also seen 
in the river-bed. 

As the rails near the viaduct are 96 feet above the level of the 
river, and as rock is seen 120 feet above the rails, and 96 feet below 
them, we have at least 216 feet of solid sand-rock exposed in these 
sections, without any intermixture of clay or shale. This is an im- 
portant fact, as we may observe that a horseshoe bend of as per- 
fect a form as in alluvial soil may be excavated in solid rock. Mr. 
Fergusson has attempted to prove that the sizes of the bends and 
curves in rivers depend upon the velocity of the river, and that a 
curve in a river falling 10 feet in a mile will be smaller than one in 
a river falling 5 feet in a mile; but at Quaker’s Yard we have a 
well-formed large horseshoe bend in a river falling 50 feet in a 
mile. The laws which regulate the flow of rivers may be different 
in sand-rocks from what they are in alluvial soil; but I still hold 
the view as to the cause of these curves which I mentioned to the 
Society in 1852, but which it is unnecessary to discuss at the present 
moment *. 

At A, Plate IV. fig. 1, the gravels are exhibited very clearly in the 
cuttings at and near Quaker’s- Yard Station ; these are 200 yards long 
and 40 feet deep, and are represented at the north end of the section. 
The local sand-rock furnishes the largest, most numerous, and least- 
rolled pieces, many of them 8 and 9 feetlong. The boulders of Mill- 
stone-grit are generally well rolled, and not more than 6 feet long ; 
those of Old Red Sandstone are throughout well rolled, and not often 
more than 2 feet. Not more than one stone out of 500 is derived from 
the Old Red Sandstone or Millstone-grit. 

The gravel is supposed to be from 30 to 40 feet thick at A, covering 
the side of the hill to a height of 200 feet or more above the river. 

* See Phil. Mag. 4th series, vol. v. p. 275, 1852. 
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The stratification is generally flat where the sand is bedded at all ; 
but the junction of the sand-rock and gravel is rarely seen at any 
part of this section north of the viaduct. 

The gravel of the Taff retains its character as far as the sea-coast, 
and resembles that of the Neath river, described by Mr. Moggridge, 
Quart. Journ. Geol. Soc. vol. x11. p. 169. During the excavations for 
the Swansea Docks, Mr. Moggridge found part of this river-gravel, 
which he identified by the presence of river-rolled Old-Red-Sandstone, 
Limestone, and Millstone-grit boulders (which had come from the 
parent-rocks, more than twenty miles distant) above stratified beds 
of marine clay alternating with peat. The marine clay contained 
Scrobicularia piperata, a shell which now lives abundantly in the 
sands of the adjoining shore. 

The river Taff and the Swansea and Neath rivers expose sections 
of gravel all along their course to the sea-coast; and the ancient 
banks and river-beds of these rivers consist of well-rolled boulders 
from the higher districts, deposited with those of local rocks in every 
part. Their ancient banks have a contour and escarpments like 
those of the Aire (see Plate IV. figs. 4 & 5). The gravel becomes 
rather smaller as the sea-coast is reached, and has then, no doubt, 
been removed and redeposited many times. The gravel near the 
level of each river is of similar age throughout its course, and must 
be considered very recent. 

Mr. Godwin-Austen (Quart. Journ. Geol. Soc. vol. vii. p. 134, pl. 7) 
also describes this part of South Wales under the heading “ Insulated 
Areas in periods of greatest depression,” from evidence of a very 
different character from that offered by me. 

Fig. 7 is accompanied by a scale of heights in feet, and of length 
in chains (66 feet each), and is a reduction by the pentagraph of a 
section taken for me in 1867 to determine exactly the thickness 
and position of the Hirwain gravel. (See Map, fig. 3, page 67.) 
The thick deposits of gravel on Hirwain Common are cut through by 
several rapid streams flowing from the lofty range of hills separating 
Hirwain Common from the Rhondda Valley. I have selected the 
section, fig. 7, along the course of one of the Hirwain streams, as an 
instance of the continuity of gravel from high ground to the bottom 
of the valley, and of the regularity of the action of denudation and 
also of deposition. 

Fig. 8 is a reduction from a drawing made of an excavation in 
the gravel and the underlying coal-seam. The gravel is tinted to 
represent the lower, middle, and upper gravels. The lowest portion 
consists principally of the clays and shales of the Lower Coal-measures, 
slightly moved from their outcrop down towards the river Cynon. 
The middle division is stronger clay than the upper; but as the 
gravels approach the river they become sandy, and have been worked 
over for the limestone boulders they contain, and for sand for the use 
of the furnaces at the ironworks. 

This sketch gives an actual view of the passage of the soft beds of 
the Coal-measures into gravel, at the end of the gravel-period. This 
excavation gives a better illustration of the actual process of denu- 
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dation than can be obtained from natural sections in brooks, where 
the different gravels are moved and mixed up together by the recent 
action of water. The total thickness of the gravel is 18 feet. 

Fig. 8.—Section showing Coal-seams squeezed wnto drift during the 
deposition of the lowest gravel on Hirwain Common.—WNatural 
scale. 
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Near this well-known cave limestone-gravel lies on a very steep 
cliff of limestone, in some places sloping as much as 70° to the sea. 
The top surface of this gravel lies at an angle of 34°; and the 
bottom fills up the concavity in the limestone rocks. The path to 
the cave passes over this gravel, which is entirely composed of sharp 
angular fragments of limestone, cemented together by carbonate of 
lime, a process which seems to have been common in the Quaternary 
period. I noted, on a previous occasion, the manner in which lime- 
stone-blocks had been observed by Mr. Pengelly to be cemented 
together near Torquay, at a considerable height above the sea. 

The mass of limestone-gravel falling down this cliff, accumu- 
lating in concavities, and sloping to the sea at an angle of 32°S. 
on the surface, may be seen at a height of 120 feet above the sea. 
In its course from the high cliffs above, it seems to have sent off a 
vein of gravel at a point 70 feet above the sea, to the east, at an 
angle of 11°. 

This vein of angular gravel thickens to the east, and expands toa 
thickness of 25 feet when it reaches the opening in the limestone 
cliff called Bacon Hole, a deep fissure penetrating a long distance 
into the limestone cliff, in a northerly direction, and having a roof 
with an acute angle, which has often been described. 
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The gravel here includes some enormous blocks of limestone, 
which have fallen into it from the rock above. When this stream 
of gravel reaches the mouth of Bacon Hole, it turns sharp round into 
the cave in a northerly direction, the angle of deposition changing to 
25° N., the floor of the cave being about 30 feet above high water. 
The limestone-gravel is covered with the black bone-earth in which 
so many remains of Elephant and Rhinoceros have been found in the 
cave, and is mixed with marine shells of species now living on the 
coast and in the sea-sand. The whole is covered with stalagmite, from 
2 to 3 feet thick, also sloping northwards at an angle of 25° N. There 
are layers of stalagmite included within the limestone-breccia 
(proving changes in the conditions of deposition at intervals) in the 
cave; but the gravel, although so much higher on the side of the 
cliff to the west, does not fill up the whole of the cave. 

Looking at Dr. Buckland’s drawings of caves, I think there is 
evidence that much of the loose materials which have formed the 
cave-deposit have passed downwards from the subaerial gravels on 
higher levels, and continued through and over the caves as far as the 
level of the sea, lake, or river below them. 

All English bone-caves are at levels within 150 feet of running 
water at the present time, or of the sea; and the great majority are 
within the limit of 70 or 80 feet, their fossiliferous contents cor- 
responding in level with all the known fossiliferous gravels con- 
taining mammalian remains, including the Crag. 

In the period referred to, water ran apparently in the bottom of 
the valleys which are now dry. 

All bone-caves seem, at the time of the deposition of their con- 
tents, to have been in situations where water traversed them from 
fissures above, and flowed into them from the side streams flowing 
along the valleys in which they are situated, and they offer evidence 
of an immense rainfall at the period of the deposition of the cave- 
gravels. The very washed condition of the materials found in bone- 
caves, and the manner of accumulation, indicate that their contents 
were more derived from above than below; and the enormous pieces 
of limestone which have fallen into the gravel at Kent’s Hole and 
Bacon Hole show that there must have been not only the action of | 
running water thereon, but the force of a column of water upon the 
cave to dislodge the pieces from the roof. 

There are in all caves apertures in the roof, evidently worn by 
water coming through it. I observed a good instance of this 
in the Paviland Cave at Gower (close as it is to the sea), and another 
in Brixham Cave. Some years since, I believe, it was remarked by 
Dr. Buckland that there were always at least three openings in bone- 
caves, two of them from higher levels than the mouth. 

The subaerial gravel comes down the steep slopes of the limestone 
cliffs at Gower from a great height, and falls into a stratified marine 
deposit, just as it falls down the steep cliffs into the Hopes-Nose 
raised beach, near Torquay, where it is mingled with the sea-sand, 
pebbles, and shells deposited almost horizontally on the limestone 
rock, 
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TRANSVERSE SECTION oF Ruonpps VALLEY. 
The Rhondda river unites with the Taff river twelve miles below 

Quaker’s Yard, and fifteen miles from its source. 
The transverse section across C measures 1730 yards from the 

opening of the levels on the opposite sides, 84 yards on the west side, 
and 79 yards on the east side, above the level of the Rhondda river, 
at the point C. 

The gradient from the west level (D) to the river is 1 in 13, 
that from the east level (C) is still steeper, being 1 in 84; so that 
the sides of the valley slope at 1 in 11 on the average (from C and 
D to the river), or at an angle of 8°. The point C is about four 
miles from the furthest watershed of the river beyond. 

Below the level of the quarry, on the west side, above the river, 
there is no rock seen except at one point in a watercourse. 

The dip of the Coal-measures at this point (D E) is about 3° north, 
and the section (Pl. IV. fig. 3, D E) is nearly east and west. 

The escarpment of the high ground above D and E is nearly twice 
as steep and high as that of the South Downs, and pursues its course 
nearly north and south along each side of the Rhondda valley. The 
dip varies, sometimes being northerly, and at other times south. 
This is marked by the arrows in the Ordnance map; and the lines of 
outcrop of the coal also show the direction of the escarpment. The 
escarpment, therefore, in the Rhondda valley is in the direction 
of the dip, and not of the strike; and the dip changes without any 
alteration in the direction of the escarpment. In fact, in this district, 
we have in a short distance escarpments parallel with the dip and 
strike, and also at almost every angle to them. 

The valley is at DE about 300 yards deep, but is not shown 
above the quarry in the diagram, as I do not allude at the present 
time to anything more than the portion of the gravel in the valley 
below the No. 2 vein of coal. I visited this pit several times durmg 
the progress of the sinking, and counted the proportion of rolled 
to weathered stones each time. About one-eighth of the gravel in 
this pit was well rolled, the remainder being generally weathered. 

It is evident that if only one-eighth of the gravel is rolled by the 
river, seven-eighths of it must have been obtained from the sides 
of the valley, west and east of the pit, and only one-eighth from 
the north, and that the valley was then widening much faster 
than it was lengthening in the latter part of the Quaternary period. 
There are times in the denudation of valleys when pluvial action on 
the sides of the valley is much greater than fluvial action in the centre 
of the valley. I mentioned (Quart. Journ. Geol. Soc, vol. xxiv. p. 117) 
that even in the valley of the Somme, where the fall of the river is 
so small, a great mass of the material deposited in the coneavities 
of the valley near the margin of the river is derived from the adja- 
cent country, and has never been river-borne. Different as is the 
position of the gravel of the Rhondda, in this respect it resembles 
that of the Somme. 

The gravel-deposit continues for the whole length of, and is also 
met with at a considerable height above the Rhondda river. The 
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cause of this great fall of rock and clay is due to the position of 
the permeable and impermeable beds, and the influence of the im- 
mense rainfall occurring, I believe, at former periods, which has 
detached large portions from the high ground on the side of the 
valley, and let it fall into the channel of the river below. 

The character of the deposit in this valley is very simple; it is 
sand-rock, clay, and shale, derived from the adjoining higher beds. 
In the pit sunk near C all the stones were either weathered or 
rolled, including one block of several tons weight. As the Rhondda 
valley is separated by a hill 800 feet high in one part, and 600 
feet from Hirwain in the lowest part,-above the river-course, which 
flows off from the Millstone-grit and Old Red Sandstone, there are 
no boulders of these rocks in this valley ; all is purely local. 

In sinking the pit at C, which was 20 feet in diameter, the rock 
was reached on the west side of the pit 8 yards before solid ground 
on the east side was met with, so that the angle of the escarpment 
of the ancient bank of the river or side of the valley was about 50° 
to the ancient river. 

By means of this sinking it is known that the gravel there is 101 
feet thick; and, taking the average thickness to be 20 yards, and 
the width 1700 yards, there would be 34,000 cubic yards in each yard 
run (supposing that section C represents the average amount of gravel 
in the valley), which, at 11 ton to the cubic yard, represents 89,760,000 
tons of gravel to the mile. The river flows over at least 50 feet of 
gravel, and probably much more. 

The section of gravel passed through in the pit is as follows :— 

ft. in 
PUMPER! wick ees ace yes kee ce ek ee > ately oat 3 
Blue clay with larve stones 2. 0. ke ee ee 23 6 
Sand He She Oy Ses ee eee 18 0 
TE GEST eer se ee ee 5 6 
Gravel width large SOMES 65.6 on oo hs oe ee ee ee wens 20. 6 
FAVEL WIL CLAY cies ae ne oes Beret ate iat Saleare 13 0 
DTU: eee bah SE 0 appar Se ina eens ee a 5 0 
RABABO lean aerate halts aleatd ots al Soa va Skye we sess 6 0 

101 0 

The fall of the Rhondda river in the distance of a mile before it 
reaches C is about 500 feet, in which distance there are two water- 
falls. 

The vast extent and the character of the Rhondda gravels proves 
that the denudation of the Rhondda valley was not dependent upon 
large rivers, or marine or glacial action, but might have been caused 
by intense pluvial action. 

In a wet season, water pours over the escarpment along the edge 
of the hills into the Rhondda valley, and is not confined to a few 
distant watercourses; but there is no evidence of any accumulations 
of gravel now; perhaps the fall of stones along the escarpment equals 
the quantity carried down the river in floods. 

The Salisbury pits are celebrated for their mammalian remains, 
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which, according to Dr. Blackmore, are associated with flint instru- 
ments of the Amiens type. 

Land and freshwater shells are very 
abundant. The great shell-bed is near 
the chalk, lying upon a bed of gravel; 
and the Pupa-bed touches the lower sur- 
face of the covering bed of gravel, e. 
While the curve of the surface is on the 
average 3° between A and B, the dip of 
the lower gravel, 6, where it touches the 
escarpment of the chalk, will probably 
lie at a very steep angle. 

The Pupa-bed, ¢, a fine loess, is marked 
by a distinct band of colour; it is about 
2 ft. thick, and slopes to the river in a 
gentle curve. I have marked its dip 
16°, then 11°, then 9°. The bed ¢ con- 
tains only six species of shells, Helix 
arbustorum (?), Helix hispida, Zua lu- 
brica, Lymnea palustris, Valvata prsei- 
nalis, Pisidiwm obtusale, besides the Pupe 
in immense abundance. The lower band 
6 contains thirty-one species of terres- 
trial and fluviatile shells, according to the 
lists of the late Mr. John Brown and Dr. 
Blackmore. 

The chalk, a, is 30 feet from the sur- 
face at A, but in 30 yards it reaches the 
surface; so that the escarpment in the 
part not yet opened is known to be at 
an angle of 30°, sloping towards the 
river. As is usual, the brick-earth is 
thickest a little way from the escarpment, 
and passes, on the same horizon, into 
gravel and sand as you approach the 
river. 

wy - The remains of another arctic mammal 
pad | | (the Musk-Ox) have been recently found 
ee elie ay in the loess at Salisbury. This animal 

4s Y LL +44] is now living in a remote part of North 
ale s] t | HH L America. The stratification at Salis- 
sh OI te bury, shown in fig. 9, is very similar to 

that at Erith, fig. 17. 
The mammalian gravel and Combe rock extends from Brighton, 

without interruption, to the point drawn, fig. 10, and presents a cliff 
of roughly stratified beds facing the sea, about 60 ft. in height. 

The escarpment of the chalk is known to be not far distant in the 
rear of the present face of the cliffs at any point; and an extensive 
fall of gravel has exposed the escarpment of chalk. In the steepest 

Fig. 9.—Section near Salisbury. 
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part it is 60°, S., curving gradually towards high-water mark. At b 
the raised beach of flint-shingle, with masses of slightly rolled chalk, 
is seen reposing on it, dipping to the sea at about 6°, and above 8 or 
10 ft. above the present high-water mark. 

There are alternations of beds of very large flints beach-rolled, 
and layers of chalk débris, many pieces with the corners slightly 
rounded, varying from 6 in. to 2 feet in length. The fall of cliff at 
the spot represented in fig. 10 enables the geologist to measure the 

Fig. 10.—Section about half a mile Hast of Sussex Square, Brighton. 
N. S. 

Covering bed. 

Combe rock. 

\ Raised beach. 

7 A w i a 2) 
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(Sa SS Se eS Sa Se ee ew ae BS SS Modern beach. 
it uit ST ies oes) Le 5 mL ay mr ot 7 w iv 0) GEES a 
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Upper Chalk-with-flints. 

. angle of deposition of the gravel and Combe rock north and south, 
and also to observe the face east and west. The dips at several points 
have been marked in the sketch. The raised beach dips south at from 

Fig. 11.—Section at Brighton. 
8. 

Covering bed. 

Modem beach. 

6° to 8°, and the covering bed also south at 2°. We thus meet near 
the sea with the condition of the basement bed of gravel (6, fig. 10) and 
of the covering bed of gravel being deposited nearly horizontally, while 
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the intermediate series of stratified gravels, with the lower beds called 
Combe rock, a mixture of chalk and flint with yellow clay, have been 
pitched and washed by pluvial action over the escarpment. These 
materials, derived from the high ground behind the escarpment, and 
thrown over it, have not been sufficiently water-washed, nor perhaps 
even placed within the reach of water flowing sufficiently fast, to re- 
move the angles of the soft chalk fragments ; nor has the act of depo- 
sition abraded the edges of the flint, which are often splintered before 
being bedded in the Combe rock. 

Fig. 11 is another view of the structure of the Brighton gravel- 
bed, at a point a little to the west of fig. 10, where the escarpment of 
the chalk must be very near the face of the cliff. The raised shingle- 
beach is 6 ft. thick, and falls at 8° south to the sea. The position of 
the present beach is shown 9 ft. below the ancient one. Dr. 
Mantell first obtained remains of Hlephas, from these deposits, near 
Sussex Square ; but no shells have yet been found in them. 

Fig. 12 has been, by mistake, reversed in the drawing, and is 

Fig. 12.— Vertical Section of Brighton Cliff. 
W. 

s e. Covering bed. 

S| d, Combe rock. 

= e. Stratum of chalk boulders. 

eR a RES 5 PISCE S SG SOS SOS EATON EE 
SIS CB ESCO, see 

= = 6, Ancient shingle-beach. 
ESS 

a vertical section of the Brighton gravel-beds at a point intermediate 
between that shown in fig. 10 and Sussex Square. By means of a 
footpath up the cliff, I was enabled to determine the dip of part of 
the middle series of gravels (d) to be 25° west. The covering bed 
and gravel (e) and the raised beach deposited at the bottom (6) 
appear quite horizontal at that point. 

The old beach (6) is about 7 ft. thick, and the chalk boulder- 
bands (c) interstratified with flints about 9 ft. thick, the cliff being 
about 63 ft. high. 

Fig. 13, on a larger scale, exhibits a front view of the cliff 100 
yards east of the Rottingdean landing-place, three miles east of 
Sussex Square, Brighton. This is near the termination of the 
Brighton gravel-deposit; and I have drawn it to show the manner 
in which the gravel reposes in a hollow of the chalk, formed by a 
stream which reached the sea at Rottingdean in the gravel-period. 
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There is a bed of marl on the 6 feet of solid chalk, shown in fig. 13, 

Fig. 13.—Section of the Cliff East of the Gap, Rottingdean, Sussex. 
W. . E. 

Ih f | 
il 
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and also continuous bands of flints. We can thus accurately ob- 
serve the marks of the movement which has taken place in the upper 
surface of the denuded chalk. The bed of tabular flints, about 1 inch 
thick, touching the upper part of the artificial opening marked cave, 
is fractured and contorted, while the traces of a still higher band of 
large detached flints are visible in the gravel above the top of the cave, 
where it ends. Then comes a coarse ochreous flint-gravel 7 feet 
thick, with veins of sands and some chalk fragments. This is eaten 
into by the covering dark bed of sand with flints. The middle por- 
tion of this section is chalky, and must have been more altered 
by chemical than by mechanical action, as the flint-veins have been 
so little disturbed. At p. 113 of the last volume of this journal I 
gave some illustrations of the destruction of chalk in situ by some 
kind of chemical action, which was probably contemporaneous, if not 
identical, with that which has eroded the surface of the chalk, and 
formed pipes over such large areas. 

Fig. 14, representing the highly-inclined chalk with flint veins 200 
yards east of Freshwater Gate, Isle of Wight, is given for com- 
parison. ‘The covering bed is nearly horizontal, as usual. The cha- 
racter of the chalk and the disposition of the gravel closely re- 
semble those at Rottingdean ; and the latter is about the same height, 
from 25 to 30 feet. Mammalian remains have been found in this bed 
close by Freshwater Gate. 

Fig. 15, Sangatte Cliff, near Calais, is given for comparison with 
these Brighton sections. The escarpment of the chalk, near the upper 
part is 43°, then it reaches 55°, and descends to 43°. The Sangatte 
raised beach is just above the level of high water at this point, and 
is composed of large flints and pieces of chalk, as at Brighton. 

VOL. XXV.—PART I. G 
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In the middle of the Sangatte series a line of chalk boulders, de- 

posited at an angle of 12°, is shown in some places. At about half a 

Fig. 14.—Section of Cliff East of Freshwater Gate, Isle of Wight. 
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mile from this point Mr. Prestwich found, just above high-water 
mark, abundance of freshwater shells of living species in a fine tran- 
quilly deposited marl covered by 50 feet of gravel, continuous with 
the upper 30 ft. of the gravel shown in fig. 15. The slope of the 
covering bed of gravel (e) is not more than 1° or 2°. There is very 
high ground at the back of this section (which is near Cape Blanc- 
nez), from which the chalk and gravel were derived and thrown over 
the ancient chalk-cliff 80 feet high. 

Near the village of Sangatte the covering gravel reaches high- 
water mark, and the whole of the middle series intercalated between 
the basement gravel and the covering gravel is seen. 

While the materials of the gravel at Sangatte are principally 
brought over the cliff from the high land, they are interstratified 
with an ordinary beach and with a lacustrine deposit formed at the 
same time within a few feet of the present level of high water. 

A similar beach, or a similar lacustrine deposit, might: be formed 

EI — 
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at the present time; but the physical conditions under which a 
gravel-deposit like that at Sangatte could occur do not exist at the 
present time in France. It would require the rainfall of a pluvial 
period to furnish the fresh water to lay down such a thickness of gravel 
as that of Sangatte in such a position on the sea-coast. 

THAMES- VALLEY GRAVELS. 

The section from the surface of the Thanet Sands, 86 feet above the 
Ordnance datum-line, to the river Thames, through the celebrated Cy- 
rena-pits (Pl. IV. fig. 6), is drawn to an exaggerated scale of heights, 
in proportion to lengths, through the points A EI, approximately 
laid down on the map, Pl. IX. Pl. VII. is a copy of part of the 
Ordnance Parish Map of Grays reduced to half size. 

An excavation into the chalk between B and € offers an opportu- 
nity of observing the Thanet Sands quite undisturbed at a distance 
from the surface of 27 ft. at C, and of 35 ft. at B; the dip of the 
chalk is there slightly south, the thin covering of gravel e dipping 
south. There is no opportunity of examining the structure of the 
ground between C and D, as it is not excavated; but I expect the 
section resembles that at Crayford, on the opposite side of the river. 

Fig. 16 is a transverse section near the point D, showing about 

Fig. 16.—Section at Grays, Essex. 

= ¢. Covering gravel. 
————————— 

= d. False-bedded muds 18 feet thick. 

d'. 4-feet pebble-bed, with shells, Cyrena 
&e. 

c'. Elephant-bed. 

e. Cyrena-bed 1 foot thick. 

c". Mottled clays, with Cypris living now in 
= the Thames, and impressions of plants, 

10 feet. ; 

(ee! 
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escarpment C. The beds below ¢ are stratified clays, sometimes 
mottled, and are said to repose on the lower gravel. This lower 
gravel is said to be 3 ft. thick; and at 45 ft. from the surface the 
chalk is said to be found near D; but I have not seen this myself. 

Some years since, an excavation was made near M, and chalk 
was found about 48 ft. from the surface. The false-bedded sands 
were 20 ft. thick at that point, and covered the upper-gravel series, 
e, very full of flints and pebbles*. 

The Mammalian remains occurring in the gravel, f, are more 
rolled than those found in the brick-earth above. 

A list of Grays species has been published by Prof. Morris, and 
also in the Geological Society’s Journal, vol. xxi. p. 101, by Mr. Boyd 
Dawkins. 

Returning to Pl. IV. fig. 6, the false-bedded sands are represented 
thinning out towards the river, as well as the Cyrena-beds. The 
depth of the chalk below the surface is ascertained by a well-section 
at F; and the covering gravel, ¢, comes in contact with the lower 
eravel, f, near the railway-cutting, g. Close to this point there was 
a section of coarse gravel, 12 ft. thick, open in a gravel-pit, reposing 
upon chalk without any beds of sand or brick-earth. The chalk is 
said to have been seen in the railway-cutting 9 ft. above the rails 
at the bridge I. In the tramway east of, and close to, Grays 
Station, the chalk is also well exposed 6 feet above the rails, with 
thick beds of gravel lying irregularly upon it, and some brick-earth 
beds and gravel above them containing comminuted shells derived 
from the Woolwich series, which beds have been entirely removed 
by denudation at Grays. In excavating for a cellar near Grays 
church, a very large mass of sandstone was found about 20 ft. above 
the Ordnance datum-line, many tons in weight, in the gravel close 
to the chalk. Such stones are abundant in the upper gravel in the 
Chalk and Thanet Sand west of the Grays Station. 

Great changes have taken place at Grays, by removal of brick-earth, 
since Professor Morris first described the fossils from the Thames- 
valley deposits; and he is almost the only geologist who has watched 
the excavation from year to year. It will be seen from Pl. IV. fig. 6, 
that, like the gravels of the Somme, the fossiliferous brick-earths of 
Grays are deposited in a concavity of the chalk. The chalk is 15 ft. 
lower at D than at G, and 43 ft. lower at D than B. The old Thames 
river seems to have divided into two channels at Grays; and the 
fluviatile deposits between C and G appear to have occupied one 
channel, thus forming the whole series of stratified beds which are 
intercalated between the gravels ¢ and f. 

The last deposit was the covering gravel-bed, e, which is con- 
tinuous from the marsh to the point A, and beyond it. 

The position of the section (Pl. IV. fig. 7, Erith) A BST is laid 
down on the sketch map, Plate IX.; and AB, the part near the 
escarpment of the Chalk and Thanet Sands, is enlarged in fig. 17. 
page 85. Although Erith and Grays are not exactly opposite each 
other on the Thames valley, yet the sections, Plate IV. figs. 6 and 7, 

* T obtained this information from Professor J. Morris, F.G.S. 
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will give an idea of the surface-configuration of the Thames valley 
and of the position of the fossiliferous gravels. The top bed of the 
Chalk and the basement bed of the Thanet Sands are well seen at G, 
Plate VIII. (fig. 18, p. 86), at a height of 46 feet, at Erith; and at 
B, Plate IV. fig. 6, Grays, at a height of about 47 feet above the 
Ordnance datum-line. 

This basement bed is 70 feet at Purfleet, and 66 feet at Crayford 
(fig. 22) above the Ordnance datum-line. 

Fig. 17.—Section of the Oyrena-pit, Erith. 
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The supposition of Mr. Searles Wood, 
jun., that the Thames valley is in a 
line of fault appears to me inadmis- 
sible, as far as Grays, Erith, and Cray- 
ford are concerned. The sections I 
now bring forward will show that the 
Thames valley has been excavated by 
river-action out of a mass of chalk 
and Thanet sands, lying nearly hori- 
zontally in the localities referred to. 
Beyond the districts referred to there 
is a flexure in the chalk which de- 
presses the basement-bed of the Thanet 
sands from 46 feet at G, Plate VIII., 
Erith, to about 10 feet above the Ord- 
nance datum-line at Erith station, 
without any fault. It is seen again 
at Woolwich and Lewisham, at the 
same height as at Erith, before it sinks 
under the London basin. 

Referring to Plate IV. fig.7. The 
chalk has been seen at A, 50 feet 
from the surface and 36 feet above 
the Ordnance datum-line, also in a 
well at S, 13 feet the above datum-line. 
It is said to be very near the surface at 
S, and that it is visible at low water 
for a mile between Erith and Cray- 
ford Ness, T. Although the ground 
along BS has not been excavated, like 
the other side of the Thames at Grays, 
it is known that the brick-earth thins 
out, and that the lower gravel (/), 
separated from the covering gravel (¢) 
by brick-earth (d) and sands (c), to- 
gether 50 feet thick between A and 
B, come together at 8, just ase and f 
touch each other in fig. 6, Plate IV., 
as they approach the centre of the 
valley. 

The escarpment of chalk and Thanet 
sands has not yet been excavated 
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west of A; but I have no doubt that the fossiliferous gravels, 
A B, will be found to lie in a similar concavity to those at Grays and 
Crayford, where the Thanet sands and chalk have been exposed. 

The material for the beds ¢ and d seems to have descended from 
A, and to have been brought by land-floods, and contains bones, but 
no shells except derived ones. On the contrary, 6 is full of shells 
deposited quietly. Many of the species are extremely delicate, and 
are found quite as perfect as recent specimens; the two series of 
deposits are interstratified together at D, the eastern bed (6) being 
of fluviatile origin, and the western (d) being apparently of pluvial 
origin, and more due to land-floods. 

The chalk below A in fig. 19, Erith, along the line A B, Plate VI., 
is 50 feet from the surface. The bottom-bed (6) shown in the sec- 
tion is false-bedded sand with a few veins of gravel. The Cyrena 
is very abundant between D and B in thissand (6). The mammalian 
remains are most abundant in the brick-earth beds (d). 

These beds (d, d) dip near A at 25° H, then fall to 9°, 5°, and even- 
tually dip 5° W. near B, forming a gentle curve. The covering bed 
(e) is 4 feet thick, and full of the Woolwich pebbles between B and 
D. It then changes its character, and contains only a few flints, 
but masses of the Woolwich shell-bed when it reaches A. The 
remains of this shell-bed occur through 6, c, d, and e. The angles 
of deposition were observed both by Mr. 8. Skertchly and myself in 
1868, and the heights were measured by the former. Great removals 
of brick-earth have recently been made near A, so that the original 
section cannot be seen. 

Fig. 18.—Section in Erith Pit. (Natural scale.) 

i | a aoe — 

Between B and C, Plate VIII., a long face of the Oyrena-sand-bed 
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is exposed at 45 feet above the Ordnance datum-line. I have found 
the Cyrena at about the same height at D; and this is the highest 
level at which the Cyrena is found either in the Thames valley or in 
the Humber or Somme. : 

Fig. 18 is a section exhibiting the excavation of the chalk and 
Thanet sands by the old River Thames. The chalk (a) reaches a 
height (fig. 18) of about 45 feet above the Ordnance datum-line; and 
the Thanet sands (6) have been partly denuded, so that only 15 feet, 
out of 60 feet seen in the Station ballast-pit at Erith, remain here. 
The gravel (c) reposes conformably on the top of the Thanet sands at 
G, the upper part of the section; but the gravel follows the denuded 
surface of the chalk, filling up the concavities. It contains much 
rearranged Thanet sand; and a large lump (6) is conspicuous in it. 
The 6-feet step in the chalk is well marked and sharply cut out by 
the action of the river flowing at right angles to the line GK. 

Fig. 19 is a section in the same direction as fig. 18; but steps from 

Fig. 19.—Section in Erith Pit. (Natural scale.) 

1 to 2 feet deep, cut by water in the Thanet sands, are distinctly 
seen. The gravel is then deposited in the concavities formed by 
the water. Brick-earth, with veins of gravel (d), follows on for 
15 feet, and the covering gravel (¢) succeeds, sloping to the river at 
a gradient of 1 in 200 only. The Thanet sand is a somewhat inco- 
herent mass; and the action of the water must have been very gentle 
to have formed such perfect steps. The deposition of gravel and 
brick-earth must have at once followed the denudation. 

Fig. 20 is a section along part of the line GE. The chalk, with 
a basement-bed of Thanet sands and green-coated flints, is seen at d, 
in situ. The Thanet sands, in fig. 20, were excavated by one of the 
side-streams which formerly flowed into the ancient Thames. The 
edges of the sand (6) are so sharply cut in this transverse section 
of a river-bed that it would be difficult to believe it was not an ar- 
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tificial excavation, if other sections, such as fig. 19, did not exist 
close by. The gravel (c) fills up the inequalities in the sand. 

Fig. 20.—Seetion in Erith Pit. 
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Rearranged Thanet sand is frequently met with in these gravels, 
which were formed out of materials derived from this bed during the 
excavation or deepening of the Thames valley and its tributaries at 
this period. The large bull’s-head flints from the basement-bed are 
carried down to lower levels (owing to their weight) and deposited 
on the new surface of the chalk. 

The pebbles from the Woolwich bed are most abundant in the 
middle part of the Thames Quaternary series, and have been carried 
a great distance from and below the escarpment before they were 
redeposited in the gravel. 

Fig. 21 is from a drawing on wood by Mr. 8S. Skertchly of a mass 

Fig. 21.—Erith Pit. 
M 
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6. Thanet Sands. ce. Woolwich shell-bed. d. Purple clay. 

of Thanet sands (6) 38 feet in length by 7 feet 10 inches in width, 
with a portion of the Woolwich pebble-bed attached to it, lying upon 
and against one piece of the Woolwich shell-bed 12 feet by 6 feet 

Ee 
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5 inches (¢), and near another fallen piece,—the whole enveloped in 
a mass of purple clay (d), which may be either Plastic or London clay 
rearranged, and which often contains pieces of rolled chalk, hke what 
is called Till or Boulder-clay. The situation is near M, Plate VIII., 
Erith; and the height of 4, fig. 21, is about 65 feet above the Ord- 
nance datum-line. Large pieces of the Woolwich shell-bed, with 
masses of purple clay, occur in the ordinary covering bed (¢) near 
I, at a height of 55 feet. This covering-bed loses its pebbles at J, 
and at L MN assumes the character of a purple clay enclosing large 
unrolled fragments of the Hocene beds and small pieces of chalk. 
The Woolwich shell-bed, with the pebble-bed, is visible in situ 
at the south-west corner of the ballast-pit at Erith Station, at a 
height of 60 feet above the chalk, the whole series of Thanet sands 
being exposed there below it. It is probable that the escarpment of 
Thanet sands and chalk is only a little to the west of M. It is evi- 
dent that this particular mass (0, fig. 21), must have been, when in 
situ, at least 110 feet above the Ordnance datum-line; for part of the 
pebble-bed is still attached to it, and that pebble-bed is 60 feet above 
the basement-bed of the Thanet sands, which sands would be, if in 
situ, 50 feet above the datum-line at the point M, according to my cal- 
culation. The positions of the top and bottom of the Thanet sands 
can be determined, as they are visible in situ between J and I, and 
also along the face of the chalk-pit between G and E. 

The difficulty is, to understand what kind of wash of water re- 
moved this incoherent mass of Thanet sands and deposited it 
again (without breaking it up into sand) 35 feet lower down, upon 
a mass of the Woolwich shell-bed (¢), which must have descended 
45 feet and changed places with b. 

As the Thanet sand has been removed from the large area of chalk 
to the west, the mass of sand (fig. 21) may have been derived from 
a distance. 

The Thanet sands before their denudation dipped towards the 
north, from the Kentish hills to Erith, at a slope of 1 in 100 on 
an average of ten miles. It may have been owing to the exist- 
ence of a rainy period, and to high land to the west, that water could 
have moved the Thanet sands. Eastward, towards the low ground near 
the Thames, on the opposite side of the river, at Grays, I have only seen 
one small mass of Thanet sand imbedded in the covering gravel (¢)near 
F, Plate VII.; but to the east of Grays the chalk soon dips eastward *, 
and therefore falls below the level of the river; so that there was no 
high land to give transporting-power and velocity to the water that 
fell upon it. The nearest English deposit in physical character, and 
perhaps in age, to that represented in fig. 21, is at Cromer. It is 
also probable that without the high background near Cromer such a 
deposit as that in the Cromer cliffs could not have been formed. 
The great mass of chalk at Trimmingham is an instance of an un- 
broken rock having been detached and moved down to a lower level 
in the Quaternary period, and enveloped in clay of a different forma- 
tion. The stratified fossiliferous gravel on the Norfolk coast has 
been tranquilly deposited in front of, or near, the great slipped masses 

* And northward. 
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of what is there called boulder-clay, just as the stratified fossiliferous 
gravels at Erith are close to and interstratified with the non-remanié 
but moved Tertiaries at Erith. 

Fig. 22.—Section im Crayford Pit. 

This section is to natural scale, but is reversed. 
The basement-bed of the Thanet sands and a few feet of the sands 

are exposed along the face of the cutting, AC, Plate VI. The surface of 
the chalk is seen to be eroded by chemical action into pipes and basin- 
shaped cavities. The Thanet sands are broken through and moved 
into the pipes in the usual manner, and are covered by a top bed of 
sand and gravel, which fills up all the hollows of the underlying 
sands and chalk, and smooths over all previous inequalities. 

The beak of chalk under a has protected small masses of Thanet 
sands (B and B’) below and behind it from being remanié and 
mixed up with the gravel. The covering bed of sand and gravel 
is smooth and nearly horizontal. ¢ dips at 10° towards the Thames, 
and in one point at 12°. The chalk near A is 70 feet above the 
Ordnance datum-line, although only 50 feet is shown here. At P, 
Plate VI., 400 feet to the south-east, the chalk is seen in a pond only 
10 feet above the Ordnance datum-line. 

The inclination of the escarpment between C and P is 1 in 6, or 
15° on the average ; and this is entirely due to the excavation of the 
channel by the ancient River Thames. The lowest bed exposed in 
fig. 22 consists of from 3 to 4 feet of coarse gravel lying on the eroded 
chalk. 

Fig. 23 represents rather higher ground; and 15 feet of Thanet 
sands are seen im situ (b). The gravel and brick-earth are well seen, 
dipping as much as 22° east at the steepest point. 

The covering bed of sand and gravel, 5 feet thick (a), lies on the 
edges of the gravel (c) and brick-earths, and slopes to the river at a 
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gradient of 1 in 25 in that part. Only 48 feet in height is shown in 
fig. 23. The sketch is to natural scale; so that the angles of the 
escarpment of chalk are not exaggerated. 

Fig. 23.—Section in Crayford Pit. 

Fig. 24 is a view near the curved line EF, of the eroded surface 
of the chalk (A), with rearranged Thanet sands (B) 4 or 5 feet thick, 

Fig. 24.—Section in Crayford Pit. 
E (West.) (North-east.) F 
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enclosing large flints from the basement-bed. The deposition of 
6 feet of coarse flint-gravel (C), on the bed B, in a hollow of the chalk 
excavated prior to the gravel-period, is well exposed just where the 
tramway cuts through it. 

The brick-earths above the gravel have been excavated. The 
brick-earth generally is more valuable than the sand and gravel, and 
the workmen often leave the lower beds in the state shown in fig, 24 
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for a long time. The chalk is excavated at the tramway to 20 feet 
above the Ordnance datum-line, and is 55 feet high at E, where the 
Thanet sands (B) are nearly zn situ. 

The curve in the line of section gives an appearance of flexure to 
the veins of flints in figs. 24 and 25 which does not really exist. 
These bands are not far from horizontal. 

Fig. 25.—Section in Crayford Pit. 
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Fig. 25 is along the line T U, Plate VI., and shows the eroded sur- 
face of the chalk in an oblique direction to the old river-channel. 
The gravel (B) is very conspicuous, and the brick-earth series (D) is 
thinner than usual; but this is due to the distance of U from the 
escarpment. To the east of U the brick-earths gradually thin out, 
and the upper and lower gravels unite, forming a bed of coarse gravel 
8 or 10 feet thick lying on the chalk. The height of the point T is 
about 40 feet, and the chalk under U about 20 feet, above the Ord- 
nance datum-line. 

Fig. 26, a section along the line I J, offered good opportunities 

Fig. 26.—Section in Crayford Pit. 
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for examining the dip of the gravel, and showing the relation of the 
thick brick-earth beds deposited at angles as high as 19°, 17°, 14°, 
11°, and 9°, in curves falling to the river. The beak of chalk is 
shown at about 18 feet above the Ordnance datum-line. It is 
about 10 feet long ; and the junction with the escarpment of chalk is 
not seen. 

This drawing is by Mr. 8S. Skertchly, to natural scale. 
Fig. 27 is from a drawing I made in 1866, near the line IJ. 

Fig. 27.—Section in Crayford Pit. 

I 70. J 60. . 

The mass of Thanet sand B, below the beak of chalk near A, was 
then well seen; patches of these sands also occur in the brick-earths 
and gravelsC. The dip was 15° where marked, and that of the cover- 
ing bed only 2°. Fig. 271s to natural scale, and represents a greater 
length of section than fig. 26. This part of the pit has recently 

Fig. 28.—Section of part of the Cyrena-bed, Crayford. 
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been excavated; so I give both sections for reference. The coarse 
gravel in front of the beak is pushed out horizontally into the finer 
beds of sand, and divides into fine points. There were other beaks 
of chalk visible at G and H. 
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Fig. 28 is a careful sketch of part of the Cyrena-bed, by Mr. 8. 
Skertchly. The section is as follows, in ascending order:—sands 4 feet, 
wavy laminated brick-earth beds 6 feet, brick-earth 5 feet, a bed of 
pebbles from the Woolwich series, brick-earth, and clay 6 feet ; 
the Cyrena sand-bed, C, passing upwards into laminated brick- 
earth, gravel, and loam, 25 feet thick. 

Fig. 29 is a section of the most fossiliferous part of the Crayford pit, 

Fig. 29.—Section in Crayford Pit. 
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along the line K L (see Pl. VI.). It represents about 30 
by 150 in length ; so that the horizontal scale is about five times the 
vertical. It is intended to show the variation in the pebble-bedg, C, 
and the thickening of the whole series in the direction of the escarp- 
ment. The pebble-beds, C, are in three divisions, and the great Cy- 
rena-bed, D, rests on one of them ; but shells are found in B, C, D, and 
E, though not in the covering bed F, which contains flint-pebbles 
distributed through it in the usual manner. The lowest beds are 
not seen in fig. 29; but at X, near MN, there are several openings 
at a depth of 35 feet from the surface, where a bed of coarse gravel 
is visible, which is near the eroded surface of the chalk. The 
chalk itself, with a covering of gravel or sand, is seen in the ponds 
marked P in the Crayford pit, where the water stands a little below 
the level of high water. 

Nab: 
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The Cyrena-bed varies from 4 feet to 6 feet (D, fig. 29) in thick- 
ness, and consists of false-bedded sand containing a great number of 
small and delicate shells in a perfect state of preservation. 

Fig. 30 exhibits the series of gravels in the Stoke-Newington pit, 
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clays with veins of gravel. The covering bed, k, is indented into 
the brick-earth, 7; it is from 6 to 8 feet thick, composed of large flints in 
stiff brown clay, and forms a marked contrast to the finely laminated 
loams and clays forming the 30 feet below it, c-k. The bed fis a 
black peaty clay; and the shells in the list from Stoke Newington are 
found in brick-earth and clay above this black bed in the adjoining pit. 
The covering bed reaches a height of 125 feet above the Ordnance 
datum-line, and is within 300 yards of the escarpment of the London 
Clay to the north. Where the London Clay is visible to the north, 
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TU Gn = ia er ata height of 140 feet, it is 
NH PHT 5 only covered by 6 feet of 

Pur eel gravel, while in fig. 30 it is 
covered by about 50 feet of 
the Quaternary series. 

Fig. 31 is a drawing to 
natural scale, showing the 
relations of the Thanet 
sands to the covering bed of 
gravel, where these sands 
have fallen into pipes in 
the chalk. The Thanet 
sands have not been faulted 
by any general movement, 
but have dropped down 
where they have been un- 
dermined by the removal 
of chalk by chemical action. 

It would appear as if this 
chemical action had been 
contemporaneous with the 
denudation of the Thames- 

\.| valley district by pluvial 
: | and fluvial agency, and had 

= preceded the deposition of 
=| the covering bed of sand 

and gravel. The proof of 
this is that the fissures in 
the sand are filled by veins 
of gravel from 4 inch to 13 
inch wide to a great depth. 

When the sands fell by 
gravitation into the great 
pipe (A), (which penetrates 

vel the chalk 25 feet, and the 
Thanet sands an equal 
amount), they filled it up to 
a height of 20 feet. This 
must have left a large 
funnel-shaped hole on the 
surface of the sands. It 
will be seen that, although 
the gravel is only 5 or 6 
feet thick over the undis- 
turbed sands at B, it has 
been able to fill a cavity 
30 feet deep in the Thanet 
sands and chalk; and yet 
the top of the gravel is so 
smooth that no one could 
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Fig. 31.—Section at Grays, illustrating the rearrangement of the Thanet Sands in Pipes in the Chalk near L, Plate TX. 
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tell from the appearance of the surface that such a cavity had existed. 
There must have been a wash of gravel all over the sand to have 
furnished the material to fill up such cavities as that shown in 
fig. 31; and since that wash of gravel there is no indication of any 
subsequent deepening of the pipes in the chalk. 

The Thanet sands (6), 25 feet thick at B, at the north of fig. 31, 
are seen lying in situ on the chalk. 

Where the formation of the great pipe A has undermined the 
Thanet sands, 6, the latter have fallen down to the bottom of the 
pipe A, which is funnel-shaped, and filled up 20 feet without any 
mixture of gravel whatever. The sands moved from their proper 
position are indicated by the letters 6’ 6’; the bottom part of the 
pipe A is not shown in this drawing. Under C, masses of sand, 6 6, 
are shown falling into the pit by gravitation, from the removal of the 
chalk by chemical action. The gravel series cc is 30 feet thick 
above A, and is similar in mineral character to the covering bed e. 

Mr. Prestwich has explained the formation of pipes by chemical 
agency in the chalk. 

Fig. 32 is a drawing of other beak-like projections in the chalk 

Fig. 382.—Section near Knighton Mull, Isle of Wight. 

where it has been acted upon by denudation previously to the depo- 
sition of the gravel near Knighton Mill, Isle of Wight. 

Fig. 33 (p. 98) is a section of a fissure or pipe in the highly in- 
clined chalk on Brading Down, Isle of Wight, which is a remarkable 
contrast to the ordinary pipes which are filled with sand or gravel. 

The general conclusions to be drawn from the sections of the 
Thames-valley fossiliferous deposits appears to be that they are a 
series of variable sands, loams, and clays intercalated between the 
upper and lower gravels. 

The false-bedded sands are below the loams and clays at Erith, 
and above them at Grays, while at Crayford they are in the middle 
of the series. This may simply arise from the principal current 
changing from one side of the old river to the other during the. de- 
position of the Thames Quaternary series. By this means, where the 
eurrent became more rapid, sands would be deposited, and where 

VOL. XXV.—PART I. H 
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the current was reduced, the finer materials might be deposited. 
There is no evidence of any change of level during these deposits ; 
and the river must have risen 50 feet at least in times of flood. 

Fig. 33.—Seci on on Brading Down, Isle of Wight, showing blocks of 
Chalk in Gravel. 

In conclusion I may mention that the beds described above as 
pluvial have been referred to by Mr. Godwin-Austen under the 
name of Head, or Subaerial beds; and I quite admit the propriety 
and importance of his terms In many respects; but I was obliged to 
use the term “ pluyial,” in order specially to introduce the notion of 
rain-water action, as I was treating of deposits made on slopes by 
the action of water (probably by a non-continuous action) and thus 
necessarily to be separated from the ordinary aqueous action, such as is 
performed by rivers, lakes, and seas; as well as from ordinary sub- 
aerial action. While the pluvial beds, as I have shown in my sections, 
pass down into the aqueous beds, they pass upward into Mr. Godwin- — 
Austen’s subaerial beds, and the stones which have been head at one 
time, and weathered by subaerial action, pass down into what may 
be termed pluvial beds, which in their turn are being constantly 
despoiled, and carried into the purely aqueous beds at lower levels. 
Although Mr. Godwin-Austen’s term subaerial is an excellent one, 
I submit that it does not sufficiently define the kind of action for 
the purpose I have in view, and still less so for the paper I have 
prepared on the formation of valleys, and the denudation of the 
surface. 

When the Crayford and Erith beds have been as fully examined as 
those at Grays, the numerical superiority of the Mollusca in the latter 
deposit (as shown in the following Table) will probably disappear. 

The list of shells from Salisbury is principally on Dr. Blackmore’s 
authority. The Grays list is compiled from Mr. Pickering’s table, 
the Ilford one partly from Mr. Morris’s; the remainder by Mr. A. 
Bell, who has revised the list, and omitted the doubtful species. 
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The list from the Stoke-Newington fossiliferous pit, discovered by 
me in 1868, has been prepared by Mr. J. Wood Mason, F.G.S., 
who has added several species to the list first published. 

The Land and Freshwater Mollusca of the Fossiliferous Gravels at 
localities referred to in this Memoir. 

: 5 

Biladg| § 
Species. Be = ee 2 2 2 “2 

ae a 2 & | 2-5 | ‘a o i oa S) RM M 

Achatina acicula, Mill. ......... *? 
Ancylus fluviatilis, Miill.......... * * x x * * 
Anodonta cygnea, Linn. ......... * * * * 
Balea fragilis, Drap. .........00. *? 
Bithynia tentaculata, Linn....... * x x x x * 
Carychium minimum, Mill. ...| x * * x % 
Clausilia biplicata, Monz.......... x ; : ae * 
Cyclas cornea, Linm.......0.0....+ * x * * % 
Cyrena fluminalis, Mill. ......... % x * * 
Helix arbustorum, J777.......... * Ms 4, oe * * 

concinna, Jeff. .........0006.- * ae srs pe oe * 
—— fulva, Mill. ......ccccecceseee ee: * 

hispida, Tan7...2...:.20.-s.: * * * x x 
nemoralis, Linn. ........ «.: * * x * * * 

—— pulchella, Miill. ............ * ae Be % % * 
—— pygmea, Drap............0+0- * - * 
— rotundata, Mill. ............ x 
—— ruderata, Stud SRR See Seren * 
—— rufescens, Pen. (Morris)...| * we es nae * * 
— (Zonites) crystallina, Mill, ... AAP ae *? 
— ) nitidula, Drap....... * ae ne * 

( ) radiatula, Ald....... * aa sia * 
Hydrobia marginata, Mich....... * sen * % 
Limax agrestis, Linn. ............ * ine ae BAe ae * 

marginatus, Mill. ......... * 
Lymneus auricularius, Zinn. ...|  * * * 

palustris, Miill................ x * * * * 
POV eMOE MG. Jak cwosiew nes 22% * * % * * 

—— stagnalis, [inn............0+5. % ue * 
truncatulus, Mill. ......... * * * * * 

EG ee roaaee * 
Pisidium obtusale ...............06. a ae * 

ammount, AGH. —..cdssscss * * * * x 
fontinale, Drap.. «..........+ % * * % 
pusillom, G72! . 02-2. .00. * fa oa oe ae * 

Planorbis albus, Miill. ............ x 
—— earinatus, Miill. ............ * sss * ses * * 

complanatus, Wlem. ......... * ae, 3h * x 
contortus, Alu): c2c.cc.: * ee sie ee * 
COIMCUS, LANs ccc cscaanionacadl > % * * 

—— glaber, Jeff. ..........0200208. * Be <3 oe. * 
ape nautileus, lem. ............ * 
| nitidus, Mate 8S a a Be me x | 
| spirorbis, DOU se Od, ear * ae See Sipe ae * | * 

vortex, Mill. (Morris)...... ay ne * 
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Table (continued). 

5 D ro : 
Species. e 8 = 

eo) = 

Pupa marginata, Drap.......... oe a * * 
umbilicata, Drap............. , Son 

——— (Vertigo)antivertigo, Drap.| x % 
—— ( ) pusilla, Mill. ...... x 

( ) substriata, Jeff...) ¥ 
Succinia putris, Linn. ............ * * 
Unio litoralis, Lam. ........000000- * * 

pictorum, Linn. 2.0.02. 6.26. * * 
Gumus) PRI bt cect cases * * 

Valvata cristata, Mid. ............ * ae wes 
piscinalis, Mill. ............ * * x 

Fua-\ulorica, Millie Wisc cons cos ss * * 
Velletia lacustris, Mill. ......... * 

Stoke New- 
ington. 

*K OK OK XK 

Salisbury. 
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DONATIONS 

TO THE 

LIBRARY OF THE GEOLOGICAL SOCIETY, 

From July 1st to September 30th, 1868. 

I. TRANSACTIONS AND JOURNALS. 

Presented by the respective Societies and Editors. 

American Journal of Science and Art. Second Series. Vol. xlv. 
No. 186. July 1868. 

F. B. Meek and A. H. Worthen.—Preliminary notice of a Scorpion, 
a Eurypterus (?), and other fossils from the Coal-measures of [lli- 
nois, 19. 

L. Lesquereux.—Cretaceous fossil plants from Nebraska, 91. 
Recent Eruption of Mauna Loa and Kilauea, Hawaii, 105. 

American Naturalist. Vol.1i. Nos. 1-7. July to September 1868. 

Glacial marks in the White Mountains, 330. 

Anthropological Review, and Journal of the Anthropological Society 
of London. No. 22. July 1868. 

Atheneum Journal, Nos. 2123-2135. July to September 1868. 

G. Greenwood.—Rain and Rivers in Abyssinia, 25, 
Palzontologia Indica, 88. 
British Association.—Section C. Geology, 276, 507, 338, 372. 
G. B. Airy.—Inundation at Visp, 367, 
Goaf, 380. 
F, W. Holland.—Exploration of Sinai, 401. 

Berlin. Monatsbericht der konigl.-preussischon Akademie der Wis- 
senschaften zu Berlin. April to June 1868. 

Zeitschrift der deutschen geologischen Gesellschaft. Vol. xx. 
Heft 2. February to April 1868. 

Websky.—Ueber Sarkopsid und Kochelit zwei neue Minerale aus 
Schlesien, 245. 

Rammelsbere.— Ueber den Phonolith yorn Mont Dore, 258. 
Rath.—Geognostisch-mineralogische I'ragmente aus Italien, 265 (2 

plates). 
VOL, XXV.—PART J, - 
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Berlin. Zeitschrift der deutschen geologischen Gesellschaft. Vol. xx. 
Heft 2 (continued). 
Koenig.—Ueber einige Diorite, Ein Beitrag zur Kenntniss der tri- 

klinischen Feldspathe, 365. 
Pfaft.—Beitrige zur mechanischen Geologie aus dem frankischen 

Jura, 389 (plate). 
Pfliicker y Rico.—Das Rhat in der Umgegend von Gottingen, 397. 
Mahr.—Ueber Sphenophyllum Thonit, eine neue Art aus dem Stein- 

kohlengebirge von Ilmenau, 433 (plate). 
Berendt.—Nachtrag zur marinen Diluyial-Fauna in West-Preussen, 

435 (plate). 
Rammelsherg.— Ueber die Constitution des Apophyllits und Okenits, 

44], 

Breslau. Fiinfundvierzigster Jahres-Bericht der schlesischen Gesell- 
schaft fur vaterlandische Cultur 1867. 1868. 

Romer.—Ueber vier neuerschienene paliontologisch-geognostische 
Schriften, 27. 

Ein Relief-Modell des Aetna von T. Dickert, 29. 
Ueber vier Sectionen der geognostischen Karte von Ober- 

schlesien, 31. 
Ueber Knochen von diluvialen Saugethieren, 32. 

Runge.—Vorkommen und Gewinnung des Bernsteins im Samland, 
sowie dessen Verwerthung, 32. 

Goppert.—Die Abstammung des Bernsteins, 35. 
Atlas von die Steinkohle bildenden Pfianzen, 41. 

British Association for the Advancement of Science. Report of the 
3/th Meeting; held at Dundee, 1867. 1868. 

H. Woodward.—Structure and Classification of the Fossil Crustacea, 
44 

A. Newton.— Extinct Didine Birds of the Mascarene Islands, 287. 
A. Geikie.—Address to the Geological Section, 49. 
D. T. Ansted.—Passage of Schists into Granite in the Island of Cor- 

sica, 54. 
Lagoons of Corsica, 54. 

Duke of Argyll—Granites and other Rocks of Ben More, 55. 
F. Brome.—Explorations in the Gibraltar Caves, 56. 
W. Carruthers.— Enumeration of British Graptolites, 57. 
——. Calamitee and Fossil Equisetacee, 58, - 
C. Collingwood.—Geology of North Formosa, 58. 

Geology of the Islands round the North of Formosa, 58. 
F. G. Davis.—Calamine Deposits of Sardinia, 58. 
Hi. 8. Ellis—Mammalian Remains from the Submerged Forest in 

Barnstaple Bay, 59. 
C. Le Neve Foster.—Perseberg Iron-Mines, Sweden, 60. 
J. Gunn.—Tertiary and Quaternary Deposits in the Eastern Counties 

with reference to Periodic Oscillations of Level and Climate, 60. 
Harkness and Nicholson.—Coniston Group of the Lake District, 61. 
D. Milne-Home.—Old Sea-cliffs and Submarine Banks of the Frith 

of Forth, 61. 
E. Hull.—Structure of the Pendle Range of Hills, as illustrating the 

South-easterly Attenuation of the Carboniferous Sedimentary Rocks 
of the North of England, 62. 

Relative Geological Ages of the principal Physical Features 
of the Carboniferous District of Lancashire, 63. 
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British Association for the Advancement of Science. Report of the 
37th Meeting (continued). 

EK. Ray Lankester—New Cephalaspidian Fishes, 63. 
W. Lauder Lindsay.—Goldfields of Scotland, 64. 
C. Martins et E. Collomb.—L’Ancien Glacier dans la Vallée d’Argelés 

dans les Pyrénées, 66. 
G. Maw.—Cambrian Rocks of Llanberis, with reference to a Break 

in the Conformable Succession of the Lower Beds, 70. 
H. A. Nicholson.—Nature and Systematic Position of the Graptoli- 

tidee, 71, 96. 
—. Graptolites of the Skiddaw Slates, 71. 
C. W. Peach.—Fossil Fishes of the Old Red Sandstone of Caithness 

and Sutherland, 72. 
J. Schvarcz.—Internal Heat of the Karth, 73, 158. 
J. E. Taylor.—Relation of the Upper and Lower Crags in Norfolk, 73, 

157. 
J. EF. Walker.—New Phosphatic Deposit near Upware, 73. 

Calcutta. Asiatic Society of Bengal. Journal. Nos. 143-146. 
1867-68. 

ee index and Contents of Volk xxxy: .1866. 

—. -——. Proceedings. Nos. 1-5. January to May 1868. 

Chemical News. Nos. 448-460. July to September 1868. 
A. H. Church.—Mineralogical Notices, 5. 
Cornish Minerals, 34. 
Woodwardite, 54. 
Vesuvius, G7. 
Analysis of Spathie fron, 72. 
Steatite, 152. 

Chemical Society. Journal. Second Series. Vol. vi. July to Sep- 
tember 1868. 

Colliery Guardian. Vol. xvi. Nos. 392-404. July to September 
1868. 7 

Geological Society, 13. 
Rocks of the Coal-measures, 21. 
Manufacture of Diamonds, 51. 
Natal Coal, 171. 
British Association, 152, 174. 
J. Gunn.—Oscillations of the Land, &c., in N orfolk, 197, 
Jecks.—Ferruginous Sandstone of Northampton, 197. 
Hitchcock.—Petroleum, 217. 
M. Nobel,—Dynamite, 242. 
S. F. Peckham.—Petroleum, 245. 

Dresden. fitzungsberichte der naturwissenschaftlichen Gesellschaft 
Isis in Dresden. Jahrgang 1868. Nos.1-3. January to March. 
Blandowsky.—Das Vorkommen yon Kupfer in Australien, 25. 
Geinitz.i—Die Sammiungen palaozoischer Versteinerungen ven Ilii- 

nois im k. min. Museum, 32. 

Freiburg. Berichte tiber die Verhandlungen der naturforschenden 
Gesellschaft zu Freiburg. Band iv. Heft 4. 1867. 

I 2 
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Geological Magazine. Vol.v. Nos. 7-9. July to September 1868. 

H. Woodward.—Influence of the Gulf-Stream, 298. 
T. Davidson.—Earliest forms of British Brachiopoda, 303 (2 plates). 
W. B. Dawkins.—Value of the Evidence of the Existence of the 
Mammoth in Pre-glacial Times, 316. 

J. B. Jukes.—Chalk of Antrim, 845. 
H. Seeley.—Strata near Hly, 847. 
Miss Eyton.—Drift-beds of Llandrillo Bay, 349. 
H. Woodward.—British Fossil Crustacea (continued), 353 (plate). 
J. Morris. —Organic Remains from the Coal of Somersetshire, 356. 
J. Geikie.—Discovery of Bos primigenius in the Lower Boulder Clay 

of Norfolk, 393. 
B. H. Woodward.—Modern Chemistry and Physics, 395. 
J. F. Walker.—Brachiopoda of the Lower Greensand at Upware, 399 

2 plates). . 
O. Then. Boswell Mill Clay-pit, Ely, 407. 
J. Morris.—Gravel-beds of Finchley, 411. 
R. Tate.—Awxinopsis, 412. — 
J. L. Lobley.—Lecture on Vesuvius, 321. 
Lesley’s ‘Man’s Origin and Destiny, sketched from the Platform of 

the Sciences,’ reviewed, 325. 
Dawson’s ‘ Acadian Geology,’ reviewed, 329 (4 plates). 
Huxley’s Lecture on Lost Forms intermediate between Birds and 

Reptiles, 357, 
D. Forbes.—Study of Chemical Geology, 366. 
A, Laganne.—Erosion of the Valley of the Vézére, and its Tributa- 

ries, 371. 
A. Gaudry.—Light thrown by Geology on Ancient Greek History, 

372. ; 
W.S. Symonds.—Fossil Mammals of Great Britain, 413. 
Schvarez’s ‘Geological Attempts made by the Harly Greeks,’ re- 

viewed, 373. 
Kner’s ‘Investigation of Xenacanthus Dechenit,’ reviewed, 376. 
Leonhard and Geinitz’s ‘Neues Jahrbuch,’ reviewed, 380. 
Falconer’s ‘ Geological Memoirs,’ reviewed, 423. 
Palzeontographical Society’s Memoirs, reviewed, 425. 
Kner’s ‘ Classification of the Ganoids,’ reviewed, 429. 
Leidy’s ‘ Cretaceous Reptiles of the United States,’ reviewed, 432. 
Proceedings of Societies, 331, 882, 435, 
Correspondence, 339, 391, 438. 
Miscellaneous, 439, 

Glasgow Geological Society. ‘Transactions. Vol. ii. Part 3. 1868. 

J. Croll—Change in the Obliquity of the Ecliptic, its Influence on 
the Climate of the Polar Regions, and Level of the Sea, 177. 

J. W.-Young.—Chemistry of some Carboniferous and Old Red 
Sandstones, 198. 

. .Ballagan Series of. Rocks, 209, 
Analysis of a green fibrous mineral from Cathkin, 212. 

T. It. Jones and J. W. Kirkby.—HEntomostraca of the Carboniferous 
Rocks of Scotland, 213, 

H. W oodward.—Fossil Crustacea and a Chilognathous Myriapod from 
the Coal-measures of the West of Scotland, 234. 

Bio Skipsey.—Igneous Rock Sections at Rye Water, Ayrshire, 

D. Page.—Scottish Geology, its Proofs and Problems, 252. 
* 

poke 



DONATIONS. 105 

Glasgow Geclogical Society. Transactions. Vol.1i. Part3 eee 

J. Dougall.—Silurian Scenery of the Enterkin, 255. 
J. Young.—Fault in the Old Red Sandstone and Ballagan Series in 
Dumbuck Glen, Dumbarton, 257. 

J. Bennie.—Surface Geology of Glasgow, 260. 
J. Young.—Surface Geology of the Southern Highlands, 266. 
H. W. Crosskey and D. Robertson.—Post-Tertiary Fcssiliferous a 

of Scotland, 267. 
J. Young and J. Young. He tiaeal Unconformity, as illustrated in Sec- 

tions near Bishopbriges, 283 (plate). 
Geological Notes and Queries, 2U1. 

Institute of Actuaries. Journal. Vol. xiv. Part 4. July 1868. 

Journal of Travel and Natural History. Vol.i. Nos. 3-5. 1868. 
Falconer’s ‘ Paleeontolosical Memoirs,’ reviewed, 226. to) >) ? 

Lausanne. Bulletin de la Société Vaudoise des Sciences Naturelles. 
VolLix ~ Nos.58 & 59% 1868: 

E. Renevier.—Rapport pour 1867 sur les collections géologiques et 
minéralogiques du Musée cantonal Vaudois, 652. 

Leeds. Philosophical and Literary Society. Annual Report, 1867-68. 
1868. 

Liége. Mémoires de la Société pie des Sciences. 2° Série. 
Wolus 1367. 

Linnean Society. Journal. Vol. x. Nos. 42 & 43. Zoology. 1868. 

. Transactions. Vol. xxvi. Part 1. 1868. 

London, Edinburgh, and Dublin Philosophical Magazine. Fourth 
Series. Nos. 240-242. July to September 1868. rom Dr. W. 
Francis, F.G.S. &¢. 

H. Woodward.—Paleozoic Crustacea from the Upper Silurian rocks 
of Lanarkshire, 71. 

R. Harkness and H. A. Nicholson.—Coniston Group, 72. 
Leith Adams.—Death of Fishes on the Coast of the Bay of Fundy, 72. 
R. Atkins.—Volcanoes in the New Hebrides and Banks’ Islands, 72. 
W. H. Flower.—Thylacoleo carnijfex, 78. 
E. Hull.—Carboniferous District of Lancashire and Yorkshire, 73. 
J. Croll— Geological Time, and the probable Date of the Glacial and 

the Upper Miocene Period, 14]. 
G. Maw.—Disposition of Tron in V ariegated Strata, 157. 
H. B. Holl.—Older Rocks of South Devon and East Cornwall, 158. 
A. Tylor.—Quaternary Gravels, 252. 

London Review. Vol. xvii. Nos. 418-427. July to September 1868, 

Manchester Geological Society. Transactions. Vol.vil. Parts8 & 9. 
1868. 

H. Johnson.—Green Rock and Basalt of the South Staffordshire 
Coal-field, 83. 

Plant.—Alluvial Gravels at Orsall Lane, Salford, 91. 
P. 8. Reid.—Copper, Iron, and other Mineral Deposits of the — 

_ time Alps, 96. 
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Medical Press and Circular. Vol.vi. Nos.1-14. July to September 
1868. 

Melbourne. Mineral Statistics of Victoria for the year 1867. 1868. 

——. Reports of the Mining Surveyors and Registrars, for the 
Quarter ending 31st March, 1868. 

. Royal Society of Victoria. Transactions and Price 
Vols ix, Part 1s) 18038. 

J. C. Newbery.—The Introduction of Gold to, and the Formation of 
Nuggets in, the Auriferous Drifts, 52. 

Bleasdale, J. J.—On Colonial Gems, 72. 

—. Victoria Mineral Statistics. 1867. rom Prof. Tennant, 

Milan. Reale Istituto Lombardo di Scienze e Lettere. Temi sui 
quali é aperto Concorso, proclamati o ricordati nell’ Adunanza 
generale 7 Agosto 1868. 

Moscow. Bulletin dela Societé Impériale des Naturalistes de Moscou. 
No. 8s. L867: 
Trautschold.—Hinige Crinoideen und andere Thierreste des jiingeren 
Bergkalk im Gouvernement Moskau, 1 (5 plates). 

Brandt.—Kurze Bemerkungen uber aufrechtstehende Mammuth- 
leichen, 241. 

Munich. Sitzungsberichte der kénigl.-bayer. Akademie der Wissen- 
schaften. 1868. Abth. 1. Hefte 1-4. 

Beitrage zur Kenntniss der Procan- oder Kreideformation 
im N.W. Bohmen, 108. 

Naturalist’s Note-Book. Vol.u. Nos. 17-21. May to September 
1868. 
Volcanoes, 175, 202. 
‘Siluria,’ reviewed, 225. 
Early Harthquakes, 267. 

Neweastle-upon-Tyne. Natural-History Transactions of North- 
umberland and Durham. Vol. 1. 1868. 

G. Tate.—Geology of Northumberland and Durham, 1. 

Paris. Annales des Mines. Tome xii. Livr.1 & 2. 1868. 

Daubrée.—Expériences synthétiques relatives aux Météorites, 1. 

Bulletin de la Société Géologique de France. Deuxiéme Série. 
Tome xxv. Feuilles 1-8. 1868. 

Dieulafait.—L’age des calicaires blancs des environs de Toulon, 16. 
H.. Coquand. —Deseripti tion géologique des gisements bituminiferes et 

pétroliféres de Selenitza dans l’Albanie, “et de Chieri dans Tile de 
Zante, 20. 

Tabariés.—Ktude oéologique sur la Corse, 74. 
De Vignet.—Sur une simple question de statique, 95. 
FF, Garrig ou.—Sur le terrain dit Laurentien ou Antésilurien dans 

V Ariége et dans les autres parties des Pyrénées, 97. 
J. Marcou.—La grande carte géologique des Hes Britanniques, 123. 

= 
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Paris. Comptes Rendus hebdomadaires des Séances de l’Académie 
des Sciences. Premier Semestre 1868. Tome Ixvi.. Nos. 
24-26. 

————= =. Deuxieme Semestre 1868). Tome! lxyn.. Nos. 1—6. 

= 6 —.. -Table des Matiéres du-tome bev. 1867. 

Marieny.—Sur Vorigine et le mode de formation des gites métal- 
liféres, 107. 

Triger.—La géolcegie de louest de la France, 170. 
Blake.—L’action des anciens glaciers dans la Sierra Nevada de la 

Californie, et sur V’origine de la Vallée de Yo-Semite, 179. 
Husson.—Examen comparatif des alluvions anciennes de Toul et de 

quelques-unes de celles du bassin de la Seine par rapport 4 l’an- 
cienneté de ’homme, 811. 

E. de Beaumont.—Note sur la note précédente, 814. 
Laroque.—Liste d’échantillons géologiques recueillis au Chili, 948. 
E. de Beaumont.—Note accompagnant la présentation d’un exem- 

plaire de la 4° édition de l’ouvrage de Sir R. Murchison intitulé: 
Stluria, 981. 

D’Archiac.—Note accompagnant la présentation d’un ouvrage de 
M. A. Fayre intitulé: ‘‘ Recherches géologiques dans les parties 
de la Savoie, du Piémont et de la Suisse voisines du Mont Blanc,” 
1006. 

Guérin.—La découverte faite 4 Aingeray (Meurthe) d’une pointe de 
fléche en obsidienne paraissant appartenir a l’age de bronze, 116. 

——. Des instruments en silex trouvés a la Treich, 640. 
Trémaux.—Une découverte paléontologique faite 4 Chagny, 971. 
Tournal.—Une fontaine ardente dans l’arrondissement de Narbonne, 

115. 
Villeneuve-Flayosc.—Les lois des deltas, 287. 

Photographic Journal. Nos. 195-197. July to September 1868. 

Quarterly Journal of Microscopical Science. New Series. No. 31. 
July 1868. 

Quarterly Journal of Science. No. 19. July 1868. 

Darwin and Pangenesis, 295. 
Chronicles of Science. 

Royal Geographical Society. Proceedings. Vol. xii. Nos. 3-6. 1868. 

——. Journal. Vol. xxxvu. 1867. 

R. J. Mann.—Physical Geography of Natal, 48. 

Royal Horticultural Society. Proceedings. New Series. Vol. i. 
No. 11. April to July 1868. 

Royal Institution. Proceedings. Vol.v. Parts3 &4. Nos. 47 &48. 
1868. 

T. H. Huxley.—The Animals which are most nearly intermediate 
between Birds and teptiles, 278. 

W.358. Jevons.—Probable Exhaustion of our Coal-mines, 328. 

Royal Society. Proceedings. Vol. xvi. No. 103. 1868. 
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Salem. Proceedings of the Essex Institute. Vel. v. Nos. 3 & 4. 
1866-67. 

Society of Arts. Journal. 114th Session. Vol. xvi. Nos. 815-827. 
July to September 1868. 

Coal in Nelson, New Zealand, 610. 
Silver in Victoria, 610. 
Trinidad Petroleum, 765. 

Society for the Suppression of Mendicity. 50th Report. 1868. 

St. Petersburg. Bulletin de PAcadémie Impériale des Sciences de 
St. Petersbourg. Tome xii. 

. Mémoires de l’ Académie Impériale des Sciences de St. Péters- 
bourg. Septiéme Séric. Tome xi. Nos. 9-18. 1868. 

Student and Intellectual Observer. Nos. 6-8. July to September 
1868. : 

Vienna. Anzciger der kaiserlichen Akademie der Wissenschaften in 

Wien, |): ahre. 1 1868. Nos. 15-20. 

Reuss.—Die fossilen Anthozoen und Bryozoen der Schichtengruppe 
von Crosara, 168. 

Fuchs.—Beitrae zur Kenntniss der Conchylienfauna des Vicentinis- 
chen Tertiargebirges, 170, 

——. Verhandlungen der k.-k. geologischen Reichsanstalt. Nos. 
10-12, 1868. 
Mojsisovics und Schloenbach.—Das Verhalten der Flyschzone zum 

Nordrande des Kalkalpen zwischen dem Traun- und dem Laudach- 
See, 212. 

Fuchs. —Conchylien aus dem Braunkohlenschurf bei Pielach nachst 
Melk, 216. 

Krejéi. —Auflagerung des Griinsandes auf Unterpliner, 217. 
Koch. —Geologische ‘Studien aus der Umgebung von Eperies, Pata 
Sandberger. —Berichtig ung zu einer Notiz iiber Foraminiferen der 

alpinen Trias, 219. 
Seebach.—Ueber die vulkanischen Er scheinungen in Central-Ame- 

rika, 219. 
Wolf. —Beobachtungen auf einer Excursion nach der Neuen Welt 

und Griinbach, 22 i 

Trautschold.— Ueber Meteorsteine yon Pulveak und Makowo, 222. 
Mojsisovics.— Ueber den Salzberg yon Aussee in Steiermark, 224. 
Stur.—Geologische Aufnahme der Herrschatt Halmagy in ’ Sieben- 

burgen, 295, 
Foetterle.—Ueber die Chlorkalkium-Ablagerune von Kalsuz, 226. 
Schloenbach.—Herbich’s Petrefactensendungen aus Siebenbirgen, 

232, 
Nechay.—Mammuthzahn von Holosko, 232. 
Kyejci.—Permische Schichten bei Viasim in Bohmen, 289, 
Petersen.—Zur Formulirung der Mineralien, 239. 
Kremnitzky,—Eisensteinbergbaue i in der Bukowina, 241. 
Stoliczka.—Arbeiten an dem Geological-Survey in Calcutta, 244, 
Paul.—Die Gegend zwischen Eperies und Barifeld, 246. 
Héfer.—Die Aufnahmen an den Grenzen ues Séroser- und Zipser Co- 

mitates, 247, 
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Vienna. Verhandlungen der k.-k. geclogischen Reichsanstalt. Nos. 
10-12 (continued). 

Schlénbach.—Die Kreideformation im Isergebiete in Bohmen, 250. 
Mojsisovics.—Umegebung von Aussee, 256. 
Stache und Neumayr.—Die Klippen bei Lublau und Jahrembina, 

258. 
Stur.—Palmenrest von Hibiswald, 261. 
Giimbel.—F oraminiferen in den Cassianer und Raibler-Schichten, 

275. 
Foetterle—Umegebung von Torna, Szendré, und Edelény, 276, 
Wolf.—Die Gegend von Telkibanya, 277. 

Die Gegend zwischen Korlat-l*on] und Szauto-Gibart, 278. 
Stache.—Vorlaufige Bemerkungen uber die tektonische Bedeutune 

der Klippen in Gebirgsbau der Karpathen, 279. 
Neumayr.— Ueber einige neue Versteinerungsfundorte in den Klip- 

en, 282. 
Hofer.—Die Klippen von Palocza, 284. 
Stur.—Das Volovec- und Galmus-Gebirge nordlich yon Schméllnitz, 

285. 
Paul.—Die Gegenden von Nanusfalva, Bartfeld, und Zbord, 287. 
Schlénbach.—Die Kreideformation im nordlichen Isergebiete und in 

der Umgebung yon Bohm.-Leipa, Bohm.-Kamnitz und Kreibitz, 
289. 

Die Kreideformation im Gebiete der Umgebungen yon Chru- 
dim und Huttenberg, Neu-Bidschow und Konigeratz, Jicin und 
Hohenelbe, 294. 

Mojsisovics.—Umegebungen von Hallstatt, 297. 

War-Office Library. Index to the several articles in Periodical 
Publications received from the 6th May, to the 5th June, 1868, 
inclusive. 

——, ——. 6th June to the 25th August, 1868. 

Woolhope Naturalists’ Field-club. Transactions, 1867. 1868. 
T. Curley.—Geology of Llandrindod, 28. 
W. Purton.—Geology of the Clun District, 61. 
R. Dixon.—Geology of the Woolhope Valley, 182. 
——. Upper Silurian Fossils, 135, 

Zoological Society. Proceedings. 1868. Part 1. 

Se) Index 1645-1860. 1863. 

=) Transactions. Vol. vi. Parts 6'& 7!> 1868: 

II. PERIODICALS PURCHASED FOR THE LIBRARY. 

Annales des Sciences Naturelles. Zoologie et Paléontologie. 5° Série, 
Vol. vii. Nos. 4 & 5. 

A, Milne-Edwards.—Sur l’existence d’un Pélican de grande taille, 
dans les Tourbiéres de ’Angleterre, 285, 
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Annals and Magazine of Natural History. Fourth Series. Vol. u. 
Nos. 7-9. July to September 1868. 

W. King.—Monograph of Spirifer cuspidatus, 1 (plate). 
H. A. Nicholson.—Notes on Heltcograpsus, 23. 
T. R. Jones and H. B. Holl—Notes on Lower-Silurian Bivalved 

Entomostraca from Kildare, 54. 
W. Whitaker.—On Subaérial Denudation, 62. 
H. B. Tristram.—Geological Relations of the Fauna and Flora of 

Palestine, 63. 
T, H. Huxley —The Animals which are most nearly intermediate 

between Birds and Reptiles, 66. 
W. B. Carpenter.—Spirifer cuspidatus, 188. 
Lyell’s ‘ Principles of Geology,’ reviewed, 152. 
Murchison’s ‘ Siluria,’ reviewed, 156. 
Dawson’s ‘Acadian Geology,’ reviewed, 158. 
A. Pomel.—Observations on the Classification of HMchinodermata, 

225. 
M. Schimper.—The Calamites and Fossil Eywiseta, 235. 

Journal de Conchyliologie. Vol. vin. - Nos, 2-4. 1868. 

Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie, 
und Paliontologie. Jahrgang 1868. Hefte 4-6. 

F, Sandberger.— Untersuchungen tiber die Erzgange von Wittichen 
im bidischen Schwarzwald, 385. 

C. W. C. Fuchs.—Bericht tiber die vulcanischen Erscheinungen des 
Jahres 1867, 455 (plate). 

H, B. Geinitz.—Ueber das Meteoreisen von Nobdenitz und uber eine 
bei Weissenborn unfern Zwickau gefundene Hisenmasse, 459 
(plate). 

Hacker ie Quaternirschichten des Beckens oder Hochthales von 
Mexico, 513 (2 plates). 

L. Wurtenberger.—Hinige Beobachtungen im weissen Jura des oberen 
Donauthales, 540. 

K. Zittel.— Diploconus, ein neues Genus aus der Familie der Belem- 
nitiden, 548 (figure). 

C. W. C. Fuchs.—Die Laven des Vesuv. Zweiter Theil, 553. 
J. C. Deicke—Andeutung tiber die Untersuchung der Quatargebilde 

in der Schweiz mit besonderer Beziehung auf die Kantone St. 
Gallen und Appenzell, 563. oan 

A. Kenngott.—Ueber,Gyps und Anhydzit als Hinschluss in Kalkstein, 
577 (figure). 

J. Barrande.—Silurische Fauna aus der Umgebung von Hof in 
Baiern, 641 (2 plates). 

F. Zirkel.—Ueber die Verbreitung mikroskopischer Nepheline, 697. 
Letters; Notices of Books, Minerals, Geology, and Fossils. 

LInstitut. 1°° Section. 36% Année. Nos. 1796-1818. 1868. 

Sagra.—Volcans de l’Amérique centrale, 181. 
Suess.— Vieux grés rouge des Alpes méridionales, 199. 
Reuss.—Recherches paléontologiques, 199. 
Cornet et Briart.—Silex ouvrés de Spiennes, 213. 
Volcans des iles Sandwich, 216. 
Schmidt.—Eruption de Santorin, 239. 
Laube.—Fossiles dans les nodules du lias inférieur, 239. 
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L’Institut. 1 Section. 386°Année. Nos. 1796-1818 (continued). 

Laube.—Faune de St. Cassian, 240. 
Delesse.—Carte géologique, 281. 
Bus.—Mammiféres du Crag d’Anvers, 281. 
Delaunay.—Constitution de l’univers, 5138. 
Delanoue.—Géologie de la haute Egypte, 321. 
Deville.—L’éruption du Vésuve, 338. 
Pomel.—Megalonyx Cubensis, 338. 
Bus.—Crag d’Anvers, 348. 

= SS pection. Sa° Année. Nos. 387-392; 4868. 

Paleontographica. Beitrage zur Naturgeschichte der Vorwelt. Vol. 
xvul. Lief. 1-3. 1868. 

Von Rhoel.—Fossile Flora der Steinkohlen-Formation Westphalens 
einschliesslich Piesberg bei Osnabruck, 

Ill. GEOLOGICAL AND MISCELLANEOUS BOOKS. 

Names of Donors in Italics. 

Abich, H. Geologische Beobachtungen anf Reisen in den Gebirgs- 
landern zwischen Kur und Araxes. 1867. 

Anon. (Research). Auriferous Drifts in Australasia. 1868. Pre- 
sented by the Publishers, W. Blackwood & Sons. 

Archiardi, A. @. Studio comparativo fra 1 Coralli dei Terreni 
Terziari del Piemonte e dell’ Alpi Venete, 1858, 

Biedermann, W. E. A. Petrefacten aus der Umgegend von Winter- 
thur. Heft 3. 1868, 

Brand. Notes on certain Terrestrial Mollusca, with Descriptions of 
New Species. 1868. 

Briart, A., F. Cornet, et A. H. de Leharve. apport sur les décou- 
vertes géologiques et archéologiques faites 4 Spiennes en 1867. 
1868. 

Capper, 2. Observations on the Crust of the Earth, and the For- 
mation of Gold-bearing Rocks. 1868. 

Clarke, A. R. Determination of the Positions of Feaghmain and 
Haverfordwest, longitude stations on the great European arc of 
Parallel. Being an Appendix to the Account of the Principal Tri- 
angulation of Great Britain and Ireland. 1867. Presented by the 

Director-General of the Ordnance Survey. 

Cline, G. W. On Buddhism. 1868. From J. Burgess, Esq. 
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Croll, J. On Geological Time, and the Probable Date of the Glacial 
and the Upper Miocene Period. 1868. 

Daubrée. Sur la découverte et la mise en exploitation de nouveaux 
gisements de chaux phosphatée. 1868. 

Erdmann, A. Exposé des Formations Quaternaires de la Suede, 
avec un atlas. 1868. 

Fuvre, A. Station de ’homme de lage de la pierre & Veirier prés 
de Genéve. 1868. 

Fuchs, T.,und F. Karrer. Geologische Studien in den Tertiirbildun- 
gen des Wiener Beckens. 1868. 

Griesbach, K. Jura yon St. Veit bel Wien. 1868. 

Guppy, R. J. L. On the Terrestrial Mollusca of Dominica and 
Grenada; with an account of some new Species from Trinidad. 
1868. 

Haidinger, W. von. in Verzeichniss simmtlicher naturwissen- 
schaftlicher Abhandlungen aus den Jahren 1800 bis mit 1863. 
1868. 

Halloy, J. J. @Omalius @. Précis Elémentaire de Géologie. 1868. 

Koenen, A. von. Ueber die unter-oligocine Tertiir-Fauna yom ) aa) 

Aralsee. 1868. 

Lartet, E., and H. Christy. Reliquice Aquitanice ; being contribu- 
tions to the Archeology and Palsontology of Périgord and the 
adjoining provinces of Southern France. Parts VI. and Vil. 
August and September 1868. Pp. 53-94. Plates A. XIX. & 
XX., B. XI.-XIYV., C. I-VI. From the Executors of the late H. 
Christy, Esq. 

Laube, G. C. Die Fauna der Schichten von St. Cassian. Jin Bei- 
trag zur Palaontologie der alpinen Trias. 1868. | 

Kin Beitrag zur Kenntniss der Echinodermen des vicentinis- 
chen Tertiirgebietes. 1868. 

Macdonald, W. Contributions to the History of Development in 
Animals. I. On Foetal Circulation. 1868. 

Morlot, A. L’Archéologie du Mecklembourg. D’aprés les travaux 
du Dr. Lisch comparée a celle de l'Europe centrale. 1868. 

Nicholson, H. A. Essay on the Geology of Cumberland and West- 
moreland. 1868. 

Peters, K. F., Zur Kenntniss der Wirbelthicre aus den Miociinschichten 
von Kibiswald in Stelermark. II. Amphicyon, Viverra, und Hyc- 
therium. 1868. 

Pictet, F. J. Mélanges Paléontologiques. Livr. 4. 1868. i i a 
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Rasumowskoje. Die Meteoriten des Mineraliencabinets der kaiser- 
lichen Ackerbau- und Forstakademie. 1868. 

Reynés, P. Essai de Géologie et de Paléontologie aveyronnaises. 
1868. 

Seebach, H. von. Ueber den Vulkan von Santorin und die Eruption 
yon 1866. 1867. 

Suess, Hd. Ueber die Gliederung des Vicentinischen Tertiirgebirges. 
1868. 

Whitley, N. On the Temperature of the Sea, and its Influence on 
the Climate and Agriculture of the British Isles. 1868. 

Zigno, A. de. Descrizione di alcune Cicadeacee fossili rinvenute 
nell’ Oolite delle Alpi Venete. 1868. 

. Flora fossilis formationis Oolithicse. Le Piante fossile dell’ 
Oolite descritte ed illustrate. Vol.i. 1856-68. 

TY. BOOKS PURCHASED FOR THE LIBRARY. 

Aristotelis opera omnia. Grece et Latine, cum indice nominum et 
rerum. Volumen tertium. 1854. 

Milne-Edwards, A. Recherches anatomiques et paléontologiques pour 
servir 4 Vhistoire des Oiseaux Fossiles dela France. Livr. 20-22. 
1867. 

Stoppani, A. Paléontologie Lombarde, ou description des fossiles de 
Lombardie publiée avec le concours de plusieurs sayants. 4° Sér. 
Livr. 39 & 40. 
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The Rev. J. F. Blake, M.A., Gonville and Caius College, Cam- 
bridge; Thomas Sparke Parry, Esq., Castlebar, Ealing, Middlesex ; 
and William H. Penning, Esq., of the Geological Survey of Eng- 
land, 28 Jermyn Street, W., were elected Fellows. 

The following communications were read :— 

1. On the so-called “ Kozoonat” Rock. By Prof. W. K1ne and 
Dr. T. H. Rowney. 

(Communicated by Sir R. I. Murchison, Bart., K.C.B., F.R.S., V.P.G.S.) 

{ Abstract. ] 

Tue authors noticed that, since the reading of their former commu- 
nication in 1866, further descriptions of Hozoon have been published 
by Hochstetter, Giimbel, Carpenter, Dawson, and Logan; and after a 
few words on those by the first two, they proceeded to criticise the 
others more fully, intimating that the English and Canadian observers 
haye by no means mastered all the difficulties of the subject, nor 
answered the objections brought forward by them. In the course of 
these remarks, Messrs. King and Rowney, objecting to the specimen 
from Tudor, of which they have seen the photograph, and which was 
described and figured in 1867*, suggested that it is nothing more 
than the result of infiltration of carbonate of lime, with entangled 
impurities, between two layers of the sandy limestone. They also 
stated their belief that the term “ Kozoonal” is applicable to any 
of the ophites they describe, inasmuch as, it was contended, the 

* Quart. Journ. Geol. Soe. vol. xxiii. pls. 11 & 12. 
VOL. XXV.—PART I. K 
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_ structure of the latter is similar to that of the Canadian rock con- 
taining the so-called Hozoon. 

The authors then proceeded to treat of the supposed foraminiferal 
characters of “‘ Eozoon.” First, as to the “ cell-wall” or “nummu- 
line layer,” they advanced repeated evidence of the value of their 
former proofs that the typical form is due to aciculate serpentine 
(or modified chrysotile) of inorganic origin—having examined, be- 
sides others, a Canadian specimen presented by Dr. Carpenter. 
Secondly, nothing new was adduced with regard to the mineral 
structure of the so-called “ intermediate skeleton.” Thirdly, in proof 
that the “ chamber-casts” are not of organic origin, the authors 
referred to their former work, and stated that chondrodite and pyral- 
lolite may be added to the list of minerals that occur, as such, disse- 
minated in limestones. They thought it strange that a carbonate, 
as well as a silicate, should not have been found filling the so-called 
chambers; and they decidedly refused to accept the Tudor speci- 
men having some tubuli filled with ealcite, to which they suppose 
Dawson refers when speaking of chambers filled with calcite, as a 
case in point ; they were unacquainted with any published instances 
of this mineral being an infilling. Fourthly, reiterating their ob- 
servations on the so-called “ canal-system,” they suggested that the 
globoso-vermicular bodies noticed by Dawson and Gumbel may be 
metaxite ; and they insisted on the difficulty of explaining the pre- 
sence of isolated unbroken tube-casts in patches of pure limestone. 
The Madoc specimen, described by Dawson as having its “ canals ” 
and “ chambers”’ filled with calcite, was next referred to ; and it was 
argued that the so-called calcite, both in this and in another specimen, 
described by Carpenter, is doubtful and not proved; for the authors 
had not been able to confirm the accuracy of the observations in these 
cases, having examined a Canadian specimen, presented by Dr. Car- 
penter as an example of the kind, which had in it “ homogeneous 
and structureless forms of the canal-system ” that were not dissolved 
in the decalcification. Fifthly, the organic nature of the so-called 
“stolons” was regarded as quite disproved. Mineralogical consi- 
derations of Eozoonal rocks were next entered upon ; and from the 
study of Canadian specimens, and of others from Connemara and 
Bavaria, described in full, the authors concluded that they fully 
prove the “ canal-system,” ‘ chamber-casts,” and “ nummuline layer” 
to be structural and inorganic modifications of serpentine—that 
the whole have originated fromthe change or waste of granules, 
plates, &c. of serpentine ; and they incline to the belief that the 
calcite of the “ intermediate skeleton ” 1s pseudomorphic after one 
or other form of serpentine by infiltration and replacement. The 
rounded form of the granular masses of chondrodite, coccolite, &c. in 
some limestones was also referred by the authors to the gradual 
removal of their surfaces by deep-seated hydrothermal agency. 

It was then argued that the organic nature of Hozoon cannot be 
supported by the cumulative evidence afforded by the combination 
of foraminiferal features; for these features, combined and due to 
purely mineral paragenesis, had occurred to the authors in certain 
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ophites, though some are wanting in other ophites, just as they are 
not always present in the Eozoonal rock of Canada. 

Serpentine has been described as having been deposited in the 
cavities of Eozoon, and having taken the place of its sarcode; but 
the authors criticised all the quoted analogies of such a precipitation 
of any siliceo-magnesian substance, which they disbelieve, and put 
aside glauconitic infiltration as beside the question. 

Considered geologically, with referrence to its occurrence in a 
metamorphic rock, the authors regarded the Hozoon as an organic 
impossibility ; and they asked why it should never be found in any- 
thing but crystalline or semicrystalline rocks—in ophites or ophi- 
ealcites of widely different ages. Particularly they found eozoonal 
structure in the Liassic ophite of Skye; and this they described in full. 
They criticised Sterry Hunt’s change of opinion, who used to think 
that the serpentinous rocks of Canada were once earthy amorphous 
silicates, and afterwards metamorphosed, but who now supposes 
they were deposited in a crystalline state; and they asked why, if 
so, may not all the Laurentian rocks have been so deposited? In 
conclusion, they totally denied that Eozoonal structure has anything 
to do with any organism, and repeated that, like all analogous con- 
ditions of serpentine, chondrodite, &c., it is of purely mineral origin. 

Discussion. 

Prof. Ramsay had been struck long ago by the organic appearance 
of the structure nuw regarded as Hozoon. He had also felt a diffi- 
culty in accounting for the existence of large masses of limestone, 
except by the operation of organisms living in the sea, in which such 
deposits had been formed. He could not imagine the sea-water so 
overcharged with calcareous matter as spontaneously to deposit 
limestone. 

Mr. Parker, on examining the various parts of the Hozoon as 
shown him by Dr. Carpenter, had been able to recognize in them 
similar structures to what he had already met with in recent 
Foraminifera. 

Prof. T. Rurzrr Jones accounted for the difficulty that sometimes 
existed in recognizing Eozoonal structure by the contortion of the 
containing beds subsequently to their deposition. 

Dr. Duncan had been struck in the earlier known specimens of 
Eozoon by the shape of the tubules of the canals: he had never 
seen similar outlines in inorganic bodies. 

Dr. CaRPEnTER need not repeat the grounds on which he regarded 
Hozoon as an organic structure. He objected to criticisms unless 
founded on examination of actual specimens, and regretted that 
Prof. King had not examined the large collection of specimens in 
his (Dr. Carpenter’s) collection. A specimen which Sir William 
Logan had brought from Canada contained much iron, and had 
the Canal-system wonderfully preserved; and it presented this 
character—that the larger branches were infiltrated with serpentine, 
and the middle branches with sulphide of iron, while the smallest 
branches were filled with carbonate of lime, of the same nature as the 

K 2 
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matrix. It was only under a favourable light that these smaller 
tubes were visible, as the calcite in them was of the same crystalline 
character as the surrounding network. This was conclusive evidence 
of the structure not arising from the mere infiltration of one chemical 
substance into another. Moreover such an infiltration would have 
passed between the cleavage-planes, instead of running across them 
as the Canal-system does. When cut, some specimens had given out 
a strong odour of musk, which they to some extent still retained ; 
this, again, seemed to be evidence of organic origin. The manner 
in which the authors speak of the Canal-system and of the nummu- 
line layer satisfied him that they have depended on the evidence of 
decalcified specimens, and have not made themselves sufficiently 
acquainted with the appearances presented by transparent sections. 
If they had done so, they could not have continued to assert that 
the nummuline layer is nothing else than chrysotile—the characters 
of the two being totally different. Recent Foraminifera, when de- 
calcified, exhibited precisely the same asbestiform layer round the 
chamber-cast as the fossil Hozoon. In the deep seas of the pre- 
sent day, at various depths and temperatures, was a large ex- 
tension of sarcodic substance; and in this there were Rhizopods 
with and without shells, but of similar low structure; and such 
forms might have continued in existence through any length of time, 
so that the occurrence of Hozoon so far down as Jurassic times could 
afford no matter for surprise. He should not be astonished even if 
such a structure as Hozoon were found in deep- sea dredgings of the 
present day. 

The Presipent mentioned the Bathybius, which he has found 
with coccoliths and other forms in deep-sea soundings. In some 
newer specimens of Atlantic mud given him by Dr. Carpenter he 
had found Bathybius forming a sort of network, somewhat similar 
to the plasmodia of botanists. He could not call it either plant or 
animal. It was, however, a living substance, susceptible of appa- 
rently indefinite growth, This removed one of the difficulties in 
believing in the wide extension of the Hozoon. The Hydrographer 
to the Admiralty had since sent him the soundings taken by Captain 
Shortland in ‘The Hydra.’ In soundings from 2800 fathoms in the 
Arabian Gulf Bathybius was plentiful; and oyer an area 7000 miles 
long the same organism occurred in abundance. . He agreed in 
thinking it possible that such organisms might have gone on living 
from the earliest geological times. 

In answer to Prof. Ramsay, the Prestprnt stated that the sound- 
ings in which the Bathybius occurs alone, as analyzed by Dr. Frank- 
land, contained 14 per cent. of nitrogenous organic matter. 

rn ee 
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2. Notes on the Grotoey of Curna, with more especial reference to the 
- Provinces of the Lowrr. Yanetse. By T. W. KINGSMILL, Corr. 

See. North-China Branch of the Royal Asiatic Society. 

[Communicated by the President. ] 

So far as I am aware, no attempt has been as yet made to classify 
the several geological formations of this huge empire. Isolated 
accounts of small sections have, indeed, appeared, but these for the 
most part were the productions of travellers inexperienced in the 
nomenclature of the science. Two exceptions, however, may be men- 
tioned: one of these is Mr. Raphael Pumpelly, who in the years 
1863-5 examined the coal-beds of the north-eastern provinces; the 
other, Mr. A.S. Bickmore, who in the year 1866 penetrated from Can- 
ton by Kwangsi and Hunan to Hankow in the centre of the empire. 
Unfortunately Mr. Pumpelly, so far as I know, has published no full 
statement of his researches, the only account being a short notice in 
Silliman’s Journal in 1866, which, unluckily, I have not had the 
opportunity of perusing in full; while Mr. Bickmore’s stay was too 
short, and the restrictions imposed on him during his adventurous 
journey too severe, to have afforded him the opportunity of forming 
a regular classification. Ishall in the course of this paper, however, 
allude to some very interesting observations of his, detailed in a paper 
read before the North-China Branch of the Royal Asiatic Society, 
and published in the volume of their Transactions for last year. 
My own personal observations have been made during a residence 

of nearly seven years, distributed between Hongkong, Canton, 
Shanghai, and Hankow, having had besides the advantage of occa- 
sional visits to all the open ports in the South of China, from most 
ef which I have made excursions into the country lying around. 
In January of the present year (1868) I spent some ten days in the 
inspection of the country situated in the neighbourhood of Nanking 
and Chinkiang, which afforded me some valuable results, while other 
tours have made me tolerably well acquainted with the districts of 
Lower Kiangsu, of southern Nganhwei, and of the districts of Kiangsi 
and Hupeh adjacent to the river Yangtse. 

Excluding the provinces of Fuhkien and Chehkiang, which proba- 
bly offer some partial exceptions, the aqueous formations of the south 
of China commence at bottom with a series of coarse grits and sand- 
stones overlain conformably by limestones and shales. This forma- 
tion extends from the east coast far into Hupeh, and apparently to 
the west of Sz’chuen, and from the south of Kwangtung certainly as 
far north as the basin of the Yangtse, and probably far into Mon- 
golia. Throughout all the districts with which I am acquainted it 
occurs in vast synelinals and anticlinals, forming a series of mountain- 
chains rising generally to no great height, though in the Mei-ling 
between Kwangtung and Kiangsi, in the Wue-shan between the 
latter province and Fuhkien, and in the Lu-shan near Kiukiang on 
the Yangtse it seems to exceed the altitude of 5000 feet. In fact 
it may be said to form the skeleton of the country, the succeeding 
formations occurring for the most part in the valleys and depressions 
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of the older series, which forms, in the south of China at least, the 
main geological framework of the empire. These rocks are through- 
out much broken up by faults, the softer portions denuded forming 
valleys, and then again for the most part filled up by deep deposits 
of subsequent date. In the valley of the Yangtse the strike gene- 
rally approaches within a few degrees of E. and W.; in the southern 
provinces it is commonly from E.S.K. to W.N.W., or thereabouts ; the 
strata are constantly either vertical or highly inclined. The series 
is of considerable thickness, probably from 16,000 to 20,000 feet, or 
even more. In the central provinces in Kiangsu and Kiangsi the 
following seems to be the sequence in descending order. From the 
circumstance of the greater portion of the series being developed in 
the two Tungting islands in the Taihu, within an easily accessible 
distance of Shanghai, I have given the formation the provisional title 
of the Tungting series for future reference. 

WorGe\e% WGMESTONES cick saisetereds 
No. 7. | .2 ( Calcareous shales ......... coon ans t 
No. 6. ® Limestones 4 Limestones and dolomites ° eh. 
No. 5. t ap | Lower coal and iron shales...... About 600 to 800 ft. 
No. 4. f.5 4 Limestone with chert nodules... ,, 800 feet. 
No. 3. | = Upper quartzite) occ... 15 suisse ands 
No.2.) 2 GPHS! casas Middle shales and shivery schists... + 12,000 feet. 
No. 1 ) = \ LOWer QUATUZALEB: s5.05 cnc. pauacnscanvens 

The rocks composing this series are thoroughly conformable from 
first to last, and, as above stated, form the lowest formation I have 
hitherto been able to fix upon with certainty. They are for the 
most part destitute of fossils, though in one or two localities they 
have yielded a few specimens. 

No.1. The Lower Quartzites.—These rocks consist of coarse lami- 
nated quartzites or irregular sandstones, sometimes, as in Lower 
Kiangsu, altered into quartz rock, and occasionally, it is said, contain- 
ing traces of gold. Occasional oval patches of a lighter colour and finer 
composition than the matrix occur; they are totally devoid of struc- 
ture, but, from their occurrence in Kiangsu and Kiangsi at an inter- 
val of 400 miles, as well as in the intermediate district of Nanking, 
they seem to be characteristic. 

No. 2. The Middle Shales.—This may be said to consist of an 
irregular mass of soft shales, sometimes, as in Lu-shan near Kiukiang, 
metamorphosed into purple slates of sufficient consistency to be made 
use of for water-cisterns, &c.; generally they form a mass of soft 
shales interspersed with a peculiar series of greenish schists, which 
split up into small angular spicula on exposure to the air. Though 
easily shivered into these small fragments, they persistently refuse 
further disintegration, and often form the surface for many hundred 
yards, these portions being almost entirely destitute of vegetation. 
These shales have yielded no fossils within my knowledge. 

No. 3. The Upper Quartzites.—These rocks are in a great measure 
similar to those of No.1, but are generally of more decidedly arena- 
ceous character, in some of the upper beds forming fine-grained grit- 
stones, much used by the Chinese for grindstones, set-stones, and 
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their fine ink-stones. The 
extreme upper beds are more 
shaly, and have yielded fossils 
both animal and vegetable. I 
have met with but one locality 
for each, however,—the former, 
near Kiukiang, at the foot of 
the Lu-shan, the latter, in the 
Si Tungting-shan, in the Tai- 
hu. Of the former I have col- 
lected :— 

Some doubtful fish-scales. 
An Orthoceratite. 
Two Corri? 
A Gryphea. 
A small doubtful conchifer. 
The above, like most of the 

fossils of the Tungting series, 
are excessively badly pre- 
served. 

Of vegetable remains I have 
noticed the following :— 

A Lepidodendron, with small 
lozenge-shaped reticulations. 

Some stems of conifers, and 
possibly leaves of the same. 

A Pecoptercs. 
Apparently two other forms 

not sufficiently well marked for 
determination. 

Fragments of leaves with 
parallel strie. 

The vegetable remains at 
least seem to indicate an early 
age for the containing rock. 

These rocks, in the south of 
China, are eminently developed 
in the valley of the Si-kiang 
or West River, which rises in 
the frontier districts of Yun- 
nan and Kwangsi, and, flow- 
ing on towards the delta of 
the Canton river, disembogues 
finally at the western side of 
the island on which is situated 
the Portuguese settlement of 
Macao. Mr. Bickmore describes 
them likewise as forming the 
foundation rock in the valley 
of the Kweikiang or Cassia 
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River, a tributary of the former flowing past Kweilin-fu, the capital 
of Kwangsi province. In the valley of Modo, near Soochow, in 
Kiangsu, a fine section is also exposed. The Lu-shan, a fine range 
of mountains near Kiukiang, commanding the entrance to the 
Poyang lake, is likewise composed of these rocks, which, more- 
over, appear at intervals through the entire district south of the 
Yangtse. In the island of Hongkong, and stretching along the 
sea-coast as far as the Chusan archipelago, they, much altered 
and associated with igneous rocks of various descriptions, form 
the main portion of the coast-range. Even in Hongkong itself an 
attentive examination discovers these slate rocks, but entangled 
with at least two series of plutonic rocks—one granitic, the other 
trachytic, and both evidently posterior to the sedimentary rocks. 
Near Soochow, likewise, in the Modo valley spoken of above, a mass 
of reddish granite rises from the midst of the lower shales, towards 
the axis of which the surrounding strata dip. 

Fig. 2.—Section of the Kiukiang district, Kiangsu. 
(Scale 6 miles to 1 inch.) 
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At the Lu-shan the subsequent origin of the igneous rocks is also 
well displayed in the conversion of a portion of the superimcumbent 
shales into mica-schist and gneiss ; in Lower Kiangsu, likewise, the 
detached hills which appear over the surface of the alluvial plain are 
composed of the remains of these quartzites preserved from the de- 
nudation which destroyed the other portions of the series by the 
hardening effect of the intrusion of a series of porphyritic dykes 
having a general direction from W.S.W. to E.N.E. 

Lying, as above stated, conformably over the Tungting grits, is a 
great mass of limestone, containing near its base, in the central pro- 
vinces at least, a mass of shales of no great thickness producing coal 
and iron. Throughout the valley of the Yangtse, from the Taihu in 
KGiangsu westwards to the province of Hupeh, I have traced the lower 
bed, No. 4, of the series. This bed where exposed is rendered very 
conspicuous from projecting nodules of black chert jutting out far 
beyond the water-worn and often honeycombed limestone matrix ; 
in fact one of the chief features of the series in the provinces of 
Kwangtung and Kwangsi is the extraordinary extent to which the 
solvent power of water has acted on the rock. In the valley of the 
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Si-kiang, in Kwangtung, the effect of the action of water on the 
limestone forms the characteristic feature of the landscape; the 
valley seems originally to have been formed by a wide synclinal 
curve of the whole series; except in a few spots, however, the whole 
of the limestone rocks have been washed away, leaving exposed the 
grits and slates of the lower beds. The appearance of these detached 
masses of limestone is described as very fantastic; of one, Mr. Bick- 
more writes as follows*:—‘ About two miles behind the city of 
Shadking-fu rise the famous marble rocks or ‘ Seven Stars,’ like dark 
sharp needles out of the low green plain. Mr. Nevin and I mea- 
sured them with an aneroid barometer, and found them to range 
from 100 to 150 feet above the plain, though they have been reported 
as nearly twice that height. The rock is a highly crystalline lime- 
stone, of a dark blue colour on the weathered surfaces, and of a rusty 
iron tinge where large fragments have been detached, the whole 
traversed in every direction with milk-white veins, and completely 
fissured by joints and seams.”’ In this province, in many localities, 
these metamorphosed rocks are quarried, yielding ornamental mar- 
bles; some seem to be so highly altered as to afford a saccharoid 
marble, approaching in purity the statuary marble of Carrara; at the 
«Seven Stars” described above, a coarse marble marked with veins 
of graphite in zigzag lines is extensively quarried; it is much used 
throughout the province for paving, as well as for ornamental screens. 

Other similar masses occur along the Si-kiang, near the town of 
Yueshing in the “ Cock’s-comb ” rock, on the Tung-kiang in the 
east of the province in the “‘ White-faced ” rocks and the “‘ White- 
horses,” and on the Peh-kiang at the “‘ Five Horse-heads,” as well 
as at many unnamed localities. In Kwangsi on the Kwei-kiang or 
Cassia River, below Kweilin, the provincial capital, Mr, Bickmore thus 
describes their appearance ?:—“ On the evening after leaving Pingloh, 
as we were following the river round a high bluff, we suddenly found 
ourselves on the edge of a valley ten or twelve miles broad, and ex- 
tending further than we could see, to the right and left; in every 
direction it was perfectly bristling with sharp peaks of limestone. 
The strata of this limestone were nearly horizontal; and once the 
whole valley was filled with this deposit, which in the course of ages 
has been worn into deep channels that have kept widening, until 
only sharp peaks are left of what was originally a broad continuous 
sheet of solid rock. From a single low position on the river bank I 
counted 192 separate peaks; the highest was, I judge, 1200 feet 
over the plain, but even this did not represent the original depth of 
the formation.” 

In the central provinces, though by no means so conspicuous, the 
effects of water on these rocks are still marked; the strike, as a 
general rule, approaches closely to an east and west direction, the 
folds of the strata continuing uninterrupted for many miles. The 
numbers 1, 3, and 4, containing the harder and more siliceous rocks, 

* Journal of N.C. B. Royal Asiatic Society, New Series, vol. iv. p. 2. 
ey Lor Ds i. 
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are found, as a general rule, forming the summits of the hills, while 
2 and 5 almost invariably occur at the bottom of the valleys. In the 
Suichang district, near Kiukiang, of which a section is given (fig. 1), 
this arrangement is very marked ; from the summit A, about 900 feet 
in height, and composed of the cherty limestone No. 4, the lines of 
hills running from W. by 8. to E. by N. form a peculiar feature, the 
landscape appearing like a mass of petrified billows following in suc- 
cession. At Nanking, as shown in the accompanying section (fig.3), the 
series is similar; but in this district the limestone is largely converted 
into dolomite, No. 4, however, being precisely similar in both locali- 
ties; here, however, no such perfect section is obtainable as at Sui- 
chang, and it seems doubtful in some spots whether the dolomite 
should be referred to Nos. 6 or 8. The strike in this district is almost 
due KE. and W. 

Fig. 3.—Section of Coal-beds at Pah-hwei-miau in the Nanking 
district. (Scale 4 miles to 1 inch.) 
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Proceeding eastwards for about 100 miles, we meet with the Tai-hu, 
a large lake in the prefecture of Soochow in Kiangsu province, which 
contains many islands composed of rocks of this formation. In two 
of these, the Tung and Si (East and West) Tungtings, the lower por- 
tion of the series is finely developed; in the eastern portion of one, 
the Si Tungting-shan, of which a section is appended (fig. 4), the lime- 
stones come in lying, as before, conformably over the grits and shales 
of the lower series. As in the other districts, the bed No. 4, contain- 
ing chert nodules in large numbers, is conspicuous ; further east for 
some distance a small alluvial plain interrupts the sequence, some 
low isolated hills seeming, however, to represent No.5; while No. 6 
appears further to the east in a bold promontory jutting out into the 
lake, where extensive limestone quarries have been worked for cen- 
turies. ; 

These sections, with the foregoing description, will be sufficient to 
explain the general position and character of the lower sedimentary 
rocks of Southern China. As will have been seen, they are much dis- 
turbed, and in some localities altered by the intrusion of igneous 
rocks, which, especially along the coast chain from Macao to the 
Chusan islands, form in many localities the characteristic geological 
formation. Some of these localities have already been mentioned ; 
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but in general, throughout the east and north-east of Kwangtung 
and the greater portion of Fuhkien, igneous and metamorphic rocks 
form the most conspicuous geological feature of the country. The 

Fig. 4.—Part Section of Si Tungting-shan. 
(Seale 4 miles to 1 inch.) 
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granites of the coast-chain and of some inland districts, of Kwangtung 
and Kiangsi especially, give a forbidding aspect to the scenery where 
they occur. From the large amount of mica they contain, as well 
as from the excess of alkaline materials of the felspar, they are 
readily decomposed, and have yielded to the disintegrating action of 
the atmosphere (in these regions saturated with water for a large 
portion of the year) to an enormous extent, leaving behind a mass of 
soft unctuous clay surrounding the grains of unaltered quartz. The 
granite, however, is very concretionary in its structure and irregular 
in character; and here and there are to be seen large masses of solid 
stone, which have resisted decomposition and lie like enormous 
boulders imbedded in the surrounding matrix. In places exposed 
to the wear and tear of the tropical rains this matrix has been 
washed away; and the undecomposed masses left far and wide over 
the surfaces of the hills have more than once been referred to as the 
results of glacial action, corresponding with the boulder drift of more 
northern latitudes*. In many localities this decomposed rock, annu- 
ally washed by the rains, assumes a most barren aspect, giving a 
blank and desolate appearance to the coast of the southern provinces 
as seen from the sea, deep channels worn by the mountain-torrents, 
and detached masses of every form scattered about, giving the whole 
an air of utter confusion. At Amoy especially may this be noticed, 
where the whole coast seaward presents a mass of white sandy hills 
glaring in a subtropical sun, and only relieved by the black of the 
detached boulders which le around. 

Granite, however, is not the only plutonic rock to be met with. 
In Kwangtung and Fuhkien large masses of porphyry of many vari- 
eties are found ; trachytes containing a large portion of free silica are 
likewise abundant, as also large masses of greenstone. In Fuhkien 
large quantities of rock apparently felspar are found, of a fine grain 
and greenish colour, which form admirable building-stones. In 
Kiangsu and the Yangtse provinces granites and trachytes seem to 
form the characteristic igneous rocks. 

* See Ansted’s ‘Elementary Course of Geology,’ 2nd Edit. p. 42. 
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Though so largely composed of limestones, few fossils are to be met 
with in the upper beds of the Tungting series. I have collected, 
however, a few from No. 4 in the neighbourhood of Suichang, where 
they generally occur (though in bad preservation)in the chert nodules ; 
in the Si Tungting-shan I have likewise met with a few in No. 6. 
The general complexion of the whole seems to be Devonian or Sub- 
carboniferous ; I have met with specimens of one species, apparently a 
Rhynchonella, from such: distant localities as Kwangsi and the Taihu. 
Besides these I have met with the following fossils belonging to this 
formation, those marked with an asterisk, however, having been pro- 
cured from medicine-shops and stated to be from Yunnan in the 
extreme 8.W. of China. 

At least one species of Orthoceratite. I have not been able to pro- 
cure a specimen of these, as they are much prized by the Chinese 
under the name of “ pagoda stones,” and sold at fancy prices. 

Euomphalus, a species closely allied to, if not identical with, £. 
pentangulatus. 

Some internal casts, probably Cirrus. 
Aviculopecten, probably A. duplicatus (Dana). 
Fragments of other shells not recognizable. 
Spirvfer disyunctus, and four other $ species of ote same genus. 
Stringocephalus, three species. 
Rhynchonella, as above. 
Ethynchonella, two more species. 
Rhynchonella (R. pleurodon ?). 
Terebratula hastata ? 
Athyris? a species. 
Orthis, two species. 
A Trilobite. 
Cypridide. 
Cyathophyllum ? 
Heliolites ? 
Remains of Encrinites. 

_As I have no means of comparison with actual specimens, the above 
are merely put forward hypothetically ; the fossils are few in number 
(those I have found mostly in bad preservation), but represent the 
results of a considerable time spent in the search. 

Returning, however, to the rocks themselves, I have denominated 
No. 5 the “ Lower Coal and Iron Shales.” Containing, as they do 
in Kiangsu, enormous deposits of the metal, and being favourably 
situated for working, they bid fair to become of considerable economic 
importance so soon as the absurd prejudices of the Chinese Govern- 
ment permit of their being worked. I quote the following from a 
Report on the Nanking district, made by request of Mr. Markham, 
Her Majesty’s Consul at Chinkiang, who has made energetic efforts 
to induce the provincial authorities to allow the mineral wealth of 
this district to be opened up. 

« At Lungtan-chén, within the district, this series associated with 
Nos. 3 and 6 occurs; the dip here is towards the 8.E., at an angle 
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of about 60°. The coal-beds open out into a narrow valley, and 
have at one time been worked, but abandoned owing to difficulties 
attending the Taiping rebellion. In the neighbourhood of this place, 
in the Shénlung pass and in adjacent localities, a good deal of excel- 
lent iron ore, in the shape of hematite, occurs. Proceeding ina S8.W. 
direction across the strike of the rocks, the coal-beds seem to be 
brought to the surface by a synclinal in the valley to the north of 
the Hwa-shan; the older rocks then reappear, forming in the 
mountain an anticlinal, and again dipping to the south form another 
valley filled for the most part with the later formations, but with 
the harder rocks still appearing at intervals in low detached ranges. 
To the south of this valley the series 4 and 5 again occur, the coal- 
bearing beds appearing at the side of a narrow valley S.W. of Pah- 
hwei-miau, beyond which, in a regular descending series, the lower 
beds again occur, running out in a long spur into the plain at the 
south (see section, p. 124). 

<< Although I have not noticed other outcrops of the coal-beds to 
the east of this line, I have no doubt of their occurrence, as the chert- 
bearing limestone is to be fonnd in several localities approaching 
within a few miles of Chinkiang. Near Chinkiang itself, at a place 
ealled Lui-shan, five miles distant, and also at another spot near 
Kaotséh-chén, some fourteen miles away, this limestone seems to 
occur ; the succeeding shales are ferriferous. At Lui-shan, in some 
detached hills, apparently belonging to this portion of the series, I 
collected some fine specimens of hematite; the beds cross the hill 
with a dip of about 60° towards the north; they seemed to be about 
30 feet in thickness, as, although not exposed for that distance, the 
surface was covered with particles of the ore. Simple quarrying is 
here all that is necessary to obtain the metal. Close by, within 
about 150 feet, the band of cherty limestone, about 200 feet in 
thickness, likewise was found lying conformably with the iron beds. 
This hill is about 200 feet in height, and within a mile of a navi- 
gable canal leading to the river Yangtse ; some specimens of the ore 
here were highly magnetic. Though I did not succeed in finding at 
this locality the coal-bed spoken of above, I have little doubt of its 
existence. The other locality is within two miles of a tile- and 
pottery-village called Paokiang-yau, itself about three miles from 
Kaotséh-chén, a village situated on the main road to Nanking, with 
which, as well as Chinkiang, it has likewise water communication. 
Here also the ore is accompanied by limestone; but, owing to the 
intrusion of a large mass of porphyry, both iron and limestone are 
metamorphosed, the former into magnetic ore, the latter into white 
crystalline marble, much used by the natives for the manufacture of 
whiting. 

«‘T also noticed beds of iron ore at the foot of the Chung-shan, 
within three miles of the Taiping gate of Nanking; they were visible 
here at the head of a small valley which cut into the rocks under- 
lying the Chung-shan series. My specimens collected here, how- 
ever, were by no means equal to the others; but, owing to their posi- 
tion, a good section could not be obtained of the beds.” 
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In the same series in the Suichang district, and, indeed, all along 
the south bank of the Yangtse where this rock is exposed, a deposit 
of coal occurs. It seems to be a semianthracite mixed with a con- 
siderable amount of argillaceous impurities ; the structure is some- 
what lenticular, readily breaking into conchoidal lumps with smooth 
bright surfaces. In no locality have I found more than a single 
seam averaging some 3 feet in thickness. Though of inferior quality, 
from its frequent outcrops (owing to the convolutions of the strata) 
it has been worked to some extent by the Chinese—these mines, 
however, being generally little more than surface workings, a shaft 
some 3 feet high and perhaps 23 feet wide being driven into the hill- 
side at an angle of about 45° with the horizon till the coal is struck. 
No system of drainage is attempted, the holes being generally situ- 
ated at a sufficient elevation to admit of a natural exit for the water. 
The seams being for the most part vertical or highly inclined, no 
galleries are driven, the coal being only removed from the immediate 
neighbourhood of the shaft, up which it is carried by naked boys in 
wicker sleighs. 

For most purposes this coal is unsuitable ; a similar kind brought 
down from Hunan, however, is burnt to a considerable extent by 
the steamers trading between Hankow and Shanghai; it throws out 
a considerable heat, but, from the amount of extraneous matter con- 
tained in it, is apt to run to slag and choke the furnaces. The seams 
seldom crop out at any considerable altitude, so as to allow of free 
drainage if worked deeply, while the quality and thickness of the 
seam is not sufficient to render heavy machinery profitable. As 
the coal occurs in immediate proximity to iron, it may possibly be 
found useful for smelting at some future period. I have found only 
one fossil in connexion with this bed in anything like a good state 
of preservation—the leaves are set alternately, and have a well- 
marked midrib with parallel strize, which seem likewise to be con- 
tinued in the stems. There is, however, a possibility of this plant 
belonging to the same bed as those before noticed (p. 121), the expo- 
sure of the rocks not being sufficiently continuous. 

Taking the whole Tungting system there is a striking resemblance 
between it and the Devonian and Subcarboniferous rocks of the south 
of Ireland—the same succession of grits and shales at the bottom, 
and a similar development of limestone above ; while the type of the 
few fossils found seems likewise to approach that of the Lower Car- 
boniferous rocks of Europe. 

With No. 8, described in the Table as the Upper Limestone, the 
system, so far as my knowledge extends, ceases ; I have in no locality 
been able to trace the ascending sequence. On the Yangtse, how- 
ever, immediately to the west of the Suichang district described 
above, a series of coarse sandstones and quartzose grits interspersed 
with brownish shales succeeds, though apparently not conformably. 
Near thevillage of Hwangshihkang, situated on the river some seventy 
miles below Hankow, these rocks are largely developed; the prevail- 
ing dip is E. or W., or nearly at right angles with the older rocks, 
which are found in bold hills overhanging the river a few miles lower 
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down, and which form a continuation of those at Suichang. This 
series contains in the district at least one coal-seam, which is worked 
at a place called Yishan, some six miles distant from the river; the 
coal is slightly bituminous, but soft and friable, and does not appear 
to occur in quantity ; the seam is said to be about 3 feet thick, and 
dips towards the west at a slight angle. The coal rests on a bed of 
whitish clay containing the remains of roots, and is capped with a 
black shale in which occur plentifully remains of Srgillarie (appa- 
rently S. reniformis), as well as leaves resembling in their striz those 
before spoken of. The series seems to be overlain at no great 
distance by the succeeding formations ; but a hasty visit some four 
years ago did not give me time to note the sequence satisfactorily. 
At Hingkwoh, situated in the same district, but more to the east, a 
bed of similar coal is said to occur; the district is surrounded by the 
earlier rocks of Suichang. 

At Nanking, however, the lower Tungting beds are succeeded by 
a very important series of newer rocks, which, as occurring preemi- 
nently in the Chung-shan outside the north-east angle of the city, 
may conveniently be named the Chung-shan series. Following the 
system adopted in the nomenclature of the lower beds, they may be 
subdivided as follows :— 

4 q Grits and coarse yellow sandstones k 
; aa containing beds of coal............ fun eee 

3. } con Quartzose conglomerate ............... About 100 feet. 
elites ER Mar SEOUECS: Ces. oc lous auievenes dune aces Pe ABOO. 55 
js Coarse red grits and sandstones... ... eo OOO 55 

I do not know the lateral extension of the series, which assumes 
some importance in this district ; it seems to extend to some distance 
to the south and west of Nanking, and to be repeated to the north . 
of the river Yangtse, where, however, as yet, I have had no oppor- 
tunity of becoming acquainted with the rock-masses. I am disposed, 
however, to look upon it as the representative of the newer coal- 
beds of North China, at least until further investigation has proved 
their dissimilarity. South of Nanking, in a range of detached hills 
between that city and Taiping-fu, rising to some 1000 feet over the 
plain, another series of yellow quartzose grits and conglomerate 
occurs; the conglomerate is remarkable from containing fragments 
of the Tungting limestones, as well as pebbles of quartz rock, which 
can only be referred to that formation: this I am disposed pro- 
visionally to look upon as the summit of the series; but as I have 
never met with a similar formation in other localities, this is of the 
less importance to our present purpose. 

The lower beds of the Chung-shan series offer few peculiarities. 
They lie unconformably over the edges of the Tungting rocks, as 
may be readily observed on the road leading from the Taiping-mén 
at Nanking, and contain occasional fragments of the older rocks im- 
bedded in them. The lowermost rocks are very irregularly deposited, 
but are followed by a system of fine-grained dark red sandstones 
(No. 2), which attain a considerable thickness. The series within the 
immediate district of Nanking (fig, 5) ranges from the neighbourhood 
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of the village of Tungliu, twelve miles outside the Taiping gate, to 
the Chung-shan, where it attains a height of about 1700 feet, and 
thence descends again, forming a range of low hills running through 
the city from the Taiping-mén, under the Kulow, and ending in some 
low hills outside the west wall, near the old Tsingliang-mén. The 
dip is towards the 8.E., at an angle of about 30° in the Chung-shan, 
but gradually decreasing at each extremity. The bed No. 3, as | 
being composed of harder and more compact materials than the 
others, forms the summits of the hills, and in the Chung-shan pre- 
sents a steep escarpment to the N.W., on the S.E. face gradually 
dipping under the later beds. Towards the east the upper beds 
(No. 4) run up into a small valley formed in the earlier rocks, where, 
close by a village called Pah-hwei-miau (see section, fig. 3, p. 124), 
they gradually thin out. Here some shafts have been sunk by the 
Chinese, and a small portion of coal extracted from a seam which 
approaches the surface. Coal-mines are also said to have been 
worked on the upper outcrop of the beds on the 8.E. face of the 
Chung-shan, though when going over the country (previously, how- 
ever, to receiving the information) I did not notice them. This 
upper outcrop is covered to a slight depth with the superficial 
deposits, which mask the sequence. 

Fig. 5.—Section of Chung-shan near Nanking. 
(Scale 4 miles to 1 inch.) 

Plain of Said to be Chung- Taiping 
Nanking. Coal. shan. Gate. 

Chung-shan series, Taneaas Rocks 

1. Red Grits. 2. Dark-red Flagstones. 3. Quartzose Conglomerate. 
4, Coal-bearing Rocks, overlain by later formations. 5, Hematite-bed, 

From the Chung-shan, easterly and southerly, these rocks dip 
under the more modern deposits of the plain of Nanking, and appear 
in parts to have undergone considerable denudation. At Pah-hwei- 
miau I searched for some time for the outcrop of the coal-beds; 
but, owing to the manner in which the strata died out against the 
older rocks, 1t was not visible. The mines have been closed for 
some years, although partially worked during the siege of Nanking. 
Water and foul air have accumulated in the pits so as to render 
descent impossible, while most of the old inhabitants have lost their 
lives during the rebellion, or been dispersed over the country. From 
these circumstances, I have been unable to obtain a definite idea of 
the value of this coal-field, or of how many workable seams exist. 
Of the seam worked by the Chinese I could learn but little: some 
said it was 3 feet thick, some 8; but none of the actual miners could 
be found, they having all left the country. I was able to obtain a 
few specimens of the coal, which was of a bituminous slightly caking 
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variety, and seemed, making allowance for seven years’ exposure, to 
be of fair quality; the fracture was bright and clean; and though 
the specific gravity was rather low, it was reported to me by the 
master of one of the Imperial steamers which regularly coaled from 
these mines during the siege of Nanking, that they had found it of 
most satisfactory quality. The covering rocks are coarse siliceous 
sandstones, readily disintegrated and easily removed, from the want 
of tenacity in the cementing substance. The surface acquires, on 
exposure, a deep black colour, though the general tint of the beds is 
a faint yellow. Associated with the coal seemed to be siliceous 
shales, containing small bullet-shaped nodules of iron pyrites and 
the remains of a few ill-preserved stems, the character of which was 
unrecognizable. 

With the exception of some Annelid-burrows and tracks in No. 2 
and the ill-preserved stems in No. 4, I have procured no fossils to 
aid in judging of the geological age of these beds; should they, 
however, represent those at Hwangshihkang (p. 128) they should 
apparently be referred to the latter portion of the Carboniferous 
age. In the north of China a similar series of beds seems to occur 
(though here I am not speaking from personal experience, nor do 
my authorities aid me much by their descriptions); both anthracite 
and bituminous coal.are found apparently in the same district, the 
anthracite probably representing the coal-bed in the Tung-ting 
system, the bituminous the Chung-shan coal. Remains of Cycads 
have been found in these northern deposits, of the fossils from which 
Pére David, at Peking, has made a large collection ; and from this the 
American geologists who examined Mr. Pumpelly’s specimens have 
concluded that the Chinese coal-fields are of Triassic age. Should 
the fossil mentioned (p. 128) be a Cycad, as seems not unlikely, this 
would be an instance of that family of plants being found with an 
undoubtedly primeval flora—a fact the more interesting as Cycads 
to the present day flourish in the adjoining country of Japan, 

In the province of Chehkiang, in the prefecture of Ningpo, the 
lower portion of the Tung-ting series is largely developed, quartzites 
highly metamorphosed and associated with granites and porphyries 
forming the prevailing rocks; agates and fluor spar are found in 
considerable quantities; while iron, in the shape of magnetic ore of 
considerable value, is in many places worked to a slight extent, 
being obtained in the shape of sand from the mountain-torrents, 
In the Chusan islands, within this prefecture, the coast chain of the 
northern provinces may be said to end; and in them, associated with 
granite, occur portions of these erits, similar in many respects in 
aspect to the same rocks in Hong Kong. Following the series 
inland, though the sequence cannot be so readily seen as in the cen- 
tral provinces, we seem to pass over the Tung-ting grits, andin the 
prefecture of Kinghwa and Hangchow to meet with limestone, 
which, along the valley of the Tsientang, the principal river of the 
province, is said to be associated with beds of coal. In the prefec- 
ture of Ningpo, near the town of Tszeki, at Ningkong-kiu, in the 
“Snowy valley,” and at many other places there occurs, overlying 
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unconformably the lower quartzites and shales, a very peculiar series 
of conglomerates, trappean grits, and flag-stones. The position is 
very similar to that of the Chung-shan series, and the dip in the 
neighbourhood of Ningpo, 8.E. 5° to 15°, the same as at Nanking. 
The rocks seem to commence with a conglomerate formed from the 
wear and tear of the older rocks, and to be succeeded by a coarse 
trappean grit of a greenish colour ; this grit is coarsely laminated, 
the cleavage-planes crossing those of bedding at high angles, and is 
used for coarse flag-stones. It often contains imbedded fragments of 
the older rocks, across which, irrespective of their structure, the super- 
induced cleavage runs. Succeeding these grits is a thick mass of 
fine-grained siliceous grits and flag-stones, often finely laminated 
and ripple-marked, and divided by vertical jomts. This series “is 
exceedingly well developed near the village of Ningkong-kiu, where 
the river, flowing along a valley formed by one of these jointage- 
planes, affords a good section on both sides. I have found no fossils 
of any sort in these rocks; they differ entirely in composition from 
the Chung-shan rocks, though, as they are identical in position, 
they may probably be referred to the same age. 

In Hunan the coal series, which there, as in Kiangsu, occurs inter- 
stratified with limestones, is supposed by Mr. Bickmore to run up 
into Red Sandstone. In Kwangtung, in the department of Hwa, 
locally called Fayune, a small coal-field, apparently covered with 
Red Sandstone, likewise occurs. In the north of the same province, 
in the prefecture of Shao-chow, coal, said to be of inferior quality, is 
likewise worked. In the north-east of the province, in the prefec- 
ture of Chao-chow, on the borders of Fuhkien, there are likewise 
coal-mines. In Chehkiang, as above-stated, in the prefectures of 
Kinghwa and Kiichow, coal-mines were worked until the distur- 
bances consequent on the Taiping rebellion; they are now reported 
as closed, and the inhabitants left to rely on foreign importation or 
to use charcoal, the latter a fuel gradually becoming scarcer with the 
increased weakness of the government. In Kiangsi, in the pre- 
fecture of Kwangsiu, coal of good quality seems to be worked from 
vertical shafts, the only means of raising it, however, employed by 
the Chinese being a common wooden winch; the mines are venti- 
lated by forcing down air through bamboo tubes. In the prefecture 
of Kanchow, in the same province, coal-mines also occur ; in fact, 
as Kiangsi may be said to represent a basin of newer rocks sur- 
rounded by a rim of the older subcarboniferous series, coal will 
probably be found to occur in the greater portion of the province. 
I have had no opportunity of examining the —— or quality of 
any of these coals. 

In Hunan, however, the most important coal-field of South China 
has long been worked ; it has also supplied large quantities of iron. 
According to Mr. Bickmore, the coal is interstratified with the lime- 
stone, representing, therefore, the older beds. What coal I have 
seen agrees in quality and structure with that from Suichang, de- 
scribed above. Hunan coal is an important article. of traffic on the 
river Yangtse—the lower provinces, though containing themselves 
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considerable quantities, being dependent on that province for their 
supplies, owing to the jealous conduct of the government. Coal 
which at the pit’s mouth costs from 70 to 100 copper cash per picul 
(say 6s. to 7s. per ton) is sold at Nanking at 750 cash per picul, or 
over 50s. per ton; the difference in price is partly owing to the 
length of carriage, some 600 miles, but principally to the heavy 
exactions levied by the local mandarins. 

The northern coal-fields of China are so important, cover such a 
vast area, and, as yet, have been so imperfectly explored that any 
more than an allusion to them on my part would be presumptuous. 
Suffice it, therefore, to say that enormous deposits are known to 
occur in Shantung, Chihli, Shansi, Shensi, and Kansu in China 
proper, as well as beyond the frontiers in Mongolia, Manchuria, and 
Shingking, where the coal-beds come down to the sea-coast. 

Above the upper coal-fields in China there seems to occur a break, 
the next series in ascending order with which I am acquainted lying 
unconformably over them, generally dipping at small angles and 
seldom rising to any height over the plains. In the Nanking dis- 
trict it commences with a series of conglomerates, and passes up into 
a light red sandstone, not unlike the New Red of many parts of 
England. These finally give place to thick beds of coarse gravel 
and sand, the gravel generally composed of pebbles from the hardest 
portions of the siliceous grits of the Tungting series. At Nanking 
this series is well shown in the Yuhwatai and Tsingliang hills, the 
latter displaying the lowest beds, the other the summit. From 
Nanking the beds extend for considerable distances to the south 
and west, reappearing at various spots in Kiangsu, Anhwei, 
Kiangsi, and Hupeh. At Tatung on the Yangtse, at the foot of the 
Wild-Boar Hills, they come down to the river, forming a series of 
bold bluffs. At Hwangchow, in Hupeh, the upper gravels are ex- 
posed likewise in a bold escarpment, running almost under the walls 
of the city ; near Hwangshihkang, again, they appear in a manner 
identical with that of their occurrence at Nanking, associated with 
dark lenticular argillaceous nodules and a few vegetable stems, which 
seem characteristic of the formation in the province of Hupeh, where 
it has a very considerable lateral extension. With the exception of 
these few imperfect stems, I have met with no fossils in the forma- 
tion, which may be of late Secondary, or even of Tertiary date, 
passing, as it appears to do, into the succeeding clays. In Kwang- 
tung, again, in the delta of the Canton river, red sandstones reappear, 
forming low hills in the valleys of the older mountain-ranges ; they 
are conspicuous in Tiger Island, above the Bogue, at the Second-Bar 
Pagoda, at Tamchow, where they are extensively quarried, and in 
most of the low hills in the neighbourhood of Canton and Whampoa. 
They are harder and darker in colour than those at Nanking, but 
appear to occupy a similar position ; like them, too, they are, so far 
as is known, unfossiliferous; nor do they appear to contain any 
mineral of economic importance. 

These sandstones are succeeded by considerable deposits of clay, 
which play an important part in the geology of central China. 

L2 
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According to Chinese cosmogony the earth was at one time inha- 
bited by tribes of dragons and wild beasts of huge size and savage 
nature. So great was the confusion which spread through the 
world, and so loud the din of their incessant combats, that Heaven, 
unwilling to stand by and see so fair a land given over to continual 
strife and bloodshed, at length interfered and swept away the whole 
creation, introducing instead the present more orderly assemblage of 
animated beings. Proofs of this are found in certain beds in the 
centre and west of China, where bones of elephants, of tigers, and of 
gigantic horses and stags are dug up in sufficient abundance to form 
a common article of commerce under the name of Lung-kuh, “ dra- 
gons’ bones,” or Lung-chi, ‘dragons’ teeth; and as these ancient 
animals were endowed with greater strength and vigour than the new 
race, Chinese philosophy holds that their remains used medicinally 
will impart to their enervated successors some of these lost qualities. 
Hence these bones and teeth, burnt and ground to powder, are admi- 
nistered in many complaints, for which they are held to be specifics. 

These bones and teeth seem to belong to a Pliocene fauna; they are, 
in some cases, beautifully preserved, showing the interior structure 
of the teeth perfectly, and seem to have been deposited in a bright 
red ferruginous clay with beds of sand and gravel. I have obtained 
specimens of the teeth of a species of elephant, probably ZL. priscus ; 
of fragments of altered ivory, probably belonging to the same ; of two 
species of horse, one with enormous curved teeth (£. curvidens? and 
plicidens ?); of an animal seemingly intermediate between Pale- 
otherium and Rhinoceros, but the teeth of which are much broken; 
of a tiger, a pig, deer, and some others, including a large deeply fluted 
tooth not unlike that of Glyptodon. Of the localities of these fossils 
I am not prepared to speak. The results of inquiries I have made 
seem to concur in pointing them out as common to most of the cen- 
tral and western provinces, and I am, from this reason, as well as 
others, inclined to connect them with the clay beds of the centre of 
China. In Ava, in the valley of the Irrawadi, and in India, on the 
slopes of the Sewalik hills, similar deposits have long been known to 
exist. Their mode of occurrence in China will probably be found to 
correspond. oe i fens 

Besides these teeth of apparently Pliocene age, I have met with a 
number of fragments of fossil ivory, apparently Mammoth tusks, in 
a completely different state of preservation, the. gelatine and animal 
matter being simply removed and leaving merely the earthy matter 
behind. No substitution of other minerals has taken place, and the 
remains adhere strongly to the tongue. These tusks are known in 
the Chinese pharmacopceia by the name of Lung-kuh, “ dragons’ 
bones.” They are broken into small fragments before being brought 
to market; but some specimens I have seen would seem to point to 
a tusk from 13 to 15 inches in diameter. I cannot speak of their 
locality. Some of the Chinese state that they come from Mongolia. 

In China the superficial deposits may be divided into two great 
classes :—the modern alluvial deposits of the great rivers, and notably 
of the Hwangho and Yangtse, whose united delta stretches from the 
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Great Wall, N. lat. 40°, to the neighbourhood of Ningpo, N. lat. 30°, 
and includes considerable portions of the provinces of Chihli, Shan- 
tung, Kiangsu, and Chehkiang; and the more ancient clay-beds, 
which form most of the plains of the interior, though even here, 
from the peculiar formation of the mountain-chains, only occurring 
in a number of isolated basins, and overlain in portions by the more 
modern alluvial deposits. 

In the valley of Yangtse these older clays divide themselves natu- 
rally from their composition into three classes: 1st, the laterite of 
Kiukiang and its neighbourhood, apparently reaching into Anhwei 
province ; 2nd, the yellow clays of Anhwei; and 3rd, the soft cal- 
eareous deposits of Kiangsu, well developed in the neighbourhood of 
Chinkiang. ‘The first seems to rest immediately on gravels, repre- 
senting apparently those forming the summit of the red sandstone ~ 
described above (p. 133), these gravels at the foot of the Lu-shan 
passing into a coarse till containing small boulder-like stones (fig. 2). 
To these succeed beds of fine sand interstratified with clay ; and over 
all are found thick deposits of a bright red hard clay, containing 
numerous vermiform cavities, and apparently precisely similar to 
the laterite of Southern and Central India. This clay is sufficiently 
hard to form bold cliffs overhanging the river Yangtse, and is so 
little affected by the action of water as to form tails of quast- 
boulders running out at several points into the river, and very 
dangerous to navigation. 

The second class forms a series of bright reddish, yellow, and grey 
clays, and is probably only a local variation of the former, as it 
varies much in appearance in different localities, forming a series of 
brick and pottery clays, and probably comprehending the famous 
porcelain clays of Kiangsi; it occurs in portions of Kiangsu, in 
Anhwei, Kiangsi, and Hupeh, besides stretching, as there is every 
reason to believe, to the extreme south and west of China. 

Both these clays are distinguished by the almost complete absence 
of lime in their composition, and both are to a considerable degree. 
ferruginous. I can at present form no idea of their thickness; but 
they have undergone in parts very considerable denudation. Inthe 
fissures and channels formed in the older limestone rocks by the 
action of water during previous ages, and up to a height of some 
hundred feet above the plains, masses of a bright red clay of appa- 
rently similar composition constantly occur, though I have not been 
able to trace the clays themselves for any considerable height; un- 
less towards the bottom, these clays are unstratified. To this for- 
mation I am disposed at present to refer the fossil bones and teeth 
spoken of above. In South India the laterite has, I believe, been 
usually referred to the Pliocene age, which would seem to harmo- 
nize with the mammalian fossils found in apparently similar deposits 
in China. 

In lower Kiangsu, and notably in the neighbourhood of Chinkiang. 
and Nanking, these older beds are succeeded, apparently unconfor- 
mably, by a mass of eminently calcareous clays of a pale yellowish 
brown colour and extremely friable texture, so readily affected 
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besides by water that most of the streams flowing down the sides of 
the hills take by preference subterranean courses. These beds are 
likewise unstratified, but seem to be roughly divisible into three 
layers, the upper and lower containing a considerable quantity of 
calcareous matter distributed through the mass, so as to effervesce 
violently with acids, while in the middle the lime and other soluble 
salts have, for the most part, segregated into long irregular nodules, 
curiously twisted and contorted, and most of them having their longer 
axis vertical. By means of this intermediate layer the beds may be 
noticed to dip at extremely small angles, and generally towards the 
south of east. Like the former, this series has suffered considerable 
denudation ; but patches of it may be seen here and there upon the 
sides of the adjacent hills to a height of about 500 feet. In Shan- 
tung a similar clay seems to form the surface-of the higher plains, 
specimens in my possession from that locality being precisely similar 
In appearance and structure. With this exception, I do not know 
of its occurrence elsewhere in China. I have met with no fossils of 
any sort in these clays, nor do I know of any which can with any 
reasonable probability be referred to them. Similar clays in India 
have, I believe, been referred to a Pleistocene date. 

Of still later date, and at the present day proceeding in their 
formation, are the alluvial deposits of the great rivers, more espe- 
cially the Hwangho and Yangtse. Within historical times the 
growth of their united delta has been so rapid, and the changes of 
the coast-line and the river-channels so numerous, that the ancient 
history of these regions seems almost incomprehensible till studied 
by the light of modern research. With the continual advance of the 
coast-line the level of the rivers in the interior seems to have been 
continually raised; and from this cause, in many localities in the inte- 
rior of the country, alluvial deposits of modern date cover up the older 
clays. In the plains of Hupeh and Anhwei the Yangtse overflows 
annually, forming large lakes, sometimes fifteen or twenty miles in 
breadth. In Kiangsi, in the basin of the Poyang lake, and in Hunan 
in that of the Tungting, similar floods occur. But it is along the course 
of the Yellow River that the effects of the gradual elongation of the 
channel are most apparent ; and in these districts, from the earliest 
dawn of history, we find the care of the embankments uppermost 
in the minds of Chinese statesmen. Tradition hands down the half- 
heroic Yu, the model of Chinese emperors, less as a politician 
or a successful general than as an engineer. The semifabulous 
Yu-kung, apparently a record more of his political arrangements than 
of his engineering labours, has, by the glosses of later commentators, 
been made to represent his struggles with and final victory over 
the two great rivers. The entire subject, however, is too wide and 
of too great importance to be taken up at the tail-end of a paper such 
as this. Count D’Escayrac de Lauture, in the ‘ Proceedings of the 
Société de Géographie’ for 1862, and more recently Mr. Pumpelly, 
as I learn in ‘Silliman’s Journal,’ have treated more or less fully 
of the changes of the Yellow River; while the Rev. J. Edkins, in 
the second volume of the ‘Transactions of the North China Branch 
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of the Royal Asiatic Society,’ has published a memoir on those of 
the Yangtse. Much information, however, still remains to be 
gleaned. 

Wherever the opportunity offered, I have made careful search for 
relics of glacial action in the south of China, but hitherto without 
success. In fact, the general appearance of the country forbids the 
hope of any such discovery, one of the most prominent features in 
the landscape, as mentioned above, being the needle-like and fan- 
tastic forms of those portions of the limestone rocks in the northern 
provinces which have escaped the solvent power of water. Of the 
appearance of the limestones in the central and eastern provinces 
the same may be said; they are everywhere pierced by holes pro- 
duced by water action ; the surface is cut up by fantastic projections ; 
and where chert nodules occur, these uniformly jut out far beyond 
their former matrix. The Chinese are much skilled in making 
rockeries of fantastic shapes; but in these eroded limestone rocks 
they find not only the materials but the pattern ready to hand. 
Almost equally characteristic of the action of water is the denuda- 
tion of the earlier grits. The mountain-sides are scored by deep 
ravines with sharp intervening crests, and present none of the rounded 
forms peculiar to glacial action. Except close to the flanks of the 
mountains, as near Kiukiang, I have never met with boulders; while 
the parallel striz which are so conspicuous in the ice-worn rocks of 
Europe seem to be entirely absent. Whether in the higher moun- 
tain-ranges of the south and west remains of ancient glaciers are to 
be found, I am not in a position to state; in none visited by my- 
self did I notice traces of their former existence. 

Reverting, then, to the topics discussed in the foregoing pages, 
the following general conclusions may be arrived at. 

First and most important seems to be the enormous development, 
both laterally and vertically, of the representatives in China of the 
sub-Carboniferous rocks of Europe. 

Secondly, the enormous extent to which they had been altered, 
contorted, and upheaved, with the accompanying intrusion of re- 
peated outbursts of igneous rocks, after the close of this period, 
and antecedent to the deposition of the newer coal-beds, classed, at 
the latest, as Triassic, and which upheaval must have left the main 
framework of the country almost in its present state. 

And, thirdly, the comparatively small importance, south of the 
Yangtse, of the deposits of Secondary or Tertiary age. With the ex- 
ception of a partial submergence during the deposition of the Pliocene 
clays, the face of southern China has probably retained, in great 
measure, a similar aspect since the upheaval of the later coal-beds— 
a time sufficiently long to have allowed the action of water on the 
limestones of the Tung-ting series to have slowly and gradually dis- 
solved and carried away a series of rocks probably 6000 feet in thick- 
ness, and extending laterally over a considerable portion of the pro- 
vince of Kwang-tung, the gentle character of the erosion being suffi- 
ciently shown by the fantastic shapes of those portions which, pro- 
bably owing to a difference in their chemical composition, induced 
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by metamorphic changes during the age of elevation which marked 
the close of the Paleozoic age in China, have hitherto resisted the 
action of the great solvent. 

Other facts of interest in connexion with the geology of the districts 
treated of are, the absence of glacial action south of the Yangtse, 
and the large deposits of rich iron-ore, together with consider- 
able quantities of coal, in the central provinces, while the careful 
study of the Tertiary and modern beds may probably at some future 
period throw light on the vexed question of the antiquity of the 
human race. 

Discussion. 

The Presipent remarked that if the South of China had been dry 
land since so early a period, the fauna might have been expected 
to resemble that of the Siwalik Hills. Among the teeth was the 
molar of a very small horse, presenting some of the characters of 
EHippotherwum or Hipparion, which might possibly be of Miocene 
date. 

Prof. T. Rupert Jonzs alluded to the general parallelism of the 
axial folds of the strata with the coast-line, and to the similar 
strike of the gold-bearing rocks in the Gulf of Petchele, and men- 
tioned that Cycadaceous remains occurred in the coal of some parts 
of Germany as in China. 

Mr. W. Bory Dawxtys remarked that one of the equine molars 
was the largest of the class he had seen. He agreed with the Pre- 
sident as to the smaller molar. He was unable, from the specimens, 
to determine whether they were Miocene or Pliocene. He men- 
tioned the discovery in the laterite of India of a portion of a human 
femur of most remarkably slender make. 

January 13, 1869. 

William Groome, Esq., B.A., of St. John’s College, Cambridge, 
was elected a Fellow; and Dr. J. F. Brandt, of St. Petersburg, Prof. 
A. E. Nordenskiold, of Stockholm, and Prof. F, Zirkel, of Kiel, were 
elected Foreign Correspondents of the Society. 

The following communications were read :— 

1. On Hyprroparepon. By T. H. Huxtey, F.R.8., Pres. Geol. Soc. 

A urrrLe more than ten years ago, namely, on the 15th December 
1858, Sir R. Murchison read a paper “On the Sandstones of Elgin ” 
before this Society. It was followed by an essay of my own “ On 
the Stagonolepis Robertson,” an animal so named by Prof. Agassiz 
in his ‘ Poissons fossiles du Vieux Grés Rouge’ from some impres- 
sions of its dermal covering which had been discovered in the Elgin 
sandstones. In the latter paper, and in notes added to both papers, 
before their publication in the middle of the following year, the fact 
that Stagonolepis was a reptile closely allied to the Mesozoic Croco- 
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dilia, though distinct from any known form of that age, was for 
the first time asserted, and, indeed, I may say, demonstrated, the 
remains placed in my hands enabling me to put the fact beyond doubt. 
At the same time I mentioned the existence in the same beds of 
“a Saurian reptile about 6 feet long, remarkable for the flattened or 
slightly concave articular surfaces of the centra of its vertebre, and 
for its well-developed costal system and fore and hind limbs, but 
more particularly characterized by its numerous series of subcylin- 
drical palatal teeth.” I named this new reptile Hyperodapedon 
Gordoni, in honour of its discoverer, the Rey. Dr. Gordon, to whose 
exertions in the Elgin country geology owes so much: and I stated 
that “its marked affinity with certain Triassic reptiles, when taken 
together with the resemblance of Stagonolepis to Mesozoic Crocodilia, 
lead one to require the strongest stratigraphical proof before admit- 
ting the Paleozoic age of the beds in which it occurs.” 

Sir R. I. Murchison admitted that his belief in the Devonian age 
of the Elgin sandstones was “ somewhat shaken” by the discovery 
of the nature and affinities of these reptilian remains. 

In the ten years which have elapsed since the papers to which I 
have referred were read before the Society, the age of the reptili- 
ferous sandstones of Elgin has been repeatedly discussed by some of 
the most eminent of English geologists, with the general result that 
while one half of the disputants produced excellent reasons for be- 
lieving them to be of Mesozoic date, the other half adduced no less 
weighty arguments in favour of their Paleozoic age. And it is 
a curious circumstance that in this Geological Siege of Troy, Priam 
has been fighting the battle of the Greeks, and Nestor that of the 
Trojans,—Sir R. Murchison, whose general geological views would 
naturally incline him to assign a later date to these Elgin rep- 
tiles, having been the sturdiest champion of their Devonian age; 
while Sir Charles Lyell, who ought to rejoice if they could be made 
out Paleozoic, has as strongly fought for their belonging to the Trias. 
Without meaning to compare myself to Achilles, I may say that 
‘under these circumstances” I thought it best to retire to my tents 
and take uo part in the fray until my paleontological armoury should 
yield more efficient weapons. And as my excellent friend Dr. Gor- 
don supplied me from time to time with new specimens, I lived in 
hope that one day or other I should be able to make an effective 
sally. - . 

No such opportunity presented itself, however, until the year 
1867, when a number of important facts came to light in singular 
coincidence, and, as I conceive, rendered the proper discussion of 
the question and the drawing of satisfactory conclusions somewhat 
easier than before. 

I may premise that the original specimen of Hyperodapedon is in 
a very bad condition, the substance of the bones and teeth being ex- 
tremely friable and decayed. It is nevertheless sufficiently clear 
that the roof of the mouth is provided with several parallel rows of 
teeth, that the edge of the ramus of the lower jaw is also beset with 

-saeseries of close-set or even confluent teeth, and that the mandibular 
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teeth bite between the inner and outer series of the palato-maxillary 
teeth. The surfaces of the teeth, however, are not sufficiently pre- 
served to enable one to make sure of the manner in which the teeth 
wear. 

For a number of years I have been acquainted with two specimens 
from the quarry opened in a Triassic sandstone at Coton End, near 
Warwick—the one belonging to the Warwick Museum, and the other 
to the Rev. P. B. Brodie, F.G.8. Each of these is an elongated jaw- 
like bone, in which are set parallel rows of conical teeth; and I have 
often compared them with the palate of Hyperodapedon, but without 
being able to satisfy myself that I was entitled to draw any positive 
conclusions from their resemblance. 

In the winter of 1866, however, the Rev. Dr. Gordon sent me 
several specimens, among which one (belonging to Mr. Grant, of 
Lossiemouth), though a very much mutilated fragment of a skull, 
presented part of the characteristic dentigerous bones of the palato- 
maxillary apparatus of Hyperodapedon; and my attention was, at 
once, forcibly drawn to the fact that the opposed faces of two of the 
rows of the teeth were worn down by attrition against other teeth. 
These two rows of teeth were placed on opposite sides of a deep 
longitudinal groove; and the planes of the worn faces converged to 
the bottom of this groove. 

On looking at the original specimen, it became clear that this groove 
corresponded with the depression into which the oral edge of the 
mandible is received when the mouth is shut. The opposed faces of 
the palato-maxillary teeth had been worn flat by attrition against the 
opposite sides of the mandibular teeth, which work between them 
as a knife-blade shuts into its handle; and it followed that the 
dentary margin of the mandible must be worn to an edge adapted to 
fit into the groove. So far as I know, no other fossil reptile possesses 
any such peculiarities; and thus this interesting fragment pre- 
sented me with new means of distinguishing the teeth and jaws of 
Hyperodapedon from those of other Reptilia. 

Some time after J had become acquainted with Mr. Grant’s new 
specimen, Mr. Lloyd, F.G.S., was good enough to call upon me for 
the purpose of showing me some specimens from the Coton-End 
quarry before mentioned, which had for many years been in the 
possession of his father, Dr. Lloyd, long well known for his atten- 
tion to the geology of Warwickshire. Among these were two bones 
beset with teeth of the same character as those which I have already 
mentioned from the same locality, but far more perfect, and pre- 
senting rows of teeth not only quite like those of Hyperodapedon in 
form and arrangement, but worn in a precisely similar way ; in fact, 
when Mr. Lloyd’s specimens were placed side by side with Mr. Grants, 
there was no resisting the conclusion that they proceeded from ani- 
mals of one and the same genus, if not species. 

I at once communicated these interesting facts to Sir Roderick 
Murchison, who refers to them in the following terms :— 

“To such fossil evidence as this the field geologist must bow; 
and instead, therefore, of any longer connecting these reptiliferous 
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sandstones of Elgin and Ross with the Old Red Sandstones beneath 
them, I willingly adopt the view established by such fossil evidence, 
and consider that these overlying sandstones and limestones are of 
Upper Triassic age.” 

Shortly after these new lights upon the structure and stratigraphi- 
cal position of Hyperodapedon had appeared, the able Director of 
the Geological Survey of India, Professor Oldham, who happened to 
be in England, drew my attention to some specimens obtained from 
Maledi, in Central India, and presented to this Society in 1860 
by the Rey. Mr. Hislop. Among these were fragments of large jaws 
with teeth, which presented all the characters of Hyperodapedon ; 
and during the past autumn I received from Dr. Oldham a consider- 
able number of similar remains, associated with those of Labyrintho- 
donts and Crocodilian reptiles. The peculiar interest of this discovery 
arises not only from the sudden, enormous extension of the dis- 
tributional area of Hyperodapedon, but still more from the circum- 
stance that Dicynodonts have been found in the same Indian strata, 
and, thus, that we get a step nearer to the determination of the age 
of the remarkable reptiliferous formations of Southern Africa, the 
Triassic or Permian age of which was already highly probable. 

The last fact which needs to be mentioned in this history of the 
gradually growing importance of the genus Hyperodapedon is the 
highly interesting and important collateral evidence as to its age 
obtained by Mr. Whitaker, who will presently give you an account 
of the precise position in the Trias of Devonshire in which a speci- 
men of the jaw of Hyperodapedon, which he brought to me a few 
weeks ago, was obtained. 

I now proceed to describe the most important remains of Hypero- 
dapedon which have come into my hands; and I shall speak first of 
the specimen on which the genus was founded, which is the pro- 
perty of the Elgin Museum, and was sent to me in L858. 

The remains of this specimen are exhibited by the opposed faces 
of broken blocks of sandstone, some of which have been separated 
by splitting along the plane in which the fossil lay. On one of 
these blocks are the indications of seventeen vertebre in a continuous 
series, though slightly disturbed from their normal position here and 
there. The bodies of all these vertebre have about the same length, 
viz. 0-9 in. or 0:°95in. ‘They are so much constricted in the middle 
as to be almost hourglass-shaped, and their terminal articular sur- 
faces are slightly concave. In most of the vertebre the neural 
arches and spines are shown indistinctly, or not at all; but the sixth 
in order from the anterior end of the series is tolerably complete, 
and exhibits a broad and not very high spine, the summit of which 
is somewhat narrower than the base. This passes into the arch of 
the vertebra, which exhibits well-developed articular processes. 
The total height of the vertebra, from the lower edge of the posterior 
articular surface to the summit of the spine, is 1-85 in., that of the 
posterior articular surface of the centrum being 0-7 in.. 

The fourteenth vertebra of the series, from its general character 
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and relations to the pelvis, is, without doubt, the principal sacral 
vertebra. The impression which it has left appears to me to have 
been formed by the outer face of the right sacral rib, Certainly not 
more than one of the three succeeding vertebra, the two hindermost 
of which are represented by little more than casts of their neural 
canals and of the region thereabouts, can have been united with the 
principal sacral vertebra to form the sacrum. 

On clearing away the friable remains of the original bone from 
the hard sandstone matrix, the latter presents casts of the external 
surface and of the neural canal of each vertebra, which, in some 
cases, are very perfect. These casts show no sign whatever of the 
deep pits which would correspond with well-developed transverse 
processes; but there is a depression at the anterior part of each 
body of a vertebra answering to what appears to have been a low 
tubercle for the attachment of a rib, as in existing lizards. 

In correspondence with this structure of the vertebra, the remains 
of a number of ribs, which have been laid bare by chiselling away — 
portions of the matrix, show no trace of a division into capitulum and 
tuberculum at their vertebral ends. The longest of them is 4 inches 
in length. Like the rib of a Monitor, its vertebral end is somewhat 
expanded; and it is so curved as to be, at first, a little concave to- 
wards the dorsal aspect; in the rest of its extent it is convex in 
that direction. 

I see no remains of true sternal ribs; but there are numerous faint 
transverse linear impressions of a system of dermal ossifications, which 
I conceive, answers to the so-called ‘‘ abdominal ribs ” of a Crocodile, 
or to the corresponding structures in Sphenodon. These, however, are 
better shown in another slab. 

To the anterior extremity of the block of sandstone which con- 
tains these vertebree (and which [I shall call No. 1) fits another, 
which bears the anterior cervico-dorsal vertebree and the skull. The 
latter is bent round so that its axis is nearly at right angles with 
that of the body. 

None of these anterior cervico-dorsal vertebree can be clearly made 
out; but they cannot have been numerous, and I doubt whether 
there were altogether more than twenty, or twenty-two, presacral 
vertebree. 

The skull had a length, when complete, of not less than 7 inches. 
It is about 5 inches broad posteriorly, but anteriorly narrows to a 
deflexed and comparatively slender snout, the diameter of which is 
not more than 1 inch. It is so disposed as to.turn its ventral aspect 
to the eye. The left ramus of the lower jaw is in place, though 
much mutilated. The right ramus is broken away, and shows the 
oral surface of the palate and maxilla, with the obscure remains of 
several obtusely conical teeth. 

On the left side, a good deal of the dentary edge of the left ramus 
of the mandible is preserved, and it is seen to be shut against the 
upper jaw, passing on the inner side of a series of mutilated teeth, 
which are fixed on the maxilla. The end of the snout presents a 
very remarkable structure. The anterior portion of the edge of each 
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maxilla curves upwards, so as to leave a deep notch between itself 
and the downwardly curved, beak-like anterior termination of the 
snout, which appears to be formed altogether by the premaxille. 
Into this notch the surface of the matrix indicates that curved up- 
ward processes of the mandibular rami fitted. Whether these pro- 
cesses, and those of the premaxille which projected between them 
over the mandibular symphysis, ended in teeth, or not, cannot be 
determined, as the extremities of the premaxillary processes are 
broken away, and the mandibular processes are represented only by 
impressions. But it is very likely that such was the case, if we may 
judge by the analogy of some existing lizards (such as Uromastix 
spinipes), which present a very similar arrangement of the extremities 
of the jaws. The two premaxille, however, are confluent in this 
lizard, while they are distinct from one another in Hyperodapedon. 

From the dentary margin the outer surface of each maxilla in- 
clines rapidly outwards, so that, even making allowance for partial 
artificial depression, the measurement from the outer margin of one 
orbit to the other is nearly double that between the dentary margins 
of opposite sides. This conformation of the upper jaw also obtains, 
though to a less extent, in Uromastix. 

The orbit was large ; but its form cannot be accurately determined, 
almost the whole of the roof of the skull being absent. There is a 
cast of a strong supratemporal zygomatic arch, formed in part by 
a prolongation backward of the jugal, and in part by a forward ex- 
tension of the squamosal, as in Uromastix. Clear indications of a 
strong quadrate bone and of a pterygoid are also visible: and the 
remains of a long slender left cornu of the hyoidean apparatus lies 
parallel with the left ramus of the mandible, on the ventral face of 
the skull. No remains of any infratemporal zygomatic arch, such 
as is found in Chelonia, Crocodilia, and Aves, are visible; but the 
existence of such a structure is very probable from the analogy of 
Rhynchosaurus. 

The remains of two broad plates of bone, not less than 33 inches 
in length, with concavo-convex surfaces and a curved free edge, 
which lie near the anterior end of block No. 1, most likely represent 
the coracoids. A large impression of about the same length, which 
must have been formed by a bone which was thin at both edges, 
thin and expanded at one end, and thick, with an excavated terminal 
surface, at the other, lies near one of the coracoids; and I take it to 
have been made by a scapula. What I suppose to be a cast of the 
corresponding bone of the other side lies upon block No. 2; and there 
are sundry scattered imperfect impressions of limb-bones, indicating 
a fore leg of no great size. The right pubis and ischium have left 
very distinct impressions of their dorsal surfaces at the hinder end of 
block No. 1. In general form these bones resemble the correspond- 
ing bones in existing lizards; and the pubis has a great prepubic 
process, as in the latter. But the pubis and ischium of the same 
side seem to have united on the inner as well as on the outer side of 
the obturator foramen, which appears to have been proportionally 
much smaller than in existing Lacertilia. 
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The pubis and ischium occupy a space equal in length to four 
vertebrae, which is a proportion very similar to that which obtains 
in existing Lacertilia. 

A distinct impression of the right femur is left almost in its na- 
tural position. It is a nearly straight and very strong bone, which 
is 4-7 in. long, or equal to more than five vertebre in length. The 
femur has a similar proportional size in Monitor and Iguana. In- 
pressions of the proximal ends of the tibia and fibula are visible, in 
such relation to the femur as shows them to have undergone very 
little disturbance. 

No certain indication of the character of the feet is discernible. 
The general arrangement of the teeth has been described. The 

downwardly convex dentigerous edge of the maxilla is 2°75 in. long, 
and appears to have carried about eighteen (or perhaps more) teeth, 
of a conical form and very closely set. The outer surface of the 
maxilla, from the dentigerous edge to the lower boundary of the 
orbit is fully an inch high, and is excavated and inclined outwards 
with a very peculiar curvature. 

The dentigerous edges of the opposite maxille converge towards 
one another at an angle of about 45°, and then become parallel as 
the snout narrows to its termination. 

No suture can be distinguished upon the roof of the mouth, be- 
tween the maxille and the palatine bones, though the boundary lne 
between the two is probably indicated by the groove into which the 
dentigerous edge of the mandible bites. The roof of the palate is 
therefore formed by a broad plate of bone, which may be called 
palato-maxillary, as it is constituted by the conjoined maxillary and 
palatine. Anteriorly this plate has a width of not more than 
0-35 in. internal to the groove, but it widens posteriorly to 0-7 in. 
Its inner edge is convex towards the middle line, roughly following 
the course of the dentigerous edge. For their anterior halves the 
two edges of the palato-maxillary bones seem to be separated by 
only a small interval ; but posteriorly they diverge widely ; whether 
the interspace was occupied by the pterygoids, or not, cannot be 
ascertained. 

The palato-maxillary plate on the inner side of the groove bears 
three (or perhaps four) longitudinal series of conical teeth, the largest 
of which are about 0-1 in. in diameter at the base. The posterior 
edge of the palato-maxillary is abruptly truncated, smooth, rounded, 
and slightly concave backwards. | 

It is upon this part of the organization of Hyperodapedon that 
Dr. Lloyd’s specimens throw such important light. One of them, which 
is smaller and more perfect than the other (fig. 1, a, B, c, D, E), exhibits 
nearly the whole of the characteristically convex dentigerous margin, 
and excavated and outwardly inclined outer face, of the palato-maxil- 
lary of Hyperodapedon. Its posterior margin is smooth and rounded 
below, exhibiting the natural termination of this part of the bone. 
The inner surface is also quite smooth, and could not have united 
suturally with any other bone. The anterior end of the bone is 
broken off transversely ; but probably very little of it is lost. As it 
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is, it measures 1-5 in. in length; and the palatine surface has a width 
of 0-25 in. in front and 0°55 in. behind. The section of the bone is 
trihedral, the outer face of the trihedron being somewhat concave, 
the inner convex from above downwards; the anterior half of the 
upper edge is thin and broken; the posterior half is a comparatively 
broad, longitudinally grooved, narrow surface. Along the bottom of 
the groove lie three apertures, which are probably vascular foramina ; 
and other such foramina lie on the inside and on the outside of the 
ridge into which the anterior half rises. One of the foramina on 
the inside is the commencement of a canal which traverses the base 
of the ridge longitudinally. 

Fig. 1.—Left palato-maxillary of Hyperodapedon. 

C D 

A. From the inside. B. From the outside. C. From above. 
D. From below. E. From behind. 

The posterior half of the oral surface of the bone presents two faces, 
which are inclined towards one another at an obtuse angle ; the wide 
valley which they include ends abruptly in a sharply cut narrow 
groove. On the outside of this groove lies a single row of fifteen 
teeth, anchylosed with the edge of the outer wall of the valley. The 
anterior eleven of these are worn down to a level with the bony 
substance of the jaw; the twelfth and thirteenth have their points 
ground away, while the fourteenth and fifteenth are entire and 
sharply pointed. 

The inner wall of the valley presents two parallel series of teeth 
—one on the middle, and one on the extreme inner edge. Traces of 
fourteen or fifteen teeth can be discovered in each series. Those of 
the middle series are, all but the very hindmost, worn down to the 
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surface of the bone, while of the inner series the four hindmost 
teeth are but little affected by wear. The teeth of the outer series 
are larger than those of the inner, the base of the largest being 
0-15 in. in diameter; the middle teeth in each series are the largest, 
the anterior and posterior diminishing in size. 

The inner two series of teeth cannot be traced as far forward as 
the outer, the inner wall of the anterior half-inch of this valley 
being so thoroughly ground down that it is converted nearly into a 
plain. It is a curious circumstance that at the posterior part of the 
inner surface the apices of four teeth appear, as if they were about — 
to protrude on this face. It is quite clear that this remarkable 
wearing down of the palato-maxillary teeth can only be explained 
by their attrition against the teeth of the mandible; and the sharp- 
ness of the groove in the posterior half of the palatal surface clearly 
shows that these mandibular teeth were themselves sharpened to a 
sort of knife-edge. 

Dr. Lloyd’s second specimen is a fragment of a larger palato- 
maxillary bone of the same (left) side. It is, however, smaller 
relatively to the original size of the bone, as some of the anterior 
portion is broken away, and the posterior edge, though nearly pre- 
served, is somewhat imperfect. The transverse diameter of the 
nearly entire posterior end is 0-8 in.; so that this bone is about half 
as large again as the foregoing, and belonged to an animal probably 
not more than half as large as the Elgin specimen. 

In this specimen the outer series of teeth is double posteriorly, 
two large conical teeth making their appearance on the outer side 
of the four which remain tolerably unworn. As before, there are 
two rows on the inner side of the groove; and anteriorly all the 
series of teeth are worn down to one flat surface with the bone 
which holds them. 

Mr. Whitaker’s specimen *, from Devonshire, is a right palato- 
maxillary bone of a Hyperodapedon of small size, probably less than 
that to which Dr. Lloyd’s smaller specimen belonged. It is in an 
imperfect condition, but shows part of a single outer series of teeth, 
and of two inner series, both completely worn down. The apices of 
four or five teeth project in two rows upon the posterior half of the 
inner face of this specimen. 

I propose to give a full account of the Indian specimens elsewhere. 
At present I merely wish to observe that, for the most part, they 
belong to animals of a larger size than the Elgin specimen, but that 
I have not yet discovered any grounds for regarding them as specifi- 
cally distinct. In the series sent by Dr. Oldham, there is a frag- 
ment of a ramus of a mandible which shows the scissor-edge cha- 
racter of the dentary margin extremely well. 

* Tam indebted to my friends the Rey. P. B. Brodie and Mr. Kershaw for 
drawing my attention to some additional examples of the Warwickshire Hy- 
perodapedon. Two of them are fragmentary palato-maxillary bones. The third 
has very much the appearance of two crushed palato-maxillary bones, with one 
ramus of the mandible of a small specimen ; but I have not been able to work 
it out fully. 
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With respect to the affinities of Hyperodapedon, there can be no 
doubt that it is very closely allied to the genus Rhynchosaurus, 
established by Prof. Owen upon a fossil skeleton from the Trias of 
Shropshire. But Rhynchosaurus has shown no trace of teeth in 
either upper or under jaw, and seems to differ from Hyperodapedon 
as Oudenodon does from Dicynodon. There is a certain analogy 
with another Triassic genus, Placodus, in the dentigerous roof of the 
palate of Hyperodapedon; but too little is known of the rest of the 
organization of Placodus to test the value of this analogy. 

I do not find grounds for assuming any special affinity between 
Hyperodapedon and Telerpeton ; nor has Hyperodapedon anything to 
do with the Thecodonts, Crocodilian or otherwise, which abound in 
the Trias. 

But it is a very remarkable circumstance that it is nearly allied 
to an anomalous lizard, Sphenodon (Hatteria), which still lives in 
New Zealand. Professor Owen first directed attention to some simi- 
larities in the construction of the skull between Sphenodon (under 
the name of Rhynchocephalus) and Rhynchosaurus. A short time 
since, however, the New-Zealand lizard furnished to Dr. Ginther, 
F.R.S., the subject for an excellent memoir now published in the 
‘Philosophical Transactions,’ in which the many anatomical pecu- 
liarities of this singular saurian were first indicated; and on perusing 
this memoir, I was at once struck with the resemblance in the 
arrangement and wear of the teeth, as described by Dr. Giinther 
in Sphenodon, to that which I had become acquainted with in the 
fossil lizard. 

I have since had the opportunity, by Dr. Ginther’s kindness, of 
inspecting his osteological and other preparations, and I have satis- 
fied myself that Sphenodon is the nearest ally to Hyperodapedon of 
all recent or fossil reptilia, except Rhynchosaurus. 

Both Sphenodon and Hyperodapedon have amphiccelous vertebree 
(those of the ancient reptile being far less fish-like than those of 
the modern one, be it noted); both have beak-like premaxille, not 
anchylosed together ; both have the inferior zygoma complete; both 
have similarly formed lower jaws; in each, a single row of teeth in 
the mandible bites between two rows of teeth fixed to a plate 
which is formed by a union of the maxilla with the palatine bone— 
a structure which is quite anomalous among Lacertians ; and, finally, 
in both, these teeth wear down to the bone of the jaw by the effect 
of masticatory attrition. 

I now proceed to offer to the notice of the Society a few general 
considerations which arise out of the facts just detailed. - 

With respect to the habits of life of Hyperodapedon, I see no 
reason to doubt that it may have been a purely terrestrial animal—~ 
though it is a very hard matter, from the structure of a Lacertian, 
to say whether it is entirely terrestrial or largely aquatic. Consider, 
for example, how nearly the aquatic and terrestrial Varant resemble 
one another, and how slight is the difference between that species 
of Amblyrhynchus in the Galapagos Islands which cannot be driven 
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into the water, and that which takes to the sea habitually. All 
that can be said is that the Lacertilia are so predominantly terres- 
trial a group, that a member of the group is to be presumed terres- 
trial, or at any rate fluviatile, unless evidence appears to the con- 
trary. True there is no evidence to the contrary in the case of 
Hyperodapedon; but, on the other hand, all that we know of its 
contemporaries and compatriots, Stagonolepis and Telerpeton, leads 
to the belief that they were terrestrial or semiaquatic. Telerpeton, 
T have little doubt, was altogether terrestrial. Sphenodon, the existing 
ally of Hyperodapedon, is a sluggish animal, which lives, in part, at 
any rate, on insects and small birds, and is said to frequent burrows 
in the sand near the sea-shore. The fact that no marine remains 
have ever been found in the deposits which contain Hyperodapedon- 
remains is negative evidence which leads in the same direction; 
and it is strongly confirmed by the association of Labyrinthodonts 
with Hyperodapedon in Warwickshire and in India,—Labyrintho- 
donts, like all other amphibia, being confined to the land and fresh 
water. 

The question of the terrestrial habit of Hyperodapedon assumes a 
great importance when the wide distribution of the genus is taken 
into consideration. It has now been discovered in the North of 
Scotland, in the centre of England, and in Central India; and if it 
were, as I doubt not it was, a terrestrial or semiterrestrial animal, 
that alone indicates the existence of a very extended mass of dry land 
in the Northern hemisphere during the period in which it lived. 
And the proof of the existence of continental land in the Northern 
hemisphere acquires increased interest when we consider the evi- 
dence which shows what period this was. 

The cardinal fact in that evidence is the occurrence of Hyperoda- 
pedon in the Coton-End Quarry in Warwickshire, as proved by Dr. 
Lloyd’s specimen. It has never been doubted, I believe, that the 
Sandstone in which this quarry is excavated is of Triassic age. It 
has yielded Labyrinthodonts and Thecodont Saurians ; and its strati- 
graphical position is such that the only question which can possibly 
arise is, whether it is Triassic or Permian. 

As next in order of value, I take the discovery of Hyperodapedon 
in the Devonshire Sandstone, the determination of which as Trias 
rests, as Mr. Whitaker will inform you, upon independent grounds. 

Thirdly comes the occurrence of the closely allied Rhynchosaurus 
in the Trias of Shropshire—a fact of subordinate value, but still by 
no means to be left out of sight. 

These facts leave no possible doubt, as it seems to me, that Hype- 
rodapedon is a reptile of Triassic age; but whether it is of exclu- 
sively Triassic age or not, and therefore whether it is, or is not, 
competent to serve as a mark of the Triassic age of the deposit in 
which it occurs, is quite another matter, and one respecting which 
it behoves us to speak very cautiously. 

Crocodiles, with the same vertebral character as those which now 
live, and not known to be distinct even from the modern restricted 
genus Crocodilus, lived at the epoch of the Greensand, or, in other 
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words, are common to two of the great divisions of geological time. 
The like is true of the Teleostean fish Berya. Moreover it has been 
seen that Hyperodapedon is nearly allied to the living lizard Sphenodon, 
—as nearly, I am inclined to think, as to its Triassic congener 
Rhynchosaurus. . And if this extraordinary form has persisted with 
so little modification from the Trias till now, why may it not have 
inhabited the dry land of the Permian, of the Carboniferous, or of 
the Devonian Epoch ? 

In discussing the question of the age of the Elgin sandstones in 
years gone by, reflections of this nature led me always to admit the 
possibility that these problematical beds might be of Devonian age ; 
for Hyperodapedon, Stagonolepis, and Telerpeton, though clearly 
allied to Triassic and Mesozoic genera, were distinct from them, and 
had no stronger affinities with Mesozoic Reptilia, than the Protero- 
sauria have (which yet are Paleozoic and not Mesozoic), or than 
some of the Labyrinthodonts of the Coal (e. g. Anthracosaurus) have 
with those of the Trias. 

Even now that Hyperodapedon is distinctly determined to be a 
Triassic genus, the possibility that it may hereafter be discovered in 
Permian, Carboniferous, or even older rocks, remains an open ques- 
tion in my mind. Considerations of this kind should have their just 
weight when we attempt to form a judgment respecting the reptili- 
ferous strata of the Karoo in South Africa, and of Maledi and else- 
where in India. 

In India, Hyperodapedon occurs associated with Labyrinthodonts, 
with Thecodont reptiles (some of which have Crocodilian characters), 
and with Dicynodonts. 

In South Africa, Hyperodapedon has not yet been discovered ; but 
Labyrinthodont and Thecodont Reptilia (some of them Crocodiliform) 
have been found, and, associated with them, abundant Dicynodonts. 

In England and Scotland, Hyperodapedon is found with Labyrin- 
thodonts and Thecodont Reptilia of such distinctly Crocodiliform 
type as Stagonolepis, but no Dicynodon has been found. 

In Wiirtemberg, Labyrinthodonts and Thecodont Reptilia, some 
of them, like Belodon, eminently Crocodilian, are associated together, 
probably with Dinosauria; but neither Hyperodapedon nor Dicy- 
nodon have yet been discovered. 

All these four faunze are connected by reptilian genera, which are 
respectively common to two of them: thus the British and the Indian 
by Hyperodapedon ; the Indian and the African, by Dicynodon; the 
British and the German by Labyrinthodon (which according to Von 
Meyer occurs in Germany). The Labyrinthodonts and Crocodiliform 
reptiles are common to all four. 

As the age of the beds in question is determined stratigraphically 
in Britain and in Germany to be Triassic, it may seem over-refine- 
ment to hesitate in declaring the African and Indian formations to 
belong to the same period; but I confess that the arguments I have 
mentioned lead me greatly to prefer some more general term, which 
should indicate a wider chronological range for the duration of the 
terrestrial fauna in question. The term Porkilitic, oRepeum used 

M 
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by Conybeare to designate the Newer Red Sandstones of this 
country, seems to me to be very fit for this purpose ; and in speaking 
of the Poikilitic period, I should like to make its earlier and later 
boundaries as hazy as possible, and to apply it exclusively to terres- 
trial conditions and to land and freshwater faune, without prejudice 
to the limits in time of the marine conditions known as Permian and 
Triassic. 

It does not appear to me that there is any necessary relation be- 
tween the fauna of a given land and that of the seas of its shores. 
The land faune of Britain and of Japan are wonderfully similar ; 
their marine faune are in many ways different. Identical marine 
shells are collected on the Mozambique coast and in the easternmost 
islands of the Pacific ; while the faunz of the lands which lie within 
the same range of longitude are extraordinarily different. What 
now happens geographically to provinces in space, is good evidence 
as to what, in former times, may have happened to provinces in 
time; and an essentially identical land-fauna may have been con- 
temporary with several successive marine faunz. 

- At present, our knowledge of the terrestrial faune of past epochs 
is so sight, that no practical difficulty arises from using, as we do, 
sea-reckoning for land time; but I think it highly probable that, 
sooner or later, the inhabitants of the land will be found to have a 
history of their own,—mixed up with that of the sea, indeed, but 
independent of it, in some such relation as the histories of England 
and that of France. 

If the terrestrial faune which I thus propose to term Povkilitie, 
were, in the historical sense of the word, contemporaneous, it would 
appear to be highly probable that, at their epoch, as at the present 
day, animals were distributed in distinct geographical provinces. 
It cannot well be a matter of accident that, with such uniformity in 
general facies, there is such diversity in detail between the four faunze 
{ have mentioned. And itis very interesting to remark that, just as 
at the present day, the Poikilitic fauna of India had distinct and 
independent relations, on the one hand, with that of Europe, and 
on the other with that of South Africa. 

But I am disposed to think that there is a bees connexion than 
that of mere analogy between the geographical distribution of ter- 
restrial animals in the Triassic epoch and that which obtains at the 
present day. 

In the famous sandstones of the Connecticut valley, in North 
America, neither bones nor teeth have yet been discovered ; but the 
foot-tracks show that either ornithoid Sauria, or true birds, or most 
probably both, existed in the Poikilitic period. Some of these bird- . 
like creatures, such as the Brontozoum, were of gigantic size. 
They were associated with true reptiles, some of which, very pro- 
hably, resembled the Hyperodapedon and Rhynchosaurus of western 
Europe. 

With these facts before one’s mind, how striking do the characters 
of the existing fauna of New Zealand appear! Its one characteristic 
reptile 1s Sphenodon, so extraordinarily similar to Hyperodapedon ; 
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its most characteristic birds are the giant Dinornithide, some of 
which were competent to keep stride with the Brontozoum itself. 

What if this present New Zealand fauna, so remarkable and so 
isolated from all other faunz, should be a remnant, as it were, of 
the life of the Poikilitic period which has lingered on isolated, and 
therefore undisturbed, down to the present day ? 

I am quite aware that a host of difficulties may be opposed to this 
suggestion; but these all seem to me to be rather of the nature of 
questions which cannot be answered for want of information, than 
of objections formidable in themselves. For example, mammals 
existed in the Poikilitic epoch. Why did none of these inhabit the 
New-Zealand area and survive to the present day? Again, how 
comes it that the solitary amphibian of New Zealand is a Frog 
allied to those of South America, and not a Labyrinthodont? 
And why are the freshwater fishes also allied to, and, in one case, 
specifically identical with those of South America*, instead of 
resembling Triassic Ganoids ? 

I cannot give a direct answer to these questions, but I can show 
that analogous difficulties exist in cases where there can be no sort 
of doubt as to the origin of a fauna. Thus there can be no doubt that 
the fauna of Ireland is derived from the same source as that of 
Europe; but just as New Zealand is devoid of the class Mammalia, 
s0 is, or was, Ireland devoid of the class Reptilia; again, there is 
no indigenous British Ganoid or Siluroid freshwater fish, though 
both occur in the rivers of Central and Eastern Europe. 
May it not be possible that causes similar to those which have shut 

out whole groups of Vertebrata of the European fauna of the pre- 
sent epoch from the British region, operated upon New Zealand in 
the Poikilitic period and caused its fauna to represent only a fraction 
of that of neighbouring lands? Or may it not be possible that causes 
such as those which determined the extinction of the indigenous 
horse, Macrauchenia, Toxodon, Glyptodon, &c. of South America, while 
they left multitudes of other genera alive, have similarly weeded 
down the fauna of New Zealand, and that investigations in the caves 
and superficial deposits of that country will yield forms which now 
no longer exist there ? 

I mention these possibilities simply for the purpose of showing 
how much greater value attaches to the positive similarities between 
the New-Zealand Fauna and that of the Trias than to their negative 
differences. 

Finally, I may remark upon the complete modification of former 
ideas respecting the supposed poverty of life during the Poikilitic 
epoch which has been effected by the discoveries of late years. 

It is now clear that all the five classes of the Vertebrata, viz. 
Mammalia, Aves, Reptilia, Amphibia, and Pisces, were represented 
at this epoch. The mammals were apparently Marsupials, not 
Monotremes. Of the birds nothing is known. Of reptiles, we have 
Dinosauria, Crocodilia, Dicynodonts, Lacertilia of several forms, Ple- 

* T state these remarkable distributional facts on the high authority of Dr. 
Ginther, F.R.S. 
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siosauria, and perhaps Ichthyosauria; of Amphibia, a great number 
of Labyrinthodonts, some of which were of enormous size ; a fishes, 
Ganoids and Elasmobrancxs. 

So long as mammals and birds were known to occur no “pacclieg 
back than the older Tertiaries, or the middle Mesozoic rocks, it might 
be legitimate to imagine that they came into existence somewhere 
between that time and the end of the Paleeozoic series. But now that 
both are to be traced back to the Trias, that it is known that the Cro- 
codilian and Lacertian types of reptiles were then in existence, and 
that the Amphibia were elaborately represented, I confess it is as 
possible for me to believe in the direct creation of each separate form 
as to adopt the supposition that mammals, birds, and reptiles had no 
existence before the Triassic epoch. Conceive that Australia was 
peopled by kangaroos and emus springing up ready-made from her 
soil, and you will have performed a feat of imagination not greater 
than that requisite for the supposition that the marsupials and great 
birds of the Trias had no Paleozoic ancestors belonging to the same 
classes as themselves. The course of the world’s history before the 
Trias must have been strangely different from that which it has 
taken since, if some of us do not live to see the fossil remains of a 
Silurian mammal. 

Discussion, see p. 157. 

ee 

2. On the Succession of Brps in the “‘ New Rup” on the Sourn Coasr 
of Drvon, and on the Locatity of a New Srrcimen of Hyprro- 
paPEDoN. By Witir1am Wuiraxer, B.A. (Lond.), F.G.8., of the 
Geological Survey of England. 

Tue following account of the successive beds that are shown in 
the “ New Red” cliffs of South Devon, is from notes taken during a 
holiday-walk along that coast last September, and it has been drawn 
up at the request of Prof. Huxley, in order to mark the strati- 
graphical place of the Hyperodapedon jaw from near Budleigh 
Salterton. 

I believe that the only paper which treats of the order of these 
beds is a full report of two lectures by Mr. Pengelly, F.R.S.* To 
this I refer the reader for a more detailed account of the composi- 
tion of the various “ red rocks.” 

Owing to the dip, lower and lower beds rise to the surface south- 
westward, so that an almost continuous section is given. 

The occurrence of the uppermost part of the “‘ New Red ” near the 
eastern boundary of the county, and ‘its passage upwards into the 
lias, have been noticed by Sir H. De la Beche }, and more fully by 
Mr. Pengelly t+; but the cliffs here are so much hidden by fallen 

* Trans. Plymouth Inst. for 1862-63 and for 1864-65. 
t Trans. Geol. Soc. Ser. 2, vol. i. p. 42, and Plate 8 (1822). Report on the 

Geology of Cornwall, Devon &e. p. 209 (1839). 
t Trans. Plymouth Inst. for 1864 65, pp. 33-36. 
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masses, that little is to be seen below the “ White Lias” until we 
pass to the west of the great landslip of 1839 at Dowlands. The 
cliff is then clearer, and shows a set of evenly-bedded greenish clays, 
with black shales, stone-beds, and layers of hard marl (Rheetic Beds). 
Here Mr. Pengelly found the well-known bone-bed. Lower down 
some of the layers of clay have a reddish colour; and there is a 
passage downwards into “‘New Red” marl, which has greenish layers 
in its top part. The beds rise westward in gentle waves, bringing 
up lower beds in that direction, and the green layers decrease in 
number downwards, until at the mouth of the Axe there are but a 
few thin ones, nearly all the marl being of the usual deep red. This 
section, therefore, shows a passage from the “New Red” into the 
Rhetic Beds, and favours the view that the latter may be classed 
with the former just as well as with the Lias. 

Leaving out these passage-beds, however, the red marl of Seaton 
is the uppermost part of the “ New Red” of the South Devon coast ; 
and it is, I believe, the only part that crops out along the cliffs west- 
ward to Sidmouth, where red sandstone rises up from beneath it in 
the cliff just east of the river. As the Greensand rests unconform- 
ably on the “‘ New Red,” it would be difficult, and perhaps impos- 
sible, to measure the thickness of the marl, and the more so as the 
section is much hidden by fallen masses. 

This highest bed of marl does not come down to the sea-level 
westward of Sidmouth, and, indeed (except for a small patch 
noticed by Mr. Pengelly above the sandstone in Ladraham Bay), 

Fig. 1.— View of High Peak from the East. 
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6. Greensand (overgrown, rough slope). 
2. Red Marl, much furrowed by streams &c. 
3. Red Sandstone, roughly bedded, much less furrowed. 

ends off altogether in about a mile and a half. It forms, however, 
the greater part of High Peak, a fine mass, which is a good example 
of the way cliffs weather from above (fig. 1). The sandstone at the 
bottom is able to withstand the direct assault of the sea better than 
the marl above to resist the gentler attacks of subaérial actions; the 
marl is worn away into a number of furrows that mostly end at the 
top of the sandstone, which latter also forms a large isolated rock, 
surrounded by the sea (except at low water ?). 
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The sandstone forms the whole of the cliff from Ladraham Bay to 
Budleigh Salterton, and on the left bank of the Otter it has, in parts, 
a brecciated character. 

At Budleigh a bed of quartzite-pebbles, the thickness of which 
has been estimated at about 100 feet, crops up from below the sand- 
stone, and rises westward to the top of the high cliff. This pebble- 
bed has been described by Mr. Vicary *, and the fossils of its pebbles 
by Mr. Salter +; so that no more need be said of it here. 

Less than a mile from Budleigh a second thick mass of red marl 
occurs, and rises up from below the pebble-bed. In another mile 
a second bed of sandstone succeeds the marl, and forms the low 
headland of Straight Point+t, halfway between the Otter and the 
Exe. 

At the point of the headland the sandstone contains a thin bed of 
fine breccia; and on the western side it is underlain by a bed of 
marl 20 or 30 feet thick, which is succeeded by sandstone with 
beds of marl, from below which again, as the cliff turns at right- 
angles westward, marl rises. This last contains a few beds of 
sandstone, is a thick mass, and occurs for some way further. 

West of the “‘ Highland of Oscomb” (on the Ordnance Map), 
where the cliff turns northward for a little way, another bed of sand- 
stone crops up, and is soon underlain by a last bed of marl. 

Westward a tract of blown sand hides the rocks ; but just out of 
Exmouth there is a low cliff of sandstone, most likely the top part 
of the sandstone and breccia on the other side of the Exe; indeed 
Mr. Pengelly has shown§ that it must be so, from the fact that “in 
the undercliff, known as the ‘ Plantation,’ below, and east of Beacon 
Terrace, the marl is found lying conformably on the conglomerate” 
(= breccia). 

On the western side of the Exe we first meet with breccia, form- 
ing Langstone Point ||, with its natural arches. Thence to Dawlish 
the cliffs are of sandstone with layers of breccia; and beyond this 
the latter increases at the expense of the former, until, north and 
south of Teignmouth, the cliffs are almost wholly formed of it. Of 
this singular thick mass of breccia, the lowest part of the “New Red” 
of Devon, Mr. Pengelly says, ‘““ We have in Torbay conglomerates 
[= breccias] and sandstones, with a few thin layers of marl. There 
is no very decided order of succession; but on the whole the sand- 
stones may be said to preponderate. Wherever the base of the for- 
mation is seen, however, it consists of very coarse conglomerate. . . 
From Petitor . . . to near Dawlish the cliffs consist of conglo- 
merates, with a few beds of sandstone ” 4. 

In the above sketch, which is summarized in the section (fig. 2), no 
notice has been taken of the few faults that occur: these are nearly 
all very small, and none are of importance. 

* Quart. Journ. Geol. Soc. vol. xx. p. 383. 
ft Quart. Journ. Geol. Soe. vol. xx. p. 386, and Geol. Mag. vol. i. p. 5. 
}~ Not named on the Ordnance Map. 
§ Trans. Plymouth Inst. for 1864-65, p. 34. 
|| Not named on the Ordnance Map. 
§| Trans. Plymouth Inst. for 1862-63, pp. 15, 16. 
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* Trans. Plymouth Inst. for 1862-63, pp. 28-30, and for 1864-65, pp. 40-46, 

the whole formation may have a thickness of four miles or more *, 

and Trans. Devon. Assoc. of Lit. Sci. & Art for 1863. 

culation (from the dip and breadth of outcrop), according to which 
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although he allows that this is most likely much too great an esti- 
mate. We may safely say, however, that the total thickness is 
some thousands of feet. 

—— 

The spot that yielded the jaw of Hyperodapedon, the first and, as 
yet, the only fossil of the “New Red” of Devonshire, is on the left bank 
of the Otter, just above its mouth, where the sandstone is somewhat 
brecciiform. The specimen was in alarge block which had fallen 
from the low cliff that bounds the estuary, and was found by my 
friend Mr. J. Reid, of Canterbury, and myself. 

The stratigraphical position of the fossil is therefore the lower 
part of the uppermost bed of sandstone (No. 3 of section), and con- — 
sequently it belongs to the upper part of the formation. 

That the upper part of the “ New Red” of this county belongs to 
the Trias is clear from its passage upwards into the Lias; and as the 
different divisions seem to succeed each other conformably, we are 
led to infer that they all belong to the same formation, although the 
lowest division is more like the Permian of some districts. Mr. Pen- 
gelly has gone into the question of the age of the breccia of Teign- 
mouth &c. in detail *; and it will be well to give the leading points 
of his argument, which are as follows, to state them in as few words 
as possible :— 

The Dartmoor granites are thought to be of three different ages, the 
newer cutting through the older. All of these send veins into the 
Carboniferous rocks, “and are therefore newer than that formation. 
Fragments of all three granites have been found in the “ New-Red” 
breccia. Therefore, between the time when the Carboniferous rocks 
were consolidated and the time when the “‘ New Red” began to be 
deposited, the following events must have taken place:—1. All the 
three sorts of granite must have been successively formed. 2. The 
thick crust above them must have been denuded to allow of pebbles 
being worn out of them. These things must have taken vast time 
—time so great as to make it very unlikely, if not impossible, that 
even the lowest part of the red rocks can be Permian. 

The above reasoning seems conclusive, as far as it goes, and indeed 
can only be shaken by attacking the data on which it is founded. 
One of these data is a tacit assumption that there was no very great 
time, geologically speaking, between the close of the Carboniferous 
and the beginning of the Permian period. My colleague, Mr. Hull +, 
has since shown, however, that in Lancashire and Yorkshire there 
is a great unconformity between the rocks of those ages, and that 
the Carboniferous rocks have in parts been denuded to the extent of 
very nearly 10,000 feet in vertical thickness, and perhaps at one 
part to the extent of more than 19,000 feet, before the deposition of 
the Permian beds. When it is remembered that this great denuda- 

* Trans. Plymouth Inst. for 1861-62, pp. 27-30, and Presidential Address 
to he Devon. Assoe. of Lit. Sci. & Art, 1867. 

ft Quart. Journ. Geol. Soc. vol. xxiv. pp. 827-329. 
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tion also implies the previous consolidation and uptilting of the beds, 
I think it must be allowed that very great time passed between the 
two periods. Perhaps, therefore, the Devonshire breccia may be 
older than has been thought. At first Mr. Pengelly classed the 
lower part of the Devon ‘“‘ New Red” as Bunter (the lowest division 
of the Trias); but afterwards the conformity of the beds, without 
any apparent break, led him to think that all must belong to one 
division of the Trias (unless all three are represented), and that one 
the uppermost (Keuper), on account of the passage up into the Lias. 

As to the beds with which we are here concerned, from their 
being the resting-place of Hyperodapedon, there can be little doubt 
that they belong to the Keuper; indeed Mr. G. W. Ormerod, F.G.S., 
has inferred, from the occurrence of ‘‘ waterstone-beds” and of 
pseudomorphs of rock-salt crystals, that the whole of the beds east 
of Exmouth (that is, all except the great breccia &c. of Dawlish and 
Teignmouth) are of this age*. I think however that it would be 
hardly safe to conclude that all the “New Red” of Devonshire 
belongs to one member of the Trias, or even that its lowermost divi- 
sion may not be a glacial breccia of Permian age. 

DiscussIon. 

Sir R. I. Murcutson argued in favour of the overwhelming im- 
portance of palzontological evidence, and maintained that Hypero- 
dapedon was Triassic. He objected to the use of the term “ poiki- 
litic,” which was merely indicative of the spotted character of the 
beds, and protested against the mingling of the Permian and Triassic 
series. 

Sir Cuarxes Lyrtt, referring to the occurrence of Hyperodapedon 
with Stagonolepis and Telerpeton in the uppermost sandstones of 
Elgin, remarked that he came to the conclusion that these beds were 
Triassic in 1859, and that Mr. Symonds had in that year stated 
them to be the equivalents of the Rhynchosaurus-sandstones of 
Shropshire. 

Professor Ramsay regarded the Red Marls and Sandstones de- 
seribed by Mr. Whitaker as Keuper, and the lower members of his 
section as of Permian age. He confirmed Prof. Huxley’s views as 
to the existence of a great extent of continental land at the epoch 
when Hyperodapedon and the Reptiles associated with it were in 
existence, and remarked that these Reptiles inhabited the shores of 
the great salt lakes of the Triassic land. He objected to the use of 
the term “ poikilitic,”’ and remarked that if the idea embodied by 
Prof. Huxley under it were to be accepted, it would have to be 
extended to all terrestrial deposits from the Silurian period to the 
present day. 

Dr. Ginruer referred to his description of Sphenodon (= Hat- 
teria), and remarked that in that genus there are uncinate processes 
on the ribs, as in Birds, which do not exist in Hyperodapedon. He 

* Trans. Devon. Assoc. Lit. Sci. & Art for 1868, and Quart. Journ. Geol. Soc. 
vol. xxv. p. 50 (February 1869). 
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remarked upon the resemblance of the beak in the latter to that of 
the Tortoises, especially Trionyx, and suggested that the jaws might 
have had a horny covering. 

Dr. Meryon inquired as to the implantation of the teeth in the 
jaws of Hyperodapedon, and suggested that the position and direc- 
tion of the orbits were not accordant with terrestrial habits, and 
also that the absence of processes on the ribs indicated a flexibility 
of the body consistent with a fluviatile mode of life. 

Prof. Huxtry showed that no conclusion could be drawn from the 
want of processes on the ribs or the position of the orbits as to the 
habits of the animal, and remarked that the processes in Sphenodon 
were not anchylosed to the ribs; he considered it possible, but not 
probable, that the jaws had a horny covering. He stated that in 
using the term “ poikilitic,’ he was desirous of indicating that 
while several marine formations with changing forms of life suc- 
ceeded each other, the terrestrial fauna may, in certain cases, have 
been continuous. He believed that terrestrial forms were at least 
as persistent as marine. 

Mr. CarrurHers remarked that the Permian vegetation showed 
Mesozoic affinities, and in fact that the commencement of the Meso- 
zoic flora was to be sought in the Permian. é 

January 27th, 1869. 

Arnold Lupton, Esq., Salter Gate, Chesterfield, and Dr. George 
Rogers, of Longwood Asylum, Bristol, were elected Fellows of the 
Society. 

The following communications were read :— 

1. Notes on Graprorires and allied Fosstts occurring in IRELAND. 
By Wituram Heriier Barry, F.LS., F.GS. 

Tue remarks I am about to offer upon a group of fossils of great 
importance in determining strata of Silurian age is principally 
intended to record the species I have been enabled to identify in Inish 
strata. I shall avoid discussing the question as to the exact position 
Graptolites occupy in the animal kingdom, except to observe that 
the preponderance of evidence is in favour of their alliance with the 
Hydrozoa; nor will I give any details of their structure, this subject 
having been lately so ably discussed by Mr. William Carruthers in 
the new edition of ‘ Siluria,’ and in his paper entitled ‘“‘ A revision of 
the British Graptolites’’*. Dr. H. A. Nicholson has also added con- 
siderably to our knowledge of this interesting group of extinct Zoo- 
phytic organisms. 

I will now briefly allude to the localities in Ireland where these 
fossils occur, nearly all of them having been visited by me, and 

* Geological Magazine, vol. v. p. 64 (1868). 
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numerous specimens examined in connexion with my duties on the 
Geological Survey of that country. 

Commencing with the south of Ireland, the first place to be 
noticed is in the county of Waterford, on the banks of a stream 
called the Dalligan river, five miles N.E. of Dungarvan, where 
dark grey argillaceous shales occur full of the small diverging 
Graptolite, Didymograpsus sextans, Hall; they were first discovered 
at this place by Mr. Charles Galvan, of the Geological Survey. In 
the list of fossils, appendix to ‘ Siluria,’ 1867, the geological range of 
this species is limited to the Llandeilo group of rocks. Proceeding 
towards the city of Waterford, at Lady Elizabeth’s Cove, in Tramore 
Bay, highly inclined black slates dipping 80° N.E. may be seen on 
the shore just below high-water mark, penetrated by a greenstone 
dyke and in close proximity to rocks containing a profusion of fossils 
of Caradoc-Bala age; these slates are of a dull earthy character, 
much impregnated with pyrites, and yielded the following species :— 

Graptolithus Hisingeri, Carruthers (= | Diplograpsus pristis, Hisinger. 
sagittarius). Climacograpsus bicornis, Hall. 

*Didymograpsus sextans, Hall. Dicranograpsus ramosus, Hall. 
Cladograpsus gracilis, Hal/. 

together with the following reticulated and many-branching forms, 
the affinities of which to Graptolites I agree with Mr. Carruthers in 
considering to be very doubtful,— 

Dictyonema, sp. Dendrograpsus flexuosus or diffusus. 
Callograpsus elegans or Salteri. 

At a second locality, in Tramore Bay, Diplograpsus pristis occurred 
in grey slate, associated with Trilobites. 

A little north-west of the town of Waterford, on the left bank of the 
river Suir, are cliffs 150 feet in height, composed for the most part 
of unfossiliferous Silurian flags and slates, penetrated by masses of 
Greenstone Porphyry ; at the base of the cliff, which is here called the 
Bilberry rock, a mass of much-jointed and finely laminated dark grey 
slates, highly inclined, and in some parts stained red and yellow, 
were to be seen when | visited the place some months since; as, 
however, it, with the flaggy beds immediately adjoining, was being 
quarried away, this fine Graptolite-locality may soon disappear, or 
has perhaps already disappeared. These slates are crowded with 
well-defined, although much compressed Graptolites; and as the 
layers separate with great facility, good specimens were readily ob- 
tained. The species are few, but abundantly repeated, Diplograpsus 
pristis being the most numerous: it occurs with prolonged axis and 
proximal termination. The next species in point of numbers is a 
diverging form, the initial process being well shown in some examples 
which I believe to be identical with the species Dr. Nicholson figures +, 
and refers to Didymograpsus (Graptolithus) flaccidus, Hall. Mr. Car- 
ruthers has described this species under the name of Didymograpsus 
elegans, doubting its identity with Hall’s species ; I agree with him 

* The asterisks prefixed to species indicate their comparative abundance. 
t+ Annals and Magazine of Natural History, ser. 4, vol. i. pl. 3. fig. 14, 



160 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. (Jan. 27, 

in believing it to be distinct, the proportions of the polypary being 
much greater, and the number of serratures to the inch not much 
more than half those in G. flaccidus as described by Professor Hall. 
The only other species observed at this place was a single-celled 
form, which I have with some hesitation referred to G. Hisingeri 
(=sagittarws). 

At Newtown Head, Waterford Harbour, a single-celled Graptolite 
occurs sparingly with numerous Caradoc-Bala fossils; this I have 
doubtfully referred to G. priodon. 

In the adjoining county of Wexford there are several good Grap- 
tolite-localities, mostly in rocks on the shore of Courtown harbour. 
At Ballymoney, near Gorey, black slates occur with Diplograpsus 
pristis, much distorted by cleavage; and a little south of Ballymoney 
fishery the following species were collected,— 

Graptolithus Hisingeri? (=sagittarius). | Diplograpsus mucronatus. 
Didymograpsus sextans. . teretiusculus. 

flaccidus. Dicranograpsus ramosus. 
Diplograpsus pristis. 

At Ballinatray, near Gorey, fine examples of Dicranograpsus ramosus 
were collected. West of Ballinatray the black slates, much distorted 
by cleavage, contain an abundance of Diplogrupsus pristis, accom- 
panied by Cyrtograpsus gracilis; and a little south of Breanoge 
Head, near Courtown, a Graptolite, which I have referred to G. 
Sedgwicki, was collected by Mr. Galvan from a compact greenish 
slaty rock, such as Graptolites are not usually found in. At Tin- 
naglogh, four miles N.N.E. of Duncannon, Wexford, the black argil- 
laceous slates abound with Diplograpsus pristis in a very perfect 
condition, showing prolonged axis and proximal termination. At 
Churchtown, one mile north of Tagoat, and about 7 miles 8.8.K. of 
Wexford, the remarkable little branched Graptolite Didymograpsus 
caduceus, Salter, is not uncommon, accompanied by what I believe to 
be Graptohthus Hisingeri (=sagittarius), and associated with fossils 
of Caradoc-Bala age. 

In the south-west of Ireland a few miles north of the city of 
Limerick, and near Six-mile Bridge, in the-county of Clare, a re- 
markably rich locality for Graptclites was discovered by Mr. G. H. 
Kinahan, of the Geological Survey of Ireland, on the western 
flank of the Slieve Bernagh mountains. The rocks consist of black- 
argillaceous slates, readily separating into lamine; the fossils are 
disclosed in the most perfect condition, the prevailing species being 
Diplograpsus pristis in all its varieties, resulting from pressure in 
various directions: examples having very long filamentary processes 
proceeding from the mouth of the cells appear to me to be identical 
with Hall’s figures of D. mucronatus; this and D. dentatus, Brongniart, 
may, however, be only a more perfect condition of D. pristis. It is 
probable that the bodies I have figured and described as T'heca come- 
toides, from this place*, may be, as suggested by Mr. Carruthers, 

* Journal of the Geological Society of Dublin, vol. ix. 1861, pl. 4. fig. 8. 
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gonophores or generative buds of Graptolites (possibly of D. pristis), 
and that they are analogous to those of the Sertularide, as in Sertu- 
laria fallax, pumila, &e.* 

The following are the species from this locality. 

*** Diplograpsus pristis. common at this locality, is easily 
— mucronatus, prob. synonym. recognized from Hall’s figuret, as 

bicornis, Hall, with appendages characterizing the Utica slate and 
at the proximal end as figured by Hudson-River groups: of the single 
Mr. Carruthers under the name of | _ serrated forms, the remaining species 
D. pristis. are 

Didymograpsus sextans. Graptolithus Hisingeri (=sagittarius). 
*Cyrtograpsus gracilis (Hall). This tenuis. 

pretty branching species, not un- 

About one mile and a half from this locality, and two miles south- 
west of Broadford, in the same county, single-celled Graptolites only 
were collected; these I have referred to G. priodon. 

In the townland of Kilnacreagh, three miles east of Six-mile 
Bridge, the species observed were Graptolithus priodon and tenuis, 
with a diverging form referred to Didymograpsus Forchhammert, the 
accompanying fossils being of an Upper-Silurian type. 

At afew other places in the same county, and near to the last- 
named locality, there are similar Graptolites associated with Upper- 
Silurian fossils, as at the Townland of Glenagross, three miles and a 
half E.S.E. of Six-mile Bridge, where Graptolithus priodon is found 
associated with Cardiola imterrupta and a Crinoid allied to, if not 
identical with, Actinocrinus pulcher, a Wenlock species. 

At ‘Trough Cottage, Clare, 6 miles east of Six-mile Bridge, Grap- 
tolithus priodon occurs associated with the same Crinoid. Halfa mile 
EK. of the preceding locality, in the same townland, Graptolithus 
priodon and G. tenuis were the species observed. 

In the adjoining county of Tipperary, Mr. A. B. Wynne (now of 
the Geological Survey of India), whilst surveying the district, dis- 
covered many fossil localities ; at several of them Graptolites occurred 
associated with Upper-Silurian fossils, such as Huomphalus discors, 
Cardiola fibrosa and interupta, Orthoceras, &c. Graptolithus priodon, 
the characteristic Upper-Silurian species, and most abundant of the 
single-celled forms, occurs at the following localities in this county, 
viz.:—at Boosnafarney; Cloncannon; Big Park, near Latteragh ; 
Knocknagoogh, 8.E. of Latteragh, in profusion; N.W. of Barnane 
House in an uncompressed state; Garrangreena; Gortnaskea; Cur- 
reeny common, &c.; and, accompanied by Graptolithus tenws and 
Graptolithus Hisingert (=sagittarius) at Reaghfadda. 
The pretty little branching species, Cyrtograpsus hamatus, Baily, 

sp.t, was collected by Mr. Wynne at Garrangreena and Kilmacuddy, 
in the same county. 

On Knockshigowna Hill, nine miles north-west of Roscrea, Tip- 

* Johnston’s British Zoophytes, 2nd edition, p. 72, fig. 12, p. 73, pl. 11. 
figs. 2-4. 
+ Palzontology of New York, vol. i. pl. 74. fig. 6. 
+ Journal of the Geol. Society of Dublin, vol. ix. pl, 4. fig. 6. 
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perary, Graptolithus priodon is remarkably abundant in close prox- 
imity to fossils of an Upper-Llandovery type. 

With the permission of the Society, I shall reserve for another 
occasion the continuation of this subject, when I hope to have been 
able to complete my examination of localities in the north of Ireland, 
some of which are of great interest. 

Discussion. 

Mr. Carrurners remarked that while almost all observers have 
referred these creatures to the Hydrozoa, there was an impression 
abroad, founded on a misconception of a remark of Prof. Huxley’s, 
that he classed them as Polyzoa. He had, however, Prof. Huxley’s 
authority for saying that he did not so regard them. 

2. Notice of Puant-REMAINS from beds interstratified with the Basaur 
in the county of Antrim. By W. H. Batty, Esq., F.G.S. 

(Abstract.) 

Tue deposit referred to by the author was discovered by the late 
Mr. G. V. Du Noyer in cuttings of the Northern Railway of Ireland, 
near Antrim ; the plant-layer consists of a red clay deposit from 4 to 
8 inches in thickness, separated by a bed of 10 or 12 feet, contain- 
ing nodular iron-ore, from the underying basalt, and by earthy beds 
of about equal thickness from the superficial basaltic rock. 

The author regarded a large cone as that of a true Pinus, and 
branches of another coniferous tree as belonging to a Sequoia nearly 
allied to S. Sternbergi, Heer; of this species he thought a small 
imbricated cone might possibly be the fruit. Other fragments of 
Coniferz seem to belong to Cupressites or Tawites. The fossils consist 
chiefly of leaves of true Dicotyledonous plants. The author com- 
pared some of them with species of Rhamnites, Olea, Fagus, and 
Quercus. Leaves of endogenous plants, such as Sedges and Grasses, 
occur not unfrequently. A large mass of fossil wood of dicoty- 
ledonous structure was obtained from the hematitic deposit. Seed- 
like bodies are also found. The plant-remains are accompanied by 
by a few elytra of Beetles. 

The author remarked that these plant-remains differ as a group 
from those of the island of Mull. Their alliance appears to be with 
Mid-European forms; and they are certainly of Upper-Tertiary age, 
probably Miocene. 

Discussion. 

Mr. Carrutuers observed on the difficulty of determining species, 
or even genera, satisfactorily, from such fragmentary evidence as 
that adduced by Mr. Baily. He considered that the small cone 
did not belong to Sequoia, inasmuch as the cone of Seguota was not 
composed of imbricated, but of adnate, peltate scales. The wood 
was not only dicotyledonous, but coniferous. 
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Mr. Davin Forses remarked that the existence of this leaf-bed 
would formerly have been regarded as affording grounds for belief 
in the non-igneous origin of basalt. He had, however, made ex- 
periments as to the non-conducting-power of clay, and had found 
that even half an inch of clay was sufficient to protect vegetable 
forms from destruction by the heat of a mass of slag allowed to 
flow over them. In the same manner he had found the forms of 
leaves still preserved under the lava of Vesuvius and other active 
volcanoes. 

Mr. R, H. Scorr called attention to the work of Dr. Heer on the 
specimens brought home from Greenland by Mr. Whymper, among 
which he had recognized the fruits of various plants which had 
already been identified by him from the leaves. The connexion 
between these beds and those of Bovey Tracey, Oeningen, and other 
Miocene deposits throughout Europe was now proved ; and the col- 
lections just brought home from Spitzbergen by the Swedish Polar 
Expedition would throw further light on the subject. No doubt 
further discoveries would also be made of a similar character in the 
north of Ireland. He pointed out the similarity between the Irish 
section and those of Greenland, where vegetable remains were also 
found interstratified with basalt. 

3. Remarks upon the Basatt Dyxss of the Matnuanp of INDIA opposite 
to the Istanps of Bompay and Satsetre. By Grorez T. Crarx, 
Ksq., F.G.S. 

Te following remarks are the result of observations made during 
the years 1845—6—7 upon the trap rocks of a part of the Bombay 
Presidency. They were laid aside as being, at that time, of no great 
interest in England, and are slightly alluded to in a letter from the 
writer to Dean Buckland, not intended for publication, but which 
was printed in the Quarterly Journal of the Geological Society for 
January, 1847 [vol. iii. p. 221]. 

The paper now offered to the Society was written in that year. 
Some recent remarks by Mr. A. B. Wynne upon the letter to Dr. 
Buckland induce the writer now to bring it forward. Whatever value 
it may possess is derived chiefly from the fact that it relates to a 
district but little known, geologically, and which, from the difficul- 
ties of climate and other local circumstances, is less accessible than 
might be expected from its easy distance from Bombay. 

The physical features of Western India are very peculiar. The 
surface of the peninsula rises very gradually from the Bay of Bengal 
to an irregular line ranging north and south from twenty to fifty 
miles from the western coast. At this line the ground, there very 
high, terminates in an escarpment of from 100 to 1000 feet in depth, 
and more or less precipitous. The strip of land intervening between 
this escarpment and the western sea, though of irregular surface, 
and containing several lofty spurs from the high ground, and some 
detached ridges, is on the whole not very much above the sea-level. 

VOL. XXV.—PART I. N 
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These features naturally divide the country into the district above 
the escarpment, called the Deccan, and that below it, called the 
Concan. ‘The escarpment itself is known as the Syadree Range or 
Western Ghauts. 

The Ghauts, therefore, are a vast escarpment and not a regular 
mountain-range. Upon this escarpment, however, there occur moun- 
tains of from 4000 to 5000 feet high ; and connected with it there 
are several long and lofty hill-ranges, passing from it eastwards and 
declining as they recede. 

The escarpment, generally precipitous, contains several special 
precipices of from 1000 to 2000 feet in height, the crests of which 
are at least as far advanced as their bases, and in a few very re- 
markable cases, as at Hurreechunder, actually overhang them. 

For many miles north and south of Bombay, and for many miles 
inland, the rocks of the district are, with limited exceptions, of igneous 
origin, and varieties of trap. 

It is not the object of this paper to explain the general geology of 
this district; but it may be observed that there is evidence to show 
that a line or band of volcanic vents extends north and south up 
the axis of the Concan, whence most of the trap of Western India 
appears to have been poured out,—eastward, at a moderate slope to 
form the Deccan; westward, at a much steeper inclination, into the 
sea. There are also appearances connected with these vents which 
seem to explain the great and sudden difference of altitude between 
the country above and that below the Ghauts, as well as the singular 
fact that the Ghauts themselves do not appear to have been pro- 
duced by, or to be in any way connected with, any line of upheaving, 
or of fault, or with any similar disruption or displacement, local or 
general. 

The dykes under consideration are no doubt mineralogically in- 
teresting ; but they are far more so from their connexion with the 
various vents in the great volcanic band, and because they form a 
part in the chain of evidence upon which the theory of the forma- 
tion of this very remarkable part of India must rest. 

The dykes by which this part of the Concan is traversed vary in 
breadth from one and two to ten, twenty, forty, and occasionally 100 
or 150 feet, and are often many miles in length. They are most 
numerous about the centre of the Concan. They are also numerous 
in the great valley or bay known as the Malseje Ghaut. They are 
seen, though less frequent, beneath the Nana, Copolee, and Beema- 
Sunker Ghauts, and in the road between Panwell and the Bhore 
Ghaut. Many occur upon the Ghauts themselves, and a few above 
them upon the high tableland of the Decean. They have also been: 
traced in the islands of Bombay and Salsette. 

The contents of a few of these island dykes, and of one or two 
upon the shores of the Concan, are altogether peculiar; but with 
these rare exceptions the dykes present very many points of resem- 
blance. They are basaltic ; all have a tendency to the prismatic 
form, which now and then, as at Gorabunder, in Salsette, and at 
Callian, becomes columnar. The axes of the prisms are always at 
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right angles to the face, or plane of cooling, of the dyke. Almost 
all are subdivided by planes parallel to that plane, into bands ; and in 
most of the larger dykes the interior bands are more or less concre- 
tionary. All are much jointed, evidently in cooling, and are fissured, 
or readily fissile, to great minuteness. The fragments, almost always 
freely scattered about along the course of a dyke, are commonly flat 
triangular prisms, having two faces of unequal breadth, but much 
broader than the third, and consequently containing a very acute 
angle. The material is very dense and clinking, and, so far as I have 
observed, is never amygdaloidal, nor, excepting in a very few cases, 
vesicular. This is remarkable, since four-fifths of the rock through 
which the dykes pass is highly amygdaloidal. 

These dykes have been traced through every rock from beneath 
the sea-level up to the crests of the Ghauts, and nearly to the sum- 
mit, geologically, of the highest outliers of the Concan. They are 
found 4000 feet above the sea upon Hurreechunder, and at full 
3000 feet between the Malseje and Joodhun. They have not 
hitherto been observed in the basalt capping of Beema-Sunker ; and 
therefore their relation to that bed is uncertain. 
Except in a few and local instances, I have been unable to detect 

anything like the effects of secondary fusion in the minute structure of 
the trap beds cleft even by the larger dykes, though these beds, being 
amygdaloidal, might be expected to show some traces, even mecha- 
nical, of the great heat to which the dyke must have exposed them, 
whether this occurred before or after the deposition of the zeolite. 
Viewed in mass, itis, however, evident that the trap on either side of 
each dyke has, for some distance, been hardened or rendered tougher 
by its heat, and has thus been enabled to oppose special resistance 
to the eroding forces. Hence when the dykes traverse a trap plain, 
their course is usually indicated by long and lofty, though often 
narrow ridges of rock, of which the dyke forms the axis, and which 
from their superior toughness have resisted the general removal of 
the surface. The actual course of the dyke itself is usually marked 
by a depression, the prismatic structure allowing it, however hard 
the rock, to be removed in fragments. In a very few cases planes 
of fissure or cleavage are observed in the trap parallel to a dyke, and 
apparently due to the secondary fusion of the trap by the dyke. 

The plane of separation between the dyke and its containing rock 
is, commonly, well defined. There is no fissure, but there is no adhe- 
sion. Sometimes branch dykes come off, and almost always at an 
acute angle. 

The ordinary structure of these dykes seems to be homogeneous. 
The grain is usually fine, though now and then coarse and open. 
oe they contain crystals of a honey-coloured mineral. 
Some are pitted superficially, where exposed to the weather, no 
doubt by the decomposition and removal of this mineral. One dyke 
near Callian affects the magnetic needle considerably ; and a few 
others do so in a less degree. One or two of the Callian dykes are 
contained between a sort of selvage made up of plates of about one- 
eighth of an inch thick, but with the planes of separation of each 

nw 2 
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plate set at right angles to the course of the dyke. These plates 
appear to be of different material from the dyke itself; and where 
this affects the needle they do not partake of that quality. In aspect 
these selvages resemble greenstone, although so closely connected 
with the basalt. They may, no doubt, represent a band of trap, 
fused by the dyke, or more probably a part of the dyke itself, 
which, under electrical action, has assumed this structure. 

The general direction of the dykes is more or less nearly parallel 
to the bands of volcanic vents, main or subordinate, near to which 
also they are most numerous. Hence, although this rule has, as 
was to be expected, many exceptions, the greater number of the dykes 
near to the central axis of the Concan range north and south, and 
those near the subordinate band in the Malseje Valley range more 
nearly E.N.E.and W.S.W. In both, as in the adjacent districts, 
occur a few dykes taking other directions; but out of thirty-nine 
dykes, thirteen range north and south, and sixteen between N.E. 
and E. and 8.W. and W. Three only lie S.E. and N.W. 

The plane of each dyke is usually vertical ; and the exceptions are 
few and local. Also they range in straight or nearly straight lines. 
They now and then swell out or contract, and in one or two instances 
have been observed to include a rider, though commonly their faces 
are parallel. They are very seldom indeed connected with any ver- 
tical displacement of the rocks ; and the few exceptions to this are of 
very limited extent. I have not observed any dyke to be connected 
with a considerable fault. 

Though the basalt of the dykes is peculiarly hard, and undergoes 
very little disintegration from the weather, its fissile character leaves 
it with little power of resisting eroding forces; and, in consequence, 
although sometimes a dyke stands up, out of the trap ridge already 
described, as a rugged black wall, more commonly its position is 
marked by a depressed furrow along the top of the ridge, the sides 
of which are thickly strewed with its fragments. 

The most preeipitous passes across the Ghauts are those produced 
by the removal of the dykes. In such cases the pass is a vast 
fissure, the walls of which are perpendicular and parallel, some- 
times 300 or 400 feet high, and not above 10 or 20 feet apart. 
These walls are almost as hard as the removed basalt, and, not being 
fissile, are much less readily disturbed. Here the lower or unre- 
moved part of the dyke forms the rough steps up which such passes 
are ascended. The ‘ Nisnee cha Dara,” or “ pass of stone,” near 
Jooneer is a very fine example of such a pass. . 

Owing to this same hardening of the trap, the course of a dyke 
across a river is often marked by a bund or dam, which the people 
turn to advantage for the irrigation of their lands. There are 
several such near Moorbar ; and the navigation of the Callian river 
is seriously impeded by such an obstruction a few miles below that 
town. 

These dyke ridges form rather a leading feature in the topography 
of the Concan. Some resemble raised causeways, and are so used 
during the rains; others have all the regularity of an artificial. 
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earthwork ; and many traverse the country for miles together, 
varying from one to two or three hundred feet in height, but 
always narrow. Near Moorbar a number of these ridges inter- 
sect each other, and form some very singular triangular enclosures. 

The dykes are observed not only near to the parallel of Bombay, 
but they are seen in great numbers both north and south of that 
line, and still present the same characters. A sufficient number of 
dykes have been traced up from the Concan to the crests of the 
Ghauts to make it clear that elevations of 3000 and 4000 feet pro- 
duce no perceptible difference in their structure or density. 

The dykes are less numerous and of a smaller size as they recede 
from the volcanic district. East of the Ghauts, therefore, they are not 
numerous. Perhaps half a dozen have been noted between the Ghauts 
and Poona, and none between Poona and Shoolapoor. North of 
Jooneer, or rather of the Hurreechunder range, they are said to 
be more frequent, and to be found of large dimensions 50 or 60 
miles from the sea. If this be so in these as well as in the more 
eastern examples in the metamorphic districts, it seems probable 
that such dykes are not to be traced to the Concan vents, but to 
sources more to the eastward—sources independent above, though, 
no doubt, identical below. 

it may be mentioned that where fissures in a lava stream have 
been filled up by the overpouring of a later stream, the included 
matter, probably from its contact with cooled surfaces, assumes a 
denser structure than either its parent or including rock, it is, as 
founders say, “chilled ;” and when the parent and superincumbent 
mass is swept away, what is left much resembles a regular dyke. 
Many such occur in the Deccan, but they are usually on a small 
scale, zig-zag, and may be readily traced to an end. 

There seems every reason to believe that basalt dykes belong toa 
very late, perhaps nearly the latest, period of general volcanic action 
in the vast cape of India. The regular basalt beds which they re- 
semble have not been observed lower than near to, if not at the very 
summit of, the series upon the Ghauts, and at the actual summit in 
Bombay—that is to say, on the two remaining margins of the volcanic 
region. The Bombay basalt, indeed, seems precisely to resemble, 
mineralogically, that composing the dykes, and to differ only in the 
local aceident of a more perfect rbomboidal and columnar structure, 
due, no doubt, to its mass. The Ghaut sheet-basalt, well seen on the 
great tableland upon and east of Beema Sunker, is rather pris- 
matic than columnar, and it contains the honey-coloured mineral 
and affects the needle. In the possession of these two qualities it 
differs from the basalt of the adjacent dykes ; but I know not if this 
be fatal to their general identity, or at any rate to their being re- 
garded as of one general period. The nodular basalt common as a 
capping-bed on the hills near Poona and the Beema is certainly cleft 
by the dykes. Upon Beema Sunker, and, I believe, elsewhere at 
great altitudes, beds of laterite, or of an amygdaloid much resembling 
it, are found above the basalt-bed. I know not whether these beds 
are reached or cleft by the dykes. 
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The dykes are observed to traverse and to pass at tangents to 
particular vents, and,’although most numerous about such points, 
not to radiate from them. Nor do such vents present any traces of 
a flux of regular basalt. From this it seems reasonable to infer 
that the dykes are due not only to a later period, but to a period 
after the cessation of the regular eruptive action, and possibly 
therefore that the capping beds may be the overflow of the dykes. 

Salsette, indeed, seems to be an exception, and to contain evidences 
of still later eruptive action, though local only. 

The dykes themselves seem to admit of division into at least two 
periods, since dykes of different grain frequently intersect each 
other. Near Moorbar these intersections are most numerous ; but 
at such points the rock is commonly very loose, covered with jungle, 
and full of poisonous snakes ; they are therefore difficult of examina- 
tion. I think, however, that in many cases the dykes lying north- 
east and south-west traverse and often very slightly dislocate those 
lying more nearly north and south; whence I infer these to be the 
later, and the cross band of the Malseje vents to have ejected its dykes 
since those connected with the general outline of the Ghauts. It 
is probable, however, that a minute examination of specimens from 
all these dykes would throw more light upon this matter. 

The dykes, as has been stated, are neither vesicular nor amyg- 
daloidal, although they pass through rocks most of which are both 
one and the other. But though the basalt contains no vesicles, it 
is fissured in all directions, and must have been fissured, more or 
less, very soon after it was poured out, as it began to cool. All the 
contiguous rocks contain kernels of zeolite, and now and then of 
chalcedony and calcareous spar. None of these minerals are found in 
the basalt, although its cracks must have lain open to receive them. 
I do not know what is the prevailing theory upon the deposition of 
these included minerals; but these appearances seem to point to their 
segregation from the trap, and to be opposed to any theory of infil- 
tration. 
Among the dykes alluded to as not basaltic may be mentioned 

one on Trombay Island, which branches off from a basalt dyke, but 
is quite void of the mineral, and contains laumonite. 

_ In most cases the great and numerous fissures, so common on the 
Ghauts, mark the passage and removal of a dyke. This is not 
always the case; and hence there seems ground to suspect that the 
fissures may have been formed, not by the forcible injection of the 
basalt, but ss ea of and before its appearance. 

_ Discusstoy. 

Mr. Davin Forszs did not. see any proof of the dykes being of 
different ages. In modern eruptions, lasting over some years, the 
lava first erupted sometimes became fissured, and the fissures filled 
at a later period of the penance. 
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4. Note on the AurirERovs Rocks of SourH-EASTERN AFRICA. 
By Dr. Surnerzanp, Surveyor-General of Natal. 

(Communicated by Sir R. I. Murchison, Bart., K.C.B.) 

ty communicating the chief contents of a letter which was addressed 
to me by Dr. Sutherland, I beg to point out to the Society that the 
author seems to have arrived at some of the same conclusions as 
those deduced by Mr. David Forbes from his examination of the 
gold-bearing rocks of South America, which he described as result- 
ing from the action of two very distinct classes of igneous rocks. 
(See Geol. Magazine, vol. ili. pp. 385 &c., Sept. 1866). 

Rop. I. Murcuison. 

Natal, South Africa, Sept. 8th, 1868. 

A young man of the name of Parsons, who made a journey 
with me in March last along the southern rivers of this colony, 
washed some iron-sand, which gave distinct traces of gold. Since 
his discovery several persons have also succeeded in finding traces 
by the same means; but in no case has it been found in remu- 
nerative quantities; the particles never exceed the tenth or twen- 
tieth part of a grain in weight; the form is rounded and pitted, 
very much the same as the Australian “ pepitas,” or nuggets, but 
visible only with a magnifying power. 

Parsons has been temporarily employed by the Government to ex- 
plore the rivers, with a view to settle the question whether or not 
the metal exists in such quantities as will pay labouring men fair 
wages while employed in its extraction. 

I have gone carefully over chap. xix. of your fourth edition of 
‘Siluria;’? and the conclusion to which I am driven is this,—that 
the noble metal is in such a state of diffusion among the gneiss and 
granite (for these are the rocks that yield it) as to be imperceptible 
to the eye, and not in any way occurring in ramifications and small 
veins. You will recognize Humboldt’s words as you give them at 
page 474. 

In no part of the South-African promontory that I know do the 
hypogene rocks protrude into the Secondary formations. It is true 
we have a most abundant development of erupted rock, chiefly 
basaltic greenstone, which has pierced all the strata except the 
small patches of “chalk.” Bain’s Dicynodon-strata, which contain 
the coal, are abundantly impregnated with it. In one locality, the 
Insizwa Mountains in the basin of the St. John’s River, its mineral 
character seems to resemble diorite; and there, along the line of 
contact with the Secondary strata, it contains various ores of copper, 
which have been found to contain about 100 grains of gold to the 
ton of ore. But this basaltic rock is much more recent than the 
basaltic rock we found in the primitive rocks; the latter appear to 
have settled down into perfect repose when the Paleozoic strata 
were undergoing a succession of invasions from eruptions of igneous 
matter, which in no instance assumes the type of the granitic or 
gneissose rocks. 
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There is abundant evidence that the latter rocks were very much 
disturbed during the period in which they were formed; for we 
found the gneiss in a most. contorted state, and not unfrequently 
containing extensive developments of quartz, both in veins and in 
lenticular forms. None of these veins are ever found entering the 
strata which succeed the gneiss and granite and rest unconformably 
upon them. I take it that these strata are Silurian; Bain and all 
his Cape contemporaries thought so. They are generally horizontal, 
but not unfrequently are flexuous, and at times so faulty that there 
may be a difference of even 1000 feet in the elevation of strata which 
at one time were continuous on the same plane. 

The primitive rocks in the valleys where the gold has been found 
have been very much eroded by the rivers: in some parts it is no 
exaggeration to take it at 3000 feet depth ; and it is common to find 
valleys of from 500 to 1000 feetin depth. It would appear to me a 
reasonable assumption that no part of the gold contained in the 
rocks that have been removed (chiefly in the form of mud and fine 
sand) has been carried away, but that it remains in the alluvions 
now traversed by the same rivers. Although in the parent rock 
the quantity may be imperceptibly small, it may be found in more 
abundant traces in the débris, which throughout an extensive valley 
will show the course the river followed in the remotest periods of 
its existence. The features peculiar to one river will apply to all 
which traverse the primitive rocks; the same action has been alike 
effectual in all. In the faulty state of the Silurian strata to which 
I have alluded, there is ample proof that the primitive rocks on 
which they unconformably rest have suffered great displacement, 
and the relative levels of many localities have been greatly altered. 
This, no doubt, would have resulted, in the first instance, in forming 
valleys of elevation, upon which the denuding agency, down to the 
present time, has been operating. The point I wish to bring out is, 
that the gold contained in the primitive rocks will be found collected 
in the alluvions, and that hence, the amount being very small, it 
may be imperceptible in the rocks wm situ, although quite perceptible 
in the débris along the course of the river. 

I was not able to ascertain from Mauch, when he was here some 
months ago, whether the occurrence of the gold in the interior has 
the same relations as in this colony, or whether it bears comparison 
with that of the Ural, or Australia and America, where it would 
appear to pervade the ramifications of veinstones of quartz into the 
strata. 

Discussion. 

Mr. Davin Forses was glad to find that Dr. Sutherland corrobo- 
rated his views as to the occurrence of gold in two ways :— 

1. In auriferous granite, as in Wicklow and elsewhere. 
2. In eruptive diorite, a basic rock without free quartz, and cer- 

tainly of postoolitic date, almost always accompanied by copper- 
ee Most Californian gold-veins are connected with this class 
of rocks. 
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In constructing some of the railways of South America the gra- 
nite was found to be so soft, from decomposition, that it could be 
cut with the pick and spade ; and this softened granite, when washed, 
produced gold. 

Prof. T. Rupert Jonzs considered that, by means of Dr. Suther- 
land’s communication, the Laurentian and Silurian rocks were now, 
for the first time, to be recognized as existing beneath the Dicynodon- 
rocks of the Natal ridge. 

Frsrvary 10th, 1869. 

Moreshwar A’tmérdni Tackhadakar, Esq., 3 St. George’s Square, 
Primrose Hill, N.W., and Henry Spicer, Jun., Esq., 22, Highbury 
Crescent, N., were elected Fellows of the Society. 

The following communications were read :— 

1. On the EvivEncss of a River of Lower CarBonrFERovs Rocks cross- 
ing the Puatn of CHEsHrrE beneath the Trias, and forming the 
boundary between the Permian Rocks of the LancasHirE TYPE on 
the Nortu, and those of the Satop1an Typx on the Sourn*. By 
Epwarp Hott, Esq. M.A., F.R.S., District Surveyor of the Geolo- 
gical Survey of Scotland. 

lr has generally been supposed that the Triassic plain of Cheshire, 
almost encircled as it is by coal-fields, is itself a great repository of 
coal-bearing strata having few or no interruptions to its continuity, 
except towards the southern margin, where the Triassic and Permian 
rocks, overlying at intervals thin and marginal representatives of 
the coal-measures, approach the Cambrian and Silurian districts of 
Shropshire. I myself for a long while held and defended this view ; 
nor was I aware until recently that it had ever been controverted. 
I am informed, however, by Mr. Jukes, that in a discourse which he 
delivered before the British Association in Birmingham, “On the 
Position and Extent of Coal-measures beneath the Red Rocks of the 
Midland Counties,” in 1865, he expressed his opinion of the proba- 
bility of ridges or bosses of rocks older than the coal-measures 
underlying the Trias of the plain of Cheshire and Salop, and 
throwing the Upper Carboniferous beds into detached coal-fields. 
These views were illustrated by large diagrammatic sections ; unfor- 
tunately no report of this lecture is published in the Transactions of 
the Association. 

With my own mind fully imbued with the idea of a continuous 
sheet of coal-measures stretching beneath the New Red Marl from the 
southern margin of the Lancashire coal-field as far south, at least, as 
the Lias of Prees, near Whitchurchy, I last winter (1867) was 

* Communicated with the consent of the Director General. 
+ In this direction the old rocks which formed the original margin of the 

Carboniferous basin may be expected to occur in promontories projecting north- 
wards under the Trias and Permian beds. (See Map, p. 183.) 
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engaged on a memoir for the Geological Survey on the Triassic and 
Permian rocks of the central counties; and it was when describing 
and comparing the Permian rocks of Lancashire with those of 
Shropshire and the midland counties that I was forcibly struck by 
the dissimilarity in structure and composition between the beds of 
these two tracts of England. I had, indeed, been aware of these 
differences previously, having passed several years in the survey of 
these rocks over parts of the central counties, Shropshire and Lanca- 
shire; but until I came to compare the Permian beds of these dis- 
tricts with each other on the occasion referred to, 1 had not perceived 
the full force of the fact that there are two types of beds, and two 
only, over the whole region from Warwickshire to Lancashire and 
Cumberland, and that the divisional line must lie somewhere in the 
region of the central plain of Cheshire. 

Having arrived at this conclusion, it was natural I should seek 
for the cause of this dissimilarity between the Permian beds on the 
north and the south of the plain; and there were at first sight 
evidently three modes of explanation. 

1. In the first place, it might be supposed that the whole of the 
beds were deposited contemporaneously in one continous basin, and 
that the differences in mineral structure and composition arose from 
differences in the nature of the sediment brought down from op- 
posite regions of land, and poured into the northern and southern 
portions of the basin respectively. 

2. Or we might consider the beds of the two districts to be 
relatively of different ages, those of Lancashire and the north 
being more recent than those of Shropshire and the midland 
counties. 

3. Or, lastly, we might suppose the beds of the two districts to be 
contemporaneous, but deposited in different basins, owing to the 
existence of a divisional ridge or barrier of the older rocks, such as 
is considered to have existed in the region of the Bristol Channel in 
the Devonian period. This is the only explanation which appears 
to me sufficient and tenable; and I venture to lay the reasons for 
this view before the Society in as concise a manner as the subject 
seems to admit of. 

Before entering on this part of the inquiry, it will be necessary 
to present a brief description of the Permian rocks of the two dis- 
tricts, showing the distinctive characters of the two types I have 
referred to. But, in so doing, it is far from my intention to give a 
detailed description of the Permian districts of Central and Northern 
England, as ample accounts are already published, and to do so 
would therefore be but vain repetition. I shall therefore content 
myself with passing briefly in review the nature of the rocks as far 
as is necessary for my purpose, referring while so doing to the 
works of the eminent geologists who have written upon this branch 
of British geology. 

Permian Beps of THE SaLopran Type. 

Distribution.—The general characters prenenkss by the beds. of 
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this type are those of a more or less local deposit, of which the 
marginal limits during deposition may in some places be traced. 
Towards the north-west, we first find these beds along the eastern 
boundary of the Denbighshire coal-field at Wrexham, and in the 
valley of the Dee, near Overton. South of the Severn, they reappear 
near Cardeston and Alberbury, where, with the remarkable calcareous 
breccia which there forms an important (but exceptional and local) 
feature*, they were originally described by Sir R. I. Murchison 
in the ‘ Silurian System.’ We trace the same beds (with the omis- 
sion of the calcareous rock, which disappears eastward) along the 
northern margin of the Le Botwood and Shrewsbury coal-fields, and 
again in greater force to the east of that of Coalbrook Dale. From 
this district they stretch southwards along the valley of the Severn, 
and in the district of Enville spread out over a large area, and are 
diversified by calcareous conglomerates and trappoid breccias, the 
origin of which has been referred by Professor Ramsay to the agency 
of ice. These beds were separated by the author in this district, as 
well as in that of Staffordshire, from the overlying Bunter Sandstone, 
and are described by Professor Ramsay in his memoir “On the 
EKyidences of Permian Glaciers,” published in the Journal of the 
Society}. The same beds reappear on both sides of the South Stafford- 
shire coal-field, and are described in Mr. Jukes’s memoir “ On the 
Geology of the South Staffordshire Coal-field” +. Crossing the Triassic 
district to the east of Birmingham, they are found to emerge from 
beneath the Keuper Sandstone and Marl, and to occupy a large 
tract of country lying to the west of the Warwickshire coal-field, 
where these beds were surveyed by Professor Ramsay and Mr. H. H. 
Howell, and are described by the latter in the Memoirs of the 
Geological Survey, “On the Geology of the Warwickshire Coal- 
field.” 

Along the west and the south of the Leicestershire coal-field we 
again find these beds, but in disconnected and attenuated masses, 
evidently the marginal representatives of the great formation of 
Warwickshire. In this district is clear evidence that we have 
reached the original limit of the lower Permian beds towards the 
north-east, and that we stand on the confines of the barrier of 
Carboniferous rocks which divided the Permian rocks of the North 
of England from those of the midland counties. 

Along the southern and western margin of the North Staffordshire 
coal-field, the lower Permian beds again appear interposed between 
the coal-measures and the New Red Sandstone. When traced 
northwards for some distance, they are lost to view at Madely, 
partly through the overlapping of the Bunter Sandstone, partly 
through attenuation. Nor do we find any representatives of the 

* This calcareous breccia is only, as Sir R. Murchison shows, a local deposit, 
derived for the most part from the disintegration of a limestone belonging to 
the upper coal-measures. It cannot be considered a representative of the Per- 
mian Limestones of the North of England. 

t Vol. ii. p. 185. 
{| Mem. Geol. Survey. 
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Permian beds referable to the Salopian type to the north of this 
part of England, except in the case of the little outlier at Rushton 
Spencer, north of Leek, where they occupy a small area, and rest 
directly on Lower Carboniferous beds of the Yoredale series. Their 
occurrence at this spot was first pointed out by Mr. E. W. Binney*, 
and more recently by Mr. A. H. Green in the memoirs of the Geolo- 
gical Surveyt. Both of these geologists concur in considering the 
beds to be of Permian age; and their position with reference to the 
Lower Carboniferous strata on which they rest is a point of interest 
and importance as bearing on the question concerning the extent of 
the denudation of the Carboniferous rocks before the Permian period 
in this locality, coincident, as it is, with the axis of elevation, to 
which I shall again refer, and which forms the special subject of our 
inquiry. 

Mineral Characters of the Salopian Type of Permian Beds.—It 
may, I think, be safely affirmed that over the whole tract of country 
above described the Permian beds belong to the Roth-todt-hegendes 
or lower stage, and are all of one type—and this notwithstanding 
local and exceptional interpositions of peculiar beds deriving their 
origin from the agency of ice (as shown by Professor Ramsay in the 
case of the trappoid breccias), or on account of marginal conditions, as 
shown bySir R. Murchison in the case of the Cardeston brecciated rock. 
With these and similar exceptions, the whole series (attaining a 
thickness of 1500 or 2000 feet in Warwickshire) consists of an 
assemblage of brown, red, or purple sandstones, often calcareous, 
alternating with red shales and marls, and characterized by much 
irregularity in the stratification. Both the sandstones and the local 
breccias and conglomerates are distinguishable from those of the 
Bunter Sandstone with which they usually come in contact ; and the 
frequent interposition of beds of red marl gives the group a facies 
differing from that of any of the divisions of the Bunter Sand- 
stone. 

Such is the character of these beds, wheter we find them in 
Denbighshire or Shropshire on the one side, or in Warwickshire on 
the other. They form a group of strata of ‘themselves, differing in 
their mineral characters from the Permian rocks either of the North- 
west or North-east of England. Their original marginal limits may 
at intervals be traced both in Shropshire on the west, and in 
Leicestershire and North Staffordshire on the east, notwithstanding 
the obscurity occasioned by the overspreading of the Triassic forma- 
tion. The beds at Rushton Spencer form, in my opinion, a mar- 
ginal outlier, deposited in a hollow, along the line of the barrier 
of Lower Carboniferous rocks, which originally divided the beds 
belonging to the Salopian type BS those of the Lancashire 
type. 

* Memoirs of the Lit. and Phil. Society of Manchester, vol. xii. 
t “ Geology of Stockport, Macclesfield, &c.,” by E. Hull and A. H. Green. The 

position of these beds is shown ina section. by Mr. Green in our joint paper 
““On the Millstone Grit of north Staffordshire &c.,” Quart. Journ. Geol. Soe. 
vol. xx. p. 260, fig. 7. 
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I now pass on to trace the characters and distribution of the 
Permian rocks of the latter type. 

PrRMiIan BeEpDs oF THE LANCASHIRE TYPE. 

Distribution.—A fine exhibition of these beds may be observed 
along the banks of the Mersey, above Stockport, where they are 
interposed between the conglomerates of the Bunter Sandstone and 
the coal-measures of Cheshire. Passing towards the north and west, 
we find them opened out on a large scale at Collyhurst, near Man- 
chester, where they were first identified as of Permian age by Mr. 
Binney *, as being clearly overlain by a series of marls with lime- 
stones containing fossils of Permian genera. From Manchester, they 
have been traced by the same geologist, along the southern margin 
of the Lancashire coal-field to Whiston, near St. Helens; and 
throughout they occupy a position of discordance, both as regards 
the Trias above and the coal-measures beneath. At Stockport the 
formation attains a thickness which I have estimated at 1500 feet. 
Whether or not it isso great, itis undoubtedly considerable; and had 
it not been for the superposition of the fossiliferous marls and lime- 
stones, which have been clearly determined to overlie this rock, by 
borings at Heaton Mersey, the whole (as far as lithological character 
is concerned) might have been regarded as of the Bunter Sandstone 
age. 

Mineral Characters and Composition.—Instead of a series of inter- 
stratified sandstones, marls, breccias and conglomerates, such as that 
which forms the Lower Permian rocks of the Salopian type, we have 
in Cheshire and Lancashire a mass of homogeneous sandstone, 
resembling in every respect (except in position) the lowest divi- 
sion of the Bunter Sandstone of Shropshire and west Cheshire. 
This rock is generally so soft as to be used for foundry pur- 
poses, and consists of bright red and variegated sandstone, with- 
out pebbles, fine-grained, and traversed by planes of current- 
lamination. 

When I first saw this rock in the quarry at Collyhurst, and judging 
only by mineral character, I thought I recognized in it the “ Lower 
Mottled Sandstone” of the Bunter, with which I had been so 
familiar in Shropshire and west Cheshire; but the position of the 
fossiliferous marls which here overlie this sandstone, and which 
contain remains of the genera Turbo, Rissoa, Natica, Gervillia, 
Axinus, Myoconcha, and Tragos, determines beyond doubt the 
Permian age of the sandstone rock, as shown by Mr. Binney. It 
clearly forms a lower stage of the Permian formation in this part of 
England. 

The contrast between these beds and their representatives in 
Shropshire and the midland counties is, in fact, as great as between 
the Bunter Sandstone and Permian beds of those counties. 

The Upper Permian series of South Lancashire requires but short 

* “On the Geology of Manchester,” Trans. Geol. Soc. Manchester, vol. i. 
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notice here. All along the southern margin of the coal-field if con- 
sists of red calcareous marls and earthy limestones, with fossils of 
Permian genera, resting on the Lower Red Sandstone. At Leigh, 
west of Manchester, these beds have been proved by borings to reach 
131 feet in thickness, with 52 courses of limestone; but their thick- 
ness in different localities is found to vary considerably, in pro- 
portion to the amount of overlapping of the Bunter Sandstone. 
At Stockport this overlapping is so great that the conglomerate 
beds of the Bunter rest directly on the Lower Permian Sandstone 
itself. 

At Skillaw Clough, near Ormskirk, the occurrence of Magnesian 
Limestone in the upper member of the formation introduces a more 
typical feature into the succession of the beds, such as they present 
near Furness Abbey and Barrow Mouth, as described by Mr. Binney*, 
and enables us to recognize in them the representatives of the great 
calcareous formation of Durham, Yorkshire, and Notts. Mr. Kirkby, 
on paleontological evidence, refers the upper member of the Permian 
series in South Lancashire to the “ Lower Limestone” of York- 
shire *. 

In the “ Lower Sandstones” of Penrith, estimated by Professor 
Harkness to attain a thickness of 5000 feet +, we have the apparent 
representative of the Lower Permian Sandstone of south Lancashire, 
but more fully developed in a northerly direction, as is usually the 
the case with sandstone rocks of the Triassic and Permian ages in 
this part of England. 

Durham, Yorkshire, and Nottinghamshire.—It is not within the 
scope of this paper to refer to the Permian formation of the North- 
east of England, except to point out the relationship of this series of 
beds to those of the midland counties and Lancashire, as far as 
regards original deposition. I will therefore only remark that, as 
regards their relations to the Lancashire series, though so different 
in mineral character, they really belong to the same type. Here we 
have the development of the calcareous member on the one hand, 
and of the sedimentary member on the other, being an illustration 
of the law of development, in opposite directions, of calcareous and 
sedimentary strata, which I believe may be observed in the case of 
all natural groups of rocks. And as it has been shown in a former 
paper that the elevation of the Carboniferous rocks along the meri- 
dional axis of the Pennine chain has taken place since the Permian 
period, there is every reason to suppose that the Permian beds, both 
on the North-west and North-east of England, were deposited within 
the limits of the same hydrographical basin, and that there was a 
gradual variation of mineral character taking place across the North 
of England. This view seems to be held by Mr. Kirkby with 
reference to the Upper Permian series§ in both districts. 

b) 

* Mem. Lit. and Phil. Soc. Manchester, vol. xii. pp. 45, 46. 
+ Quart. Journ. Geol. Soc. vol. xvii. p. 320. 
{ Lbid. vol. xviii. p. 210. 
§ Quart. Journ. Geol. Soc. vol. xvii. p. 321. Mr. Kirkby remarks, “ The fauna 

of the Lancashire area appears to have existed on the argillaceous and semical- 
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- On the other hand, the evidence which I am about to adduce seems 
to show that the Permian rocks both of the North-west and North- 
east of England were disconnected during their deposition from those 
of the midland counties and Shropshire. Under this view, it will 
be apparent that there are in reality only two types of Permian beds 
in England, those of the north and those of the midland counties ; 
though at first sight it might have been supposed there were three, 
namely, those of the Salopian, Lancashire, and Durham or Yorkshire 
types. 

PossreteE Causes OF THE TYPICAL DIFFERENCES IN THE PERMIAN FOR- 
MATIONS OVER THE SALOPIAN AND LANCASHIRE AREAS, 

Having thus described the distinctive characters and range of the 
two types of Permian beds in the tract of country under investiga- 
tion, it now remains to inquire into the causes of this diversity of 
character. As already stated, there appear to be three possible modes 
of explanation. 

1. We might suppose that the beds of both types had been depo- 
sited in the same basin, and that the differences in mineral and 
stratigraphical character were due to differences in the sources of the 
sediment. This explanation appears to me insufficient, as there are 
no intercalations on either side. Considering the great thickness 
which this rock attains in North-east Cheshire (at least 1500 feet), 
and the proximity of the two districts, it is strange that it should 
not be represented by interstratification amongst the beds of North 
Staffordshire, if the two areas were in communication, or, on the 
other hand, that the beds of the Salopian type should not be repre- 
sented by interstratification amongst those of the Stockport and 
Manchester district. This explanation also fails to account for the 
absence of the Upper Permian beds of Lancashire in the southern 
area, a series of beds which, from their very nature, may be presumed 
to have extended as far as the hydrographical boundaries would 
admit. 

2. To suppose that the two types of rocks were not contempo- 
raneous is still more unsatisfactory, and is not in accordance with 
the relations which the beds in both regions bear to the Carboni- 
ferous rocks on which they repose. These relations are precisely 
similar. In some places there is (as it were by accident) con- 
formity, in others, great discordance. To suppose that there are 
two types of Roth-todt-liegende representing two successive stages 
of this earliest period of the Permian group, is not in accordance 
with observation in other districts. On the contrary, the beds of 
the Salopian type must, I think, be regarded as representatives in 

- time of the Lower Red Sandstone of Lancashire, and both as repre- 
sentatives of the Lower Permian stage, or Roth-todt-liegende of 
Germany. 

careous 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 deposition of calcareous sediment.” 
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3. Dividing ridge of Lower Carboniferous Rocks (see fig. 2). 
I now come to the explanation which seems 
to me the most probable, and one which 
is borne out by an examination of the phy- 
sical geology of the North of England,— 
namely, the existence of a concealed ridge, 
or barrier, of Lower Carboniferous rocks, 
dividing the hydrographical areas belonging 
to the Lancastrian and Salopian types re- 
spectively, and the consequent deposition of 
the contemporaneous beds im two separate 
basins. 

In a recent communication to this So- 
ciety* I have shown that at the close of the 
Carboniferous period the Carboniferous beds 
of Lancashire were thrown into a series of 
folds, the axes of which range nearly east 
and west, and are parallel to, and con- 
tinuous with, those which influence the 
same beds in Yorkshire as they approach 
and are lost beneath the Magnesian Lime- 
stone, as originally pointed out by Professor 
Phillips. This system of disturbances I 
ventured to call “the Pendle System,” be- 
cause it is well illustrated by the direction 
and flexures of the Pendle range of hills, 
running in an east-north-east direction. I 
also showed that there was a nearly parallel 
line of upheaval to the south of this range, 
passing along the valley of Rossendale, the 
direction of which is very nearly east and 
west ; and to this I applied the term “ Ros- 
sendale anticlinal.” 
When we proceed further south into the 

main coal-field of South Lancashire, we 
have no evidence of a repetition of these 
foldings (except, perhaps, as represented by a 
few east-and-west faults) ; but when, follow- 
ing the line of the Carboniferous rocks along 

the margin of the plain of Cheshire, we arrive in the district bor- 
dering the valley of the river Dane, near Congleton—we again 
have evidence of a very powerful line of upheaval lying to the 
northward of Congleton Edge, and dividing the Cheshire coal-field 
from that of North Staffordshire. The general arrangement of the 
beds here will be better understood from the accompanying section, 
in which minor details are omitted (see fig. 1). The section is 
drawn from north to south in a line nearly parallel to the “ Red- 

North; 

Y. Yoredale series. 

M.G. Millstone Grit series. 
* *, Faults. 

Kerridge. 

pencer. hire on the south, and of 

Rushton Spencer. 

R. Dane. 

Fig. 1.—Section across the Anticlinal of the River Dane, near Congleton. Cheshire on the north. 

P. Permian outlier of Rushton § C. Coal-fields of North Staffords South. 

* “ On the Relative Ages of the Lading Physical Features and Lines of Eleva- 
tion of the Carboniferous District of Lancashire and Yorkshire,” Quart. Journ. 
Geol. Soc. vol. xxiv. p. 323. 
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rock fault,” along which the Triassic rocks are brought in on the 
west. 

It will be observed that along this anticlinal the lower beds of the 
Yoredale group, immediately overlying the Mountain Limestone, 
are brought to the surface, this latter rock itself being found at 
Astbury, at the base of Congleton Edge, but not in the line of the 
section *, 

As regards the age of this anticlinal, we are, fortunately for our 
purpose, not left in doubt. Not far to the eastward is the Permian 
outlier of Hug Bridge, near Rushton Spencer, where, as already 
stated, sandstones and marls of Permian age rest immediately on 
the Yoredale beds. We have here, therefore, an illustration, similar 
to that of Clitheroe, in North Lancashire, of disturbances acéom- 
panied by enormous denudation of the Carboniferous rocks at the 
close of the Carboniferous period, and antecedently to that of the 
Permian. The amount of denudation in this instance may be thus 
estimated + :— 

feet. 
Upper .. 1000 

Coal-measures...... 1G 7 a ee oe ey Pe ee a 4000 
Iams arr sihes teats taucaccmeatedees 1000 

Millstone Grit...... Several divisions...........-ccecssees 1 
Yoredale Series (in part). Several divisions ...........+. 2000 

9000 

The easterly prolongation of the anticlinal of the river Dane 
cannot be very clearly traced, owing to the rearrangement of the 
Carboniferous beds along the lines of disturbance in a meridional 
direction (north to south) at the close of the Permian period. As 
already shown on a former occasion {, the series of foldings along 
axes ranging from west to east into which the Carboniferous rocks 
of the North of England were thrown at the close of the Carboni- 

- ferous period have been modified by two subsequent lines of dis- 
turbance at the close of the Permian and Jurassic periods respec- 
tively ; but the whole three systems bear a close physical relation- 
ship in time and direction to each other. In the district bordering 
the Mountain Limestone of Derbyshire the intersection of these lines 
of disturbance, accompanied and followed, as they have been, by 
several denudations, have complicated the structure of the rocks as 
it originally existed at the beginning of the Permian period. Hence 
the difficulty of following out the course of the anticlinal of the 
Dane eastward ; nevertheless it may, I think, evidently be traced 

* A detailed description of the beds in this district will be found in “ The 
Geology of the Country around Stockport,” &c., by Messrs. Hull and Green. 
Mem. Geol. Survey, pp. 69-74. 

+ The thickness of the Coal-measures is that ascertained by the Geological 
Survey as applying to North Staffordshire, which is less than that of Lanca- 
shire. The thickness of the Millstone Grit and Yoredale beds is that given 
in the Memoir, on “the Geology of Macclesfield,” &c., above quoted (see p. 85). 
The above estimates are probably rather under than over the truth. 

t “On the relative Ages of the Physical Features,” &c., supra cit. 
VOL. XXV.—PART I. 0 
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along the course of the Yoredale beds to the north of the Cheadle 
coal-field, and across the Mountain-Limestone country by Meer- 
brook and Butterton, in the direction of Matlock, while a branch 
stretched more to the southward in the direction of Charnwood 
Forest. 

I cannot, therefore, but regard the anticlinal fold which separates 
the coal-fields of North Staffordshire and Cheadle on the south from 
those of Poynton and Goldsitch Moss on the north as belonging to 
the Pendle system of disturbances, ranging nearly from west to east, 
and, by the position of the Permian beds at Rushton Spencer, clearly 
shown to have originated at the close of the Carboniferous period. 
If such be the case, can it be doubted that the anticlinal extends 
westward under the Triassic rocks of Cheshire? 

If, therefore, as appears to be the case, the Dane anticlinal 
stretches westward under the Triassic plain, we may reasonably look 
for some evidence of its continuance and reappearance on the western 
margin of the plain where the Carboniferous beds emerge from be- 
neath the New RedSandstone. This evidence, I think, we can find. 

The Carboniferous Anticlinal in North Wales.—If the Geological 
Map be referred to, it will be observed that at its southern extre- 
mity the Flintshire coal-field is completely dissevered from that of 
Denbighshire by the uprising of the Lower Carboniferous rocks, 
from which the coal-measures have been denuded. 

The age of this fault, belonging probably to several periods of 
vertical movement, is, at least, clearly pree-Triassic, as it disappears 
beneath the New Red Sandstone near Hope without producing any 
displacement of the beds; and it is also post-Carboniferous. Its 
relation to the Permian beds cannot be determined by observation, as 
it is nowhere brought into contact with them. It seems, indeed, to 
be gradually dying out towards the east as it approaches the New Red 
Sandstone, and to pass into an anticlinal axis. The view which I 
venture to offer is this:—I regard this upheaval as belonging to the 
Pendle system of disturbances at the close of the Carboniferous period, 
as indicated by the parallelism of its direction to this system, and 
also as being continuous in direction with the Dane anticlinal axis 
on the eastern borders of the Cheshire plain. - 

Supposed Structure of the Carboniferous Rocks under the Cheshire 
Plain.—lIf the above reasoning be admitted, it follows that there 
exists under the Triassic rocks of Cheshire an axis of elevation of 
Lower Carboniferous beds ranging from the southern borders of the 
Flintshire coal-field near Hope, on the west, to the valley of the 
Dane, north of Congleton, on the east, dividing the coal-field, which 
we may conclude originally spread uninterruptedly over the whole 
area, into two portions, to the north and south of this axis. Ido not 
pretend to much precision in describing the course and structure of 
this axis under a tract of newer rocks 35 miles in width: it is 
probably accompanied by more than one parallel folding of the beds ; 
but I think, with the arrangement of the rocks at Congleton Edge 
and the Roaches near Leek before us, we might venture to idealize 
the structure of this axis and its relations to the newer formations 
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somewhat as shown in the accompanying section (fig. 2 ; see also map, 
page 183). 

The Coal-measures on each side of the supposed Aais.—As there is 
no evidence of any similar axis, we may suppose that the coal-field 
extends from the northern flank of the Cheshire axis to the borders 
of the Lancashire Coal-field on the north, which, with that of Flint- 
shire on the west and Poynton on the east, must form one con- 
tinuous sheet (see map). To the south of the axis the coal-measures 
may also be supposed to stretch for a considerable distance, and to 
be continuous with those of Denbighshire and North Staffordshire. 
The southern limits of this coal-tract are in all probability very 
irregular and indented, owing to the proximity of the ancient margin 
of the Carboniferous area. Should the plains of Mid-Cheshire ever 
be pierced in search of coal, which from the enormous thickness of 
the overlying secondary rocks appears hopeless, care will be required 
to avoid striking upon the rocks below the coal, in the line of the 
anticlinal axis and along the southern margin, indicated by the 
lighter shading on the map. 

The Permian Beds on each side of the supposed Awis.—The exist- 
ence of such an axis of elevation as is here indicated, formed at the 
close of the Carboniferous period, and belonging to the ‘ Pendle 
system” of flexures, serves, I think, to explain the difference in 
the character of the Permian formation to the north and to the 
south of such a line in a more satisfactory manner than any other 
hypothesis. The elevation of the Lower Carboniferous rocks into 
ridges, from which the coal-measures were swept away partly by 
atmospheric, partly by marine, denudation, would produce a ridge, or 
ridges, of land-surface dividing the Permian basin on the north from 
that on the south. That the Carboniferous rocks were thrown into 
such ridges flanking the Permian sea, is clear from the position of 
the beds at the northern base of the Pendle range at Clitheroe. To 
admit of this hypothesis, we are not required to adopt a specu- 
lation which has no example in this part of the country; while 
it helps tu solve the problem why the Permian beds on either 
side of this ridge belong to two distinct types, the Salopian and the 
Lancastrian. 

CoNncLUSION. 

In conclusion, I regard the axis under the Cheshire plain as 
merely the prolongation of the Carboniferous barrier which sepa- 
rated. the Permian basin of the north of England from that of 
the Midland counties and Shropshire. The barrier was apparently 
prolonged towards the district of Charnwood Forest, where it was 
composed of Cambrian rocks, and was formed for the most part of 
Mountain Limestone, Yoredale beds, and Millstone Grit, on either side 
of the barrier. The Permian formation itself gives evidence of the 
proximity of land; for on the north side the Magnesian Limestone 
becomes deteriorated both in composition and thickness towards 
Nottingham, and on the other the Permian beds along the skirts of 
the Leicestershire Coal-field are evidently marginal representatives 

OE ee ee 
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of the great formation of Warwickshire. To the north and to the 
south of this barrier the Permian formation exists under two distinct 
phases or types of character; and the occurrence of such a dividing 
ridge as I have indicated seems to offer the most satisfactory ex- 
planation of these differences in composition and arrangement. 

Fig. 3.—Sketch Map of part of Lancashire, Cheshire, and Shropshire, 
showing the position of the concealed ridge of Lower Carboniferous 
Rock, or anticlinal axis, and of the Coal-measures to the north and 
south of the axis. By Edward Hull, FBS. 

—>— 

— 

—— ————— ———— — 

Coal-measures Permian Beds. ‘Triassic Beds Triassic Beds 
at the surface. overlying resting on strata 

, Coal-measures. older than the - 
productive 

Coal-measures. 

EXPLANATION OF MAP. 

This Map is intended to show the position of the existing Coal- 
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fields round the margin of the Triassic plain of Cheshire, and the 
extension of the Coal-measures below the Triassic and Permian 
rocks of the plain. The position of the axis of Lower Carboni- 
ferous rocks from west to east is represented by the unshaded band 
ranging under the banded portion (representing the Trias and Per- 
mian area), and emerging at each side in the tract now formed of 
Lower Carboniferous beds in North Wales and East Cheshire. The 
shaded portion banded with close lines shows the extent of the Cual- 
measures to the north and south of the axis covered by Permian 
and Triassic formations ; and it will be observed that the whole Coal- 
tract, both at the surface and concealed, resolves itself into two great 
coal-fields to the north and to the south of the supposed barrier of 
Lower Carboniferous rocks, that to the north being continuous with 
the Coal-fields of Flintshire, Lancashire, and Cheshire, that to the 
south with the Coal-fields of Denbighshire and North Staffordshire. 
A southerly prolongation of this tract probably connects it with the 
Shrewsbury Coal-field. 

It will be observed that at the northern part of the map, and ex- 
tending inland for some distance from the coast of Lancashire, there 
is a large banded tract of ground covered by Triassic rocks, under 
which, if penetrated, I consider that only the Lower Carboniferous 
beds (below the coal) would be found, the whole of the Coal-measures 
having beea removed by denudation before the Permian period. To 
this tract I have referred in my paper on the relative ages of the 
physical features and lines of elevation of Lancashire (Quart. Journ. 
Geol. Soc. vol. xxiv. p. 333). 

Discussion. 

Prof. Ramsay considered that the lithological differences in the 
Permian rocks of the two areas referred to were hardly so great as 
was supposed by Mr. Hull. 

Mr. Prustwicu remarked that the nearly equal thickness of the 
Permian deposits in the two areas was in favour of their having 
been deposited in continuity. 

Mr. W. W. Smyrx considered that the difference between the 
Permian beds in question was not so great as the author supposed, 
but that the undoubted existence south of Chester of a breadth of 
5 or 6 miles of Bunter Sandstone lying immediately upon the Mill- 
stone Grit, although observed only at one point, was strongly in 
favour of the author’s hypothesis. 

Mr. Hutz stated in reply-that the difference between the two 
groups of Permian rocks to which he had referred was so great as to 
render their identity at first sight very doubtful. The extent of the 
anticlinal at Rushton Spencer is so great that it must be inferred to 
have extended far both to the east and west. 
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2. On the Rev Cuatx of Hunstanton. By the Rev. T. WItTsHrRE, 

| M.A., F.LS., F.G.S. 

Nor far from the apex of the angle which the Wash, opening out 

into the German Ocean, forms on the western coast of Norfolk, is 

situated a cliff of about a mile in 
length and 50 or 60 feet in height, 
on which, at its greatest elevation, 
is erected the Hunstanton Light- 
house. This headland, which gra- 
dually rises from the low ground 
on the north, and finally sinks 
towards the south through the 
effect of local denudation, is re- 
markable, even when viewed from 
a distance, from the circumstance 
that its face is marked by three 
parallel coloured bands, slightly 
inclined, and cropping out in suc- 
cession on the surface soil, of 
which bands the uppermost is 
white, the next bright red, and 
the lowest yellow, each division 
being sharply defined, without any 
intermingling of tints at the lines 
of contact. A close inspection 
shows that the highest stratum, 
the white, consists of a hard cal- 
careous substance, compact in tex- 
ture, and much shattered and 
fissured, originally deposited in 
such a manner that its materials 
were arranged in definite layers, 
two of which (a, b), those forming 
the base, are represented in the 
annexed section drawn to scale. 
The first of these (a), 1m thickness 
about 2 feet 6 inches, is noticeable 
for the presence of an enormous 
quantity of fragments of Inocerame 
dispersed throughout its whole ex- 
tent, and which under the influ- 
ence of weathering impart to this 
portion of the cliff a jagged and 
rough appearance. Its character- 
istic fossils are spines of Cidaris 
vesiculosa, Holaster planus, Ver- 
micularia umbonata, Terebratulina 

Section of Hunstanton Cliff. 

* A thickness of upwards of 30 feet is here omitted for convenience. 
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gracilis, Terebratula semiglobosa, and Plicatula inflata. The band 6, 
in thickness about 1 foot 2 inches, is conspicuous for a meandering 
and many-branched sponge, Stphonia paradoxica, specimens of 
which are visible in the cliff only in short lengths, but on the fallen 
blocks washed by the sea are seen to extend continuously and hori- 
zontally over many square feet of surface. The underside of 6 de- 
parts from the general arrangement in the other courses ; for its base, 
instead of forming a flat or approximately flat floor, is broken up into 
a series of irregularly rounded ridges and hollows, which undulate 
perpendicularly within the limits of a few inches, and are represented 
in the section. The fossils from this bed, }, are not so many (nume- 
rically speaking) as those in a; the chief forms are Siphonia para- 
doxica, Terebratula biplicata, Terebratula semiglobosa, var. undata, 
Kingena lima, Avicula grypheoides, and Inoceramus latus. 

Next in succession, in descending order, is the red stratum, 
locally called the ‘“‘ Red Chalk,” marked by an abundance of organic 
remains, some of which, as Bourgueticrinus rugosus and Terebratula 
capillata, are, in England, special to this deposit. Lithologically, it 
is unlike the beds above it from the fact of its abounding in great 
numbers of rolled and subangular pebbles of quartz, slate, &c., 
which for the most part are of small size and insignificant, though 
occasionally assuming larger dimensions. In appearance it is di- 
visible into three almost. equal portions, of which the first (A) has 
towards its base a large quantity of fragments of Jnoceramz, the second 
and thickest division (B) is rich in Belemnites, and the third and 
lowest (C) yields many Terebratule. 'The bands A and B are 
exceedingly hard and stony, and sufficiently tabular in character to 
have offered a plane of resistance to former upheaving forces, and 
to have afforded great support to the overlying white beds; thus, 
although the whole cliff was evidently, in ancient geological times, 
much disturbed, the perpendicular fissures, which rise out of the 
yellow bands (X, Y), cease just before reaching the layer B, affect 
the red beds to the right and left of the points of application, and 
then start upwards through the white stratum in new positions and 
in greater number. ‘The colouring-matter in A is less equally dis- 
tributed than in B and C, and seems to have been accumulated 
as an envelope around irregular spheroidal masses; in B the tint 
is of a lighter, and in C of a darker shade than in the highest 
division. The middle bed (B) is in substance the hardest and most 
homogeneous of the three; the last (C) is the least compact. Viewed 
in the cliff, A wears a mottled aspect, B a nodular facies, and C 
a plane surface. Towards the base of the bottom bed (C) the hard 
limestone character of the Red Chalk is lost, and the stratum dege- 
nerates into a somewhat sandy incoherent mass, hardly differing 
from the underlying yellow division except in colour. On account 
of the less compact nature of the last of the three red beds, fossils 
are more easily procured from it, have their surfaces in better con- 
dition, and are more readily seen when of small size. Resting on the 
top of A and filling the undulations on the underside of the lowest 
white bed (6), is a bright red argillaceous substance, very friable, 
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without sand, apparently destitute of organic remains, and never 
exceeding two or three inches in thickness. 

The fossils in the three red beds are for the most part similar, 
and suggest the inference that all three bands may be considered as 
forming a single division and composing one geological stratum. In 
the case where certain fossils have been seen only in the lowest 
part, their absence elsewhere may be accounted for on the ground 
that the upper bed (A) is less numerically abundant in organic re- 
mains than are those below, and that the middle bed (B) is so ex- 
ceedingly hard and compact as to diminish the chance of discovering 
fossils. Avicula grypheoides and Spongia paradoxica would seem, 
however, to be special to the upper part of A, the highest of the 
three red beds. The dip of these beds in the cliff is about 2°, to 
the north; sections inland taken at right angles give the same num- 
ber of degrees to the east, 

Many visits to the Hunstanton Cliff, undertaken at intervals 
during the last ten years, have enabled me to gather together a very 
fair collection of the species peculiar to the red beds. The follow- 
ing list, taken from specimens in my cabinet, may therefore be re- 
garded as representing the general fauna of the ‘“‘ Red Chalk.” 
From this list are purposely excluded doubtful species and mere 
varieties of form, those only being introduced which can be safely 
defined. As a matter of interest, the numerical frequency of the 
fossils and their position in the three divisions are recorded. The 
letters v. ¢.,¢., 7., v. r., in the fourth column stand for very common, 
common, rare, and very rare, and imply the relative abundance of 
the various species. The mark x in one or more of the first three 
columns shows that the fossils to which it is affixed have been met 
with in such bed or beds. 

Fossils from the Red Chalk. 

| Highest | Middle | Lowest | Fre- 
Band, A.|Band, B.|Band, C.| quency. 

Spongia paradoxica, Webster ...... *% 
Seyplia tenuis, Hemer. ........., * 
Berenicea regularis, D’Orb......... 
Proboscina dilatata, D’Orb. ...... 
Reptomulticava mamilla, Reuss .... 
Stomatopora longiscuta, D’Orb. .... 
Micrabacia coronula, Gioldf......... 
Cyclolites polymorpha, Goldf.......| .. 
Podoseris mamilliformis, Duncan ..| x 

elongata, Duncan............ » 
Bourgueticrinus rugosus, Ag....... *% 
Torynocrinus canon, Seeley. ...... 
Pentacrinus Fittoni, dust. ........ 
Cidaris gaultina, Forbes .......... 
——,n.s.,spines, Wright (Cret. Echin., 

FC Lisbe OS 19/8) ENG inal tion On 
Pseudodiadema Brongniarti, 4g. .. 

a a 
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/ Highest | Middle | Lowest | Fre- 
| Band, A./Band, B.|Band, C.| quency. 

Pseudodiadema ornatum, Groldf..... oe x x YT. 

Salenia Wiltshirei, Seeley ........ a * % ti 
Holaster suborbicularis, 4g. ...... ae % * eG 
Serpula antiquata, Sow. .......... a *% * t. 

Cristata,y DIU. g. caee cree ence a. eM ae * Yr. 
—— depressa, Goldf. ............ Sa ae *% Tr. 

TUSHICA, DOU e eee. ee ee fat *% “at Yr. 
Vermicularia umbonata, Mant. ....|  .. *% iG Ci 
Pollicipes unguis, J. Sow.......... =: fs *% Weed 
Terebratula biplicata, Broc. ...... *% *% *% Wises 

capillatay, DARI so einlen es ms * * *% rer 
—— semiglobosa, Sow............ *% se * Te 
Terebratulina gracilis, Schl......... % Hi * Ei 
Winoene Tama Dei! ee ie ene oss x *% *% Tr: 
Rhynchonella suleata, Park. ...... “0 %* ® me 
Avicula grypheoides, J. Sow....... * a C. 
HxOpyra conica, SOW: sei <hs aie ole it x* * Yr, 
—— haliotoidea, Sow. ............ % mm r. 
=== elm Naas DVO. lisse: alain: satv'< aver « *% bed rs 
—— Rauliniana, D’Orb........... 5 % r. 
Inoceramus Crispil, Mant. ........ * *x G 

SWLCALUS, OW s oan bee ccc he % r. 
—— subsulcatus, mihi (Pictet et Roux, 

Grés Verts, pl. 42. fig. 1d) ...... % 8s Ts 
tenuis, Mantes the HS alee *% Be ioe 

Lima globosa, J. Sow. .......5.06. a x ate i 
Iteriana, Pictet et Roux ...... sis % vi Vick 

Ostrea Normaniana, D’Orb......... se % G 
—— vesicularis, Zamk. .......... BS, % c 
Pecten Beavert, Sow. 22.2 .s bes *% i) To 
Plicatula pectinoides, Sow. ........ oe * i, 
Spondylus striatus, Sow. .......... x % €. 
Cerithium mosense, Buv........... *% Veus 
Pleurotomiaria, castiof - Fo)... *% he r 
Nautilus albensis, D’Orb........... * we r 

Bouchardianus, D’Orb. ...... * * r 
Ammonites auritus, Sow........... * * c 
—— Beudanti, Brong............. * “ve rf 

TADS) INOW. ae Fee oa ree ee oe : * ye Cc 
—— rostratus, Sow. ...........00. 2S *% a Yr 
Belemnites attenuatus, Sow. ...... % Ke *% Viare 

miminais, Tastes ssc. 3s raed ate * *% * v.c 
uleames, DOD. te ie ees ocd x x * Vos 

Tseiiodony Oe ste cee ee ack ne ce = x 4 r 
Otodus appendiculatus, 4g......... x * % Y 
Plesiosaurus latispinus, Owen (?) ..| x # 

Underlying the Red Chalk is a coarse sandy deposit (X, Y of the 
Section) termed in the district ‘“Carstone,” of a yellow tint, loose 
in composition and full of small pebbles, which are subangular and 
polished. The upper part (X), for about 8 feet, consists of much 
sand, and is succeeded by a dark-brown stratum (Y), in which, at 
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the beginning, the pebbles are of larger size, and in which, after- 
wards, the sandy particles are so loosely held together as to present 
a strong contrast to the massive nature of the white and red beds 
above. Covered by the Carstone and adjoining it is a bed of clay 
marked Z in the section. 

Throughout the space of more than 30 feet below the base of the 
Red Chalk no fossils have been hitherto found at Hunstanton in the 
Carstone, but beyond that distance, and just.above the clay (Z), there 
is a line of nodules (y) in which are numerous specimens of Ammo- 
nites Deshayesi, and occasionally of 4. Cornuelianus ; close to these 
nodules are others of ironstone, very similar to the masses found in 
the Lower Greensand of Blackgang and Shanklin, in the Isle of 
Wight, containing casts of fossils, of which I give the following list, 
the species having been determined by Mr. Etheridge. 

Fossils from Nodules in base of Carstone. 

Wood. Pecten orbicularis, Sow. 
Trigonia, sp. Cardium subhillanum, Leym. 
Leda, sp. Pleurotomaria gigantea. 
Pecten striato-punctatus, Remer. | Ammonites Cornuelianus, D’ Ord. 
Lucina crassa, Sow. Dentalium. 
Isocardia angulata, Phil. Pectunculus. 
Nucula planata, Desh. Terebratula biplicata, Broc. 
Avicula macroptera. Dianchora. 

From this part of the Carstone I have obtained Perna Mulleti, 
Ancyloceras gigas, Pleurotomaria—fossils which, viewed in connexion 
with the presence of Ammonites Deshayest, &c., correlate the portion 
of the Carstone immediately above the Clay (Z) with the base of the 
English Lower Greensand. 

_ By a reference to the section it will be seen that the Hunstanton 
Red Chalk is, in position, lower than the Chalk Marl (a) and higher 
than the Lower Greensand (X, Y) ; the fossils also, it will be ob- 
served, recorded in the list as common to the bed, present a mixture 
of what are generally considered Lower Chalk, Upper Greensand, 
and Gault forms. The mingling together of these species, no less 
than the peculiar aspect of the stratum, has long caused the Red 
Chalk to be a fertile field for discussion in reference to its proper 
position in the geological scale, various writers offering various 
opinions, Mr. C. B. Rose* inclining to its being the equivalent of the 
Gault, Mr. H. Seeley t to its being Upper Greensand, and Mr. Judd+ 
to its combining both formations. If, however, the very fine section 
of the Gault at Folkestone (where the succession of the beds and their 
fossils can be examined in situ) be taken as typical of the English 
Gault, then it will become evident that the “ Red Chalk” is the 
representative of the upper division of that formation; for at 

* «On the Geology of West Norfolk,” Phil. Mag. 1835, vol. vii. p. 180. 
+t ‘Notice of Opinions on the Stratigraphical Position of the Red Lime- 

stone,” Ann. Mag. Nat. Hist. 1861, vol. vii. p. 240. 
t “Strata which form the base of the Lincolnshire Wolds,” Quart. Journ. 

Geol. Soc. vol. xxii. p. 249, 1867. 
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Folkestone, in the limits between 30 feet and 70 feet above the top 
of the Lower Greensand, and still at some distance beneath the 
Upper Greensand, can be found all the Ammonites and Nautili given 
in the previous list, together with the Belemnites and the whole of 
the other species mentioned as peculiar to the Red Chalk, excepting 
only the Amorphozoa, the Corals, Bourgueticrinus rugosus, Toryno- 
crynus canon, Pseudodiadema Brongnarti, P. ornatum, Salema 
Wiltshirei, Holaster suborbicularis, Serpula cristata, S. rustica, Te- 
rebratula capillata, Rhynchonella sulcata, and Spondylus striatus. 
The presence of the varietal form of Jnoceramus sulcatus (which I 
have ventured to name subsulcatus) and the extreme rarity or total 
absence of Inoceramus concentricus are marked features in the 
upper part of the Gault at Folkestone, define a particular zone, and 
correspond with what. is observed at Hunstanton. That a few 
species may not be common to both localities is to be expected, © 
seeing that the two places are 150 miles apart, and that the strata 
must have been deposited at those spots under somewhat different 
conditions, and in a manner which might not be equally favourable 
to certain forms of life. . . 

According to the statements of persons resident in the district 
adjoining Hunstanton, and who have seen inland sections opened 
for agricultural purposes, the blue Gault with its characteristic 
Belemnites rests on the Carstone at Flitcham, 10 miles south of 
Hunstanton, but rather nearer the latter place, and still close 
to Flitcham, a red clay occurs immediately under the white chalk, 
thus connecting the Blue Gault with the ‘‘Red Chalk.” From 
Sandringham, 8 miles south of Hunstanton, the outcrop of the Red 
Chalk can be traced without difficulty and continuously to its last 
appearance on the surface of the ground near the Lighthouse. 

The lithological difference between the Red Chalk with its stony 
hardness and accompanying minute pebbles, and the Blue Gault 
with its soft clay, is no argument against the two being geologically 
equivalent ; for as great a dissimilarity exists in the Carstone. At 
Hunstanton the Carstone stratum is dark yellow and very full of 
pebbles; at Sandringham, at the corresponding portion, it is a pure 
white sand. But the evidence which organic remains and local 
position supply in favour of the Red Chalk being a northern equiva- 
lent of the Gault of Kent is singularly strengthened by testimony of 
quite another kind. Chemical analysis shows that the strong con- 
trast in colour which exists in the case of the Red Chalk and the 
Gault, and which apparently places them apart, is a combining link 
between them, the upper part of the Kentish Gault being as ferru- 
ginous (only under another aspect) as the Red Chalk itself. This 
fact, for which I am indebted to Mr. David Forbes, is described in the 
following extract from a letter written by that gentleman to myself, 
referring to a comparative chemical analysis of the Gault and Red 
Chalk, the part of the Gault selected for the experiment having 
been taken from the Folkestone beds, about 50 or 60 feet above the 
top of the Lower Greensand, where, for some vertical distance, the 
deposit is very homogeneous. 
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«‘ The specimen of Gault,’”’ Mr. Forbes writes, “is, properly speak- 
ing, a marl (not a clay), being a mixture of ferruginous clay with a 
considerable quantity of carbonate of lime. ‘The iron contained in 
it is all in the state of protoxide, amounting to 5°96 per cent., which 
would be equivalent to 6-606 per cent. of sesquioxide (red oxide) 
of iron, or to 4°62 per cent. metallic iron. The Hunstanton Red 
Chalk contains more carbonate of lime and much less clay than 
the above; and all the iron it contains is in the state of sesquioxide 
(red oxide), which amounts to 5-96 per cent., or is equivalent to 
5-28 per cent. of protoxide of iron, or 4:10 metallic iron in the sub- 
stance; it consequently, notwithstanding its red, or what generally 
would be termed ferruginous appearance, in reality does not contain 
quite as much iron as the Gault does, which has no such aspect; 
there seems to be no objection, from a chemico-geological point of 
view, why these rocks may not be representatives of one another. If 
the Gault were subjected to any oxidizing influences it would as- 
sume the red colour of the Hunstanton rocks, as it does also by 
burning.” : 

Summing up, therefore, the evidence brought forward, observing 
that the fossils of the Red Chalk agree for the most part with those 
from the upper portion of the Gault of Folkestone, that the red band 
of Hunstanton agrees in position with the Norfolk Gault as being 
below the Chalk and above the Carstone, that the presence of iron 
brings it into concord with the Gault of Kent, it would appear that 
the Red Chalk is the representative of the upper portion of the 
typical English Gault (as seen in the Folkestone Section), and not of 
the Upper Greensand. - 

If the Upper Greensand exist in the Hunstanton series, its place 
must be in the band 6, which rests on the Red Chalk, and which is 
so abundantly stored with Spongia paradoxica and Avicula gry- 
pheordes. 

Discussion. 

The Presipent remarked that the vertebre from the Red Chalk, 
noticed and exhibited by Mr. Wiltshire, were undoubtedly those of 
Plesiosaurus latispinus of the Upper Greensand ; but associated with 
these were other bones which he could not identify with any part of 
the skeleton of Plescosaurus. | 

Mr. Ernerrnce spoke in confirmation of the author’s views, re- 
ferring especially to the Paleontological evidence. 

Mr. 8. Huenes mentioned a boring near Hitchin where a hard 
sandstone, resembling Carstone, was found immediately below the 
Gault, the latter having a thickness of 280 feet. 

Mr. Davin Forses.remarked on the similarity in the amount of 
iron present in rocks so dissimilar as the Red Chalk and the blue 
clay of the Gault. | 

Prof. Morris noticed the similarity of the Carstone of Hunstanton, 
and its equivalent beds, to the Hilsthon and Hilsconglomerat, espe- 
cially in their containing abundance of pisolitic iron-ore. He then 
adverted to the marked difference of the Lower Greensand of the 
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Midland districts from that of the southern and northern areas in 
England, in which that formation is developed,—the southern exhi- 
biting the entire series of deposits, which seem to reappear in the 
northern area, while in the Midland district the lower members have 
not been observed. 

Mr. Jupp remarked that the conditions of deposition in the North 
and South had been different; the Red Chalk increases northwards, 
from 4 feet at Hunstanton to 30 feet at Speeton. He considered 
that the Carstone does not represent the Tealby series of Lincoln- 
shire, and that it is probably Aptian or Upper Neocomian, but con- 
taining in its lowest part fossils derived from the disintegration of 
Lower Necomian beds, in the same manner as the deposits of phos- 
phatic nodules at Potton and Upware. 

Mr. Wurtaxer objected to the use of chemical characters in the 
identification of beds, and thought that the presence of the same 
fossils did not necessarily prove the identity of the Red Chalk and 
the Gault. . 

Mr. WixtsHire, in reply, maintained the sufficiency of the Pale- 
ontological evidence, that furnished by the species of Ammonites 
being especially remarkable. 

Frprvuary 24, 1869. 

Henry Cook, Esq., M.D., H.M. Bombay Medical Service; Lieut. 
William Innes, R.E.; H. R. Moiser, Esq., Heworth Grange, York ; 
R. Hill Tiddeman, Esq., B.A., Oriel College, Oxford, and Samuel 
Allport, Esq., Snow Hill, Birmingham, were elected Fellows. 

The following communication was read :— 

On the Distrisution of the British Postetactan MammMats. 
By W. Boyp Dawxtns, Esq., M.A., F.R.S., F.G.S, 

§ 1. Introduction. § 8. Cause of unequal distribution. 
§ 2. Distribution through England 9. Relation of Postglacial to Pre- 
i and Wales. glacial Mammals. 
§ 3. Authorities. § 10. Relation of Postglacial to Pre- 
§ 4. Notes on Species. historic Mammals. 
§ 5. Identity of Mammalia of Caves | § 11. Characteristic Postglacial Mam- 

with those of River-beds. mals. 
§ 6. Predominant Animals. 12. Age of the Lower Brick-earths 
§ 7. Postglacial Mammals of Scotland and the Deposit at Clacton. 

and Ireland. § 13. Postglacial Climate. ; 

§ 1. Introduction.—The materials on which this essay is founded 
are the result of ten years’ work on the Pleistocene Mammalia of 
Great Britain, during which every public Museum and private col- 
lection of note in the United Kingdom has been examined, either 
by myself or by some one on whose judgment I could depend. To 
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undertake to chronicle all the Pleistocene Mammals that have been 
found in Britain is a task that cannot be undertaken with any 
degree of satisfaction, because the new discoveries that are daily 
being made render its perfect completion impossible; but, never- 
theless, I prefer to bring before the Society the results at which I 
have arrived at the present time, rather than to await the higher 
knowledge that possibly might have been acquired during the vicis- 
situdes of another decade. In the only English text-book on the 
Fossil Mammals*, the Preglacial Fauna is confused with the Post- 
glacial, and that again with the Prehistoric. There is not even a 
complete list in print of the species that compose any one of these 
three great groups of Mammals. The numerous undescribed species 
in Preglacial collections from the forest-bed of Norfolk and Suffolk 
render it impossible to give a complete list of the Mammalia of that 
formation, or to trace the precise relation that they bear to those of 
the Pliocenes of the south of France and Lombardy. The British 
Prehistoric Mammals have already been defined in the essay that is 
now being printed by the International Congress of Prehistoric 
Archeology?. My present object is to define, as sharply as possible, 
the Postglacial Mammals from those of the preceding and suc- 
ceeding epochs, to show their distribution in Britain, to prove the 
identity of the Cave-fauna with that of the Postglacial River- 
beds, and, lastly, to examine the evidence as to the climate of the 
epoch. | 

The term Postglacial is used as the exact equivalent of the Qua- 
ternary of Mr. Prestwich and the French savants, and the Post- 
pliocene of Sir Charles Lyell, and is applied to that group of animals 
which have been proved, by the labours of Dr. Falconer, M. Lartetz, 
and others to have inhabited France, Germany, and Britain after 
the Glacial period, and which most probably invaded the portions of 
the Preglacial continent that were not submerged while the great 
boulder-drift was falling from the melting icebergs that floated over 
the depressed area in northern Europe. 

§ 2. Distribution of Postglacial Mammals throughout England and 
Wales.—All the cases that I have been able to collect of the occur- 
rence of fossil mammals in the more ancient caves and in the high- 
and low-level gravels of England and Wales, are arranged in the 
following table in natural, and their localities in alphabetical, order. 
All doubtful species have been omitted. For the determination of 
the animals from the caves of Wales I am indebted in part to Mr. 
W. A. Sanford, F.G.S., and the late Dr. Falconer, F.R.S.$; for 
that of the Mammals of Brixham, to Prof. Busk, F.R.8., and for 
those of Salisbury to Dr. Blackmore, F.G.S. 

* British Fossil Mammals, 8vo. 1846. t+ Norwich Meeting, 1868. 
{ Falconer, Paleont. Mem. 1868. Lartet, Comptes Rendus, t. xlvi. 
§ Op. cit. vol. i1. 
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§ 3. Authorities. —The various Museums in which the species 
mentioned in the foregoing table are preserved, together with the 
authorities on which some of the determinations were made, are 
arranged in the following order :— 

Authorities for Cave Mammalia. 

Bacon’s HoLtE.—Swansea Mus., on Dr. Falconer’s authority. Paleeont. 
Mem. vol. ii. pp. 183, 325, 340, 349, 501. 

BAaNWELL.—Beard Collection, Taunton Museum. The remains ascribed 
to this locality in Oxford and London were obtained from some of 
the Mendip caves. 

BencuH Cave.—On the authority of Mr. W. A. Sanford. 
Berry Heap (Ashhole Cavern).—Brit. Museum. Owen, Brit. Foss. 

Mammals. 
BiEespon.—Mus. Taunton. 
Bosco’s Hore.—Swansea Mus., on Dr. Falconer’s authority, Paleeont. 

Mem. vol. 11. pp. 510, 589. 
BoucutTron Cave.—Brit. Mus.; Mus. Oxford; Geol. Soc.; Chichester ; 

Sir Ph. Egerton; Lord Enniskillen. 
Box Hiru.—The remains were exhibited at a meeting of the British 

Association at Bath. 
BrixHaM.—sir Ph. Egerton; Brit. Mus. I have to thank Mr. George 

Busk, F.R.S., for a perfect list of species from this cave. 
Burrineton.—Beard Coll., Mus, Taunton. 
CaswELL Bay.—Mus. Swansea; Oxford. 
Crern.—Mus. Sir Philip Egerton; Dr. Falconer, Paleeont. Mem. vol. ii. 

pp. 210, 541. 
Coyeau Cavre.—Coll. Mr. Hicks (St. Davids); Mr. Allen, Regent’s 

Park. 
Craw LEy Rocx.—Mus. Oxford. 
Crow Hoie.—Swansea Mus., on Dr. Falconer’s authority, Paleeont. Mem. 

vol. i. p. 519. 
DEBORAH DEN.—Swansea Mus., on Dr. Falconer’s authority, Paleeont. 

Mem, vol. il. p. 467. 
DurpHAM Down.—Mus. Bristol ; Lord Enniskillen. 
Houtron.—Mus. Taunton. 
Kenrt’s Hote.—Geol. Soc. Mus.; Collection of Sir Ph. Egerton; Mus. 

of Coll. Surg., of Geol. Survey, of Oxford, of Lord Enniskillen. 
Krrsy Moorsipr.—Mus. Coll. Sure. se ome Be 
KirKpALE.—Brit. Mus.; Mus. Coll. Surg.; Geol. Soc. ; Oxford; Sir Ph. 

Egerton; Lord Enniskillen. 
LLANDEBIE.—Oxford Mus. 
Lone Hore.—On Dr. Falconer’s authority, Paleont. Mem. vol. ii. 

pp. 400, 525, 538. 
Mincuin Hoxre.—Brit. Mus.; Swansea Mus., on the authority of Dr. 

Falconer and Mr. W. A. Sanford, Paleeont. Mem. vol. ii. pp. 181, 
184, 325, 340, 352, 507, 589. 

NortH Hiti Tor.—Falconer’s Memoirs, vol. ii. p. 457. 
OrEstTon.—Brit. Mus. ; Mus. of Leeds, Jermyn Street, and Geol. Society. 
~Pavitanp.—Mus. Oxford; Swansea. I am indebted to Dr. Falconer and 

Mr. W. A. Sanford for part of these determinations. 
PLEASLEY VALE.—Mus. Geological Survey. 
PortTLAND FissureE.—Mus. Oxford; Geological Society. 
eAy ENE COs the authority of Dr. Falconer, Palzeont. Mem. vol. ii. 

p- 519, 
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SanpFrorp Hrrt.—Mus. Taunton. 
Sprirsar Tor.—On the authority of Dr. Falconer, Palaont. Mem. vol. in 

pp. 179, 462, 477, 522. 
Upuity.—Mus. Bath ; Taunton; Sir Philip Egerton. 
WiexswortH.—Mus. Oxford; Dr. Buckland, Reliquize Diluviane. 
Wooxey Horre.—Museums of Brighton, Bristol, Oxford, Taunton, Leeds, 

Lord Enniskillen, Mr. W. A. Sanford, and Mr. James Parker. 
YEW-TREE Cave.—Coll. Dr. Ransom, Nottingham. 

Autherities for River-bed Mammalia, 

Axssots Laneiey.—Coll. Jehn Evans, F.R.S. 
Axsrnepon.—Mus. Oxford. 
ALconBuURY.—On Prof. Owen’s authority, Brit. Foss. Mamm. 
AyLEsForp.— Mus. Chichester; Geological Survey. 
AyMESTRY.—On Prof. Owen’s authority, Brit. Foss. Mamm. 
Batirinepon.—Brit. Mus. 
Barwston.—Mus. York, 
BaRNWELL.—Brit. Mus.; Mus. Cambridge, Quart. Journ. Geol. Soc. vol. 

xxii. p. 470. 
Barnwoop.—Mus. Gloucester. 
Becxrorp.—Coll. in Hereford. 
Beprerp.—Coll. Mr. Wyatt, Quart. Journ. Geol. Soc. vel. xx. p. 184. 
BEMERTON.—Quart. Journ. Geol. Soc. vol. xx. p. 190. 
Bre.Becks.—Mus. York, Philosoph. Mag. vol. vi. p, 225. 
Boncuurcu.—Mus. Coll. Surg. 
BracKLesHAM.—Mus. Chichester; Brit. Mus. 
BRANDSBURTON.—Mus, York. 
BreNTFoRD.—Brit. Mus.; Mus. Cell.Surg.; Mr. T. Layton (Kew Bridge); 

Geological Soc. See Philosoph. Trans. 1833. 
BRICKLEHAMPTON and CroPprHorNE. — Mus. Coll. Surg.; Geological 

Soc. (Strickland’s Mem. p. 96) ; Apperley Court. 
Bripport.—Mus. Coll. Surg. 
BrigHton.—Brit. Mus.; Mus. Geological Survey; Brighton. 
Bromwics Hitt.—Mus. Worcester. ; 
CaMBRIDGE.—Mus. Cambridge; Coll. Surg.; Quart. Journ. Geol. Soc. vol. 

xxii. p. 470. 
Camps Hiit.—Mus. Geological Survey; Quart. Journ. Geol. Soc. vol. 

XXiv. p. 283. 
CanTERBURY.—Brit. Mus. ; Coll. Mr, Deane (Canterbury). The remains 

from Chartham are included under this head. 
CuatTHamM.—Mus. Geol. Soc. 
CuEepzoy.—Coll. Mr. W. A. Sanford. 
CiaptTon.—Brit. Mus. 
Couip Hienam.—Brit. Mus. 
Coren Hatu.—Mus. Sir. P. Egerton. 
Corrorp.—Coll. Mr. John Brown, of Stanway; Brit. Mus. 
CuLtHam.—OColl. Mr. James Parker. 
DerFrorp.—Strickland Coll., Apperley Court. 
Dorxine.—Mus. Geological Survey. 
DroirwicH.—Mus. Worcester. 
Dunkirk, off—Coll. Dr. Bree (Colchester). 
EcKINGTON-ON-AVON.—Strickland Coll., Apperley Court; Mus, Wor- 

cester. 
FawLEeR.—Coll. Mr. James Parker (Oxford). 
FIisHERTON.—Quart. Journ. Geol, Soc. vol. xxi. p, 252; and 

rity of Mr. W. A. Sanford. _ 
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FiLapBury.—Mus. Worcester. 
Fieets Banx.—Mus. Worcester. 
FoLkEstonE.—Mus. Geol. Soc. 
Fresurorp.—Mus. Bath; Rev. H. H. Winwood. 
German OcEaNn.—Coll. Mr. ©. B. Rose, and Mr. Owles (Yarmouth). 
GLoucEsTER.—Mus. Gloucester. 
Green-STREET GreEen.—Brit. Mus.; Mus. Geol. Survey; Sir John 

Lubbock, ‘ Prehistoric Times,’ p. 271. 
Hatston.—Mus. Coll. Surg. 
Hansporovueu.—Coll. James Parker. 
HarRrowbEAN.—Brit. Mus. 
Harsweitu.—Mus. York. 
Harrrire.—Mus. Maidstone ; Geological Survey. 
Harwicu.—Brit. Mus. ; Mus. Colchester; Dr. Bree (Colchester). 

HERNE Bay. Brit. Mus. 
Hieu Luewarpine.—Coll. Rev. W. Symonds (Pendock). 
Hiii-HEAD.—Quart. Journ. Geol. Soc. vol. xx. p. 189. 
Hinton.—Mus. Coll. Sure. 
Hotvuzap Harsour.—Brit. Mus. 
Hoxne.—Mus. Soe. erik ara Oxford; Brit. Mus. 
HUNTINGDONSHIRE, G. N _ B.—Mus. Geological Survey. 
Huriey Borrom.— Mus. Oxford ; Mem. of Geol. Survey, vii. p. 81. 
IckLINGHAM.—Quart. Journ. Geol. Soc. vol. ‘Xxiil. p. 45. 
Irtry.—Mus. Coll. Surg. 
InminsTER.—Mus. Bath. 
Ipswicu.—Brit. Mus.; Mr. R. Fitch (Norwich). 
Iste oF WicHT.—Mus. Geological Survey. 
Kew.—Coll. Mr. T. Layton ( Kew Bridge). 
Lark Haru.—Mus. Bath; Rev. H.. H. Winwood. 
LawForp.—Mus. Oxford; Sir P. Egerton. 
Lrrps.—Mus. Leeds. 
Lexpen.—Mus. Cambridge ; Geological Survey; Rev. O. Fisher; Brit. 

Mus. - 
LirttLteE ComBrerton.—Mus. Worcester. 
Lonpon.—Under this head are included Deptford, Gray’s-inn-Lane, 

Camden Town, Chelsea, and other suburbs. Mus. Coll. Surg., of 
My. J. Wetherell, Geological Survey, and British Mus. 

Loxproox.—Coll. Rev. H. H. Winwood. 
MarpEnHEAD.—Brit. Mus.; Quart. Journ. Geol. Soc. xii. p. 124. 
Matvern.—Mus. Geological Survey.. 
Mitrorp Hiiu.—Quart. Journ. Geol. Soc. xxi. p. 250. 
MovrsHam.—Brit. Mus. ; Mus, Geological Survey. 
Murston.—Mus. Geological Survey. 
NEWINGTON. —Mus. Geological Survey. 
No MANn’s SHoAL.—Brit. Mus. 
OrrErHamM.—Mus. Geol. Survey. 
OvuNDLE.—Brit. Mus. 
OvertTon.—Mus. York. 
Oxrorp.—Oxford Mus. Some cf these remains were dredged out of the 

Cherwell. 
PEASMARSH.—Prestwich, Quart. : ourn. Geol. Soc. Aug. i 
PrckHAM.—Brit. Mus. 
PETTRIDGE Common.—Mus. eral ‘Sacre 
PiymoutH RatsEp Bracu.—Mus. Coll. Surg. 
REcULVERS.—Quart. Journ. Geol. Soc. xxiii. p. 50. 
Ruesy.—Brit. Mus.; Mus. Cambridge. 
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Sarnt Aupries.— Mus. Taunton; Sir Alexander Hood. 
SITTINGBOURNE.—Mus. Geol. Survey; Dr. Grayling. 
Stour VaLtey.—Brit. Mus. 
Strroup.—Coll. Mr. Lucy (Gloucester). 
TEWKESBURY.—On the authority of Prof. Owen (Brit. Foss. Mamm.). 
THamME.—Coll. Mr. T. Coddrington ; Quart. Journ. Geol. Soc. xx. p. 374. 
THAMES, LowEer.—Brit. Mus.; Mus. Coll. Surg. 
THETFORD.—Quart. Journ. Geol. Soc. xxiii. p. 45, 
TispuRyY.—Brit. Mus. Mus. Geological Survey. 
Tootine. —Mus. Geological Survey. 
Watrton.—Brit. Mus. ; Mus. Cambridge, Colchester, Geological Survey, 

Oxford, Geological Soc., and Dr. Bree. 
WEALDEN AREA.—Mus. Folkestone. 
WEsTON-SUPER-MARE.—Geological Mag. vol. iii. p, 115. 
WuitsTaBLE.—Brit. Mus. 
Witton gait.—Mus, Taunton. 
Winpsor.—Mus. Geological Survey; Captain Luard, R.E. 
Woopstock Roap Stration.—Coll. Mr. James Parker. 
WorcrEsTER MusEum.— Worcester. 
Wrre.—Strickland Coll., Apperley Court. 
YarMoutTH.—Brit. Mus.; Mr. Nash (Yarmouth). 

§ 4. Notes on the Species.—-Order Carnivora, family Ursida, 
species Ursus ferox. The'existence of the Grizzly Bear in Europe 
was proved by Prof. Busk in 1867*, as well as its probable identity 
with U. priscus of Dr. Schmerling. It is probably also identical with 
the Ursus Leiodensis of the latter author, and with the U. Bourgui- 
gnati from the Maritime Alps, described by M. Lartet in the Annales 
des Sciences Naturellesr. 

Order Carnivora, family Mustelide, species Gulo luscus. The 
Wolverine, or Glutton, the great pest of the fur-hunters of Siberia 
and North America, has been determined as a British fossil by Mr. 
W. A. Sanford. ‘Two of the characteristic canines of that animal 
have been found in the Mendip caves, in Banwell and Bleadon, and 
are preserved in the Taunton museum. 

Order Carnivora, family Felide, species Felis pardus. The ex- 
istence of the Panther in Britain was proved in 1865, by a canine 
from Banwell Cave, in the collection of the Earl of Enniskillen, and 
by two canines, a molar, femur, ulna, and two metatarsals from the 
Bleadon Cave ft. It is most probably identical with the F. antiqua 
of Cuvier, from the osseous breccia of Cette §. 

Order Carnivora, family Felide, species Felis leo, var. spelea. 
The specific identity of Felis spelea with the living F. leo of Africa 
and Asia has been proved in the monograph on the animal published 
by the Paleontographical Society ||. 

Order Carnivora, family Felide, species Felis lynx. We are 
indebted to Dr. Ransom for the discovery of a lower jaw and skull 

* Quart. Journ. Geol. Soe. vol. xxiii. p. 342. 
t 5° Série, tome viii. p. 157, pl. ix. 
t See Cat. Taunton Mus. Nos. 616-623. 

_ § This was also the opinion of the late Dr. Falconer, expressed verbally 
to me. || British Pleistocene Mammalia, Parts I., II., III: 
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of an animal hitherto unknown in Britain, in a fissure that penetrates 
the Permian limestone of Pleasley Vale, termed the Yew-tree Cave. 
They were associated with the remains of wolf, fox, roedeer, and 
other animals. ‘‘ No confident opinion, founded on the position of 
the bones on the floor of the cave, could be formed as to their rela- 
tive ages, as the dribbling of water through the loose stones of the 
floor carries away aid displaces the mud and objects imbedded in 
it’”’*, The geological age, therefore, of the remains in the cave can- 
not be determined with absolute certainty. So far as the internal 
evidence goes, they may be of Prehistoric or even of Historic date, 
with as great probability as Postglacial; but, nevertheless, there 
are two circumstances which render the latter hypothesis the most 
tenable. The Tichorhine Rhinoceros, Mammoth, and Bison have 
been found in a cavein the neighbourhood ; and therefore Postglacial 
mammals occupied that district. In the second place, the carnivore 
in question must have crossed over into Derbyshire while Britain 
formed part of the mainland of Europe, or, in other words, during 
the Postglacial epoch; for it is impossible to suppose that it could 
have invaded our island from France or Germany during Prehistoric 
times, and that it should have been brought over by the care of man 
is most unlikely. I have therefore felt justified in considering it a 
member of the Postglacial Fauna, although direct evidence is want- 
ing. It is undistinguishable from the Lynx inhabiting Norway at 
the present day. 

Order Carnivora, genus Machairodus, species Machairodus latidens, 
Owen. The fact that, out of all the numerous localities in which the 
remains of fossil mammals have been found in Britain, Kent’s 
Hole Cavern alone should have furnished traces of this most for- 
midable Pliocene carnivore, inclined the late Dr. Falconer to doubt 
its having been found in that cavernt. The canines on which the 
species is founded are four in number, and are preserved in the British 
Museum, and in those of Oxford, the College of Surgeons, and the 
Geological Society. Their mineral condition and the colour of the 
adherent matrix are identical with those of the Kent’s-Hole fossils ; 
and the manuscripts of their discoverer, the Rev. J. MacKnery, 
published in 18594, prove, beyond all doubt, that the Cultridens 
(=Machairodus) was found in the cave along with ‘“ Elephants, 
Hilks, Horses, Hyena, and myriads of Rodentia.” The teeth in 
question also can be satisfactorily traced from the MacHKnery collec- 
tion to the museums in which they are preserved: those in the 
British and Oxford Museums were purchased and presented by Dr. 
Lovell Phillips; that in the Museum of the College of Surgeons was 
presented by Lord Enniskillen, for whom, most probably, it was 
purchased by Dr. Battersby; while that in the Museum of the 
Geological Society was presented by Mrs. Cazalet, along with other 
remains from the cave. The incisor figured by Prof. Owen in the 

* British Association Report, Nottingham, 1866, paper read before Section C. 
t+ Paleontological Memoirs, vol. ii. p. 549. 
t Cavern Researches, Pe the late Rev. J. MacHEnery, F.G.S.; edited by E. 

Vivian, Esq. 8vo, pp, 32, 33 
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‘British Fossil Mammals,’ fig. 70, and reproduced by M. Gervais as 
a British specimen, cannot now be traced, and therefore cannot be 
admitted in evidence of the existence of Machuirodus in Britain. 
Dr. Falconer inclines to the belief that the Machairodus latidens was 
specifically identical with the M. cultridens of the Val d’Arno; but 
since the remains are so very fragmentary, and since they are indis- 
putably broader in proportion to their length than the Italian speci- 
mens, it is safer to preserve Prof. Owen’s name in the English 
nomenciature. 

Order Ruminantia, family Cervide, species Cervus megaceros, Hart, 
There seems to be no reason for exchanging the name Cervus me- 
gaceros, proposed by Dr. Hart * in 1830, for that of Megaceros hiber- 
nicus, proposed by Professor Owen in 1843, since no difference of even 
subgeneric value has been adduced to separate it from the great 
genus Cervusy. It is identical with the Cervus giganteus of M. 
Gervais, and the C. euryceros of Dr. Falconer. 

Order Ruminantia, family Cervide, species Cervus tarandus. 
Cervus tarandus, L., includes Cervus priscus, Cuv., C. guettardi, Cuv., 
and C. Bucklandi, Owen, which have been proved, by the large 
series of antlers from Gower § and the Mendip caves, to be merely 
varietal forms assumed by the antlers of one and the same species. 

Order Ruminantia, family Cervide, species Cervus elaphus. The 
fragment of Cervine antler from Kent’s Hole, on which Prof. Owen 
founds his species Strongyloceros spelcus ||, cannot be differentiated, 
save by its slightly larger size, from the corresponding portion of 
the antler of the Red Deer. It forms one extreme of a series pass- 
ing from the largest fossil to the smallest living antler, and there- 
fore cannot be said to indicate a new Cervine species. The right 
lower ramus, figured (fig. 195) as Cervine, and ascribed to Strongy- 
loceros speleeus ?, is proved, by the large development of the accessory 
column in the true molars 1 and 2, to belong not to a Cervine but 
to a Bovine species. In the absence, therefore, of evidence to the 
contrary, Strongyloceros speleus is included under Cervus ela- 
phus, L. 

Order Ruminantia, family Ovide, species Ovibos moschatus. The 
Musk-Sheep, more commonly called, from its size, the Musk-Ox, has 
been proved by M. Lartet{], De Blainville**, and myself tt to have 
nothing in common with the ox or buffalo tribe, save its large size. 
The name, therefore, Ovibos moschatus, proposed by De Blainville 
in 1816, and indorsed by the high authority of Sir John Richard- 
sontt, must be accepted instead of the name Bubalus moschatus pro- 

* A Description of the Skeleton of the Fossil Deer of Ireland. 8vo. 1830. 
tT Owen, Report of British Association, 1843, p. 237; Brit. Foss. Mammals, 
445. 

a t Cuvier, Oss. Foss. tome iv. pl. vi. figs. 14-17, pl. vii. fig. 11. Owen, Brit, 
Foss. Mammals, p . 485, fig. 200. 

§ Falconer, Pale eatoleeal Memoirs, vol. ii. p. 525. 
|| Brit. Foss. Mammals, p. 469, fig. 193. 
{ Comptes Rendus, tome lviii. p. 26. ** Bull. Soc. Philom. 1816, p. 81. 
tt Essay on Ovibos moschatus, in the possession of the Hoya Society. 
tt Zool. H.MLS. ‘ Herald,’ 1852. 
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posed by Prof. Owen in 1856*, under the mistaken idea that the 
skull found at Maidenhead belonged to the same genus as that of 
the Cape Buffalo. There is nothing in common between the skulls 
of the two animals except the superficial resemblance of the down- 
ward direction of the horncores +. 

Order Perissodactyla, genus Rhinoceros, species Rhinoceros lepto- 
rhinus, Owen. ‘This term is used as the exact equivalent of the &. 
hemitochus of Dr. Falconer, and of the R. Merckii of M. Lartet. If 
the validity of the species Jt. leptorhinus of Cuvier be proved by 
subsequent investigation, 2. leptorhinus of Owen must be exchanged 
for Rf. hemitechus of Falconer, and Cuvier’s species must be taken 
to represent R. megarhinus of Christol. 

Order Proboscidea, genus Hlephas, species Hlephas antiquus, 
Fale. This species includes also the Elephas priscus that was pro- 
posed by Dr. Falconer, and afterwards withdrawn. 

With the exception of the above species, there are none deserving 
of any especial note among the Postglacial Mammals, there being 
no clash of opinion among scientific men as to their nomenclature 
or affinities. 

Three animals have been purposely omitted from the list of Post- 
glacial species :—the Fallow deer (Cervus dama), which is doubtfully 
inserted by Prof. Owen, but which really cannot boast an antiquity 
in this country higher than that of the Roman occupation; the 
small Short-horn (Bos longifrons), which did not make its appear- 
ance in Europe until the characteristic Postglacial mammals had 
passed away; and the Capra hircus, which was brought to this country 
probably by the hand of man during the Prehistoric epoch. 

The Squirrel and the smaller rodents wild in Britain probably 
crossed over to this country during the Postglacial epoch, although 
the former, from its arboreal habits, and the majority of the latter, 
from their small size, have not been found in any deposit of that 
age. It would have been impossible for them to have invaded 
Britain after its insulation from the mainland of Europe. 

§ 5. Identity of the Mammalia of the Caves with those of the River- 
beds.— We have now to discuss the inferences which necessarily flow 
from the foregoing data. And first as regards the relation of the 
fossil mammals of the caves to those of the river-deposits. Dr. 
Falconer, in his memorable essay on the Caves of Gowert, established 
the fact that all the caves in Britain with which he was acquainted 
belong to one and the same Postglacial geological epoch. A glance 
at the table of distribution shows, not only the truth of this con- 
clusion, but further, that the entire group of cave-mammals is iden- 
tical with that of the river-deposits. Out of a sum total of 47 
mammals found in both, Rhinoceros megarhinus and Cervus Browns 
being excepted, there are but 15 cave-mammals that have not been 
found in the latter, namely, two species of Bat, the Glutton, Badger, 
Ermine, Stoat, Otter, Panther, Lynx, Machairodus, Elk, Spermo- 

* Quart. Journ. Geol. Soe. vol. xii. p. 124. 
t On this point the Osteological Catalogue of the Oxford Museum, No. 582, 

gives ample details. ¢ Op. eit. vol. 11. 
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philus erythrogenoides, Arvicola pratensis, A. agrestis, and A. am- 
phibius. None of these are of any special value in classification 
except the Machairodus, to the discussion of which animal we shall 
return. On the other hand, out of 31 mammals found in the river- 
deposits there is only one, the Musk-Sheep, which has not been 
found in the eaves. There can, therefore, be no doubt that the 
deposits in the caverns are paleontologically synchronous with those 
in the river-beds. 

§ 6. Predominant Animals.—Fossil remains indicate the compara- 
tive numbers of the animals to which they belonged, only when their 
destructibility and size are taken into consideration. Thus the 
stone-like molars of the Mammoth would survive the destruction of 
all traces of the bones of the smaller animals, and remain in many 
instances as the sole evidence that Postglacial mammals ever dwelt 
in the area where they were found. The carnivores also must neces- 
sarily be fewer in number than their prey, the herbivora; and 
therefore their remains must also be more rare. Moreover the 
ruminants that shed their antlers annually cannot be compared 
with those of their order with persistent horns, because out of equal 
numbers of each the former will leave far more abundant traces. 
Keeping these facts in mind, it is not at all remarkable that the 
Mammoth should be more abundantly found in England than any 
other mammal; but when it is compared with Elephas antiquus it 
will be seen that their relative numbers stand in the proportion of 
82 to 30*. Had all the cases of the isolated occurrence of the 
former animal been noted, the numerical difference would have been 
far greater. The tichorhine Rhinoceros stands in relation to the 
leptorhine in the proportion of 54 to 18; the Reindeer to the Red- 
deer and Roedeer as 44 to 30 and 8. The numerical proportion of 
the Bison to the Urus was as 49 to 27; that of the Hyena spelea 
to the Cave Lion as 29 to 28; that of the Wolf to the Fox as 27 to 
22. The few traces of the Musk-Sheep show that it was a stranger, 
and very rare in Britain, as compared with Bisons and Uri. 

The comparatively few traces of man that have been found, when 
the indestructibility of his implements of stone and chert is taken 
into consideration, prove that he was not only few in numbers, but 
also that for a very long period he did not use flint implements in 
Britain f. 

§ 7. Postglacial Mammals of Scotland and Ireland.—The number 
of the localities in England and Wales that have furnished Post- 
glacial mammals is at the least 148. We will proceed now to the 
examination of those found in Scotland. The earliest recorded dis- 
covery is that made in 1817, of the Mammoth in the parish of 

* The 36 caves added to 112 river-deposits furnish the common denomi- 
nator, 148, to these numbers. 

+ I am indebted to Mr. John Evans, F.R.S., for the following additional 
localities that have furnished palzolithic implements—Bournemonth, Fording- 
bridge, Isle of Wight, Swalecliff, Canterbury, Highbury, King’s Lynn, Bury 
St. Edmunds, Brandon, Shrub Hill; and to Mr. Whitaker, F.G-.S., for the fol- 
lowing—Horton Kirby, in the valley of the Darent, Luton, Shefford, Valley of 
Medway south of Rochester (Kent). 
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Kilmaurs in Ayrshire *, in a deposit of sand and clay, which has 
been proved by Mr. Bryce to underlie the till. Antlers of Reindeer 
have also been obtained from the same stratum, and are now de- 
posited in the Hunterian Museum, Glasgow. The remarkable fact 
that these two animals were derived from beds underneath the till 
does not imply that Scotland has been submerged since they lived 
in that country; for it is very probable, as Mr. Geikie + has shown, 
that the till in some places is the result of the melting of land-ice, 
and not of icebergs floating on the sea. The second instance on 
record is that of the Mammoth from the Union Canal, between 
Edinburgh and Falkirk +. A tusk was found at Clifton Hall in the 
stiff boulder-clay, 15 or 20 feet from the surface, in such preserva- 
tion that it was sold to an ivory-turner for £2. Before it 
was rescued by Sir Gibson Maitland it had been sawn asunder for the 
manufacture of chessmen. The third locality is that of Chapel Hall§, 
near Airdrie, in Dumbartonshire, where a bone of the Mammoth 
was obtained from a deposit underlying the till, at a height of 
350 feet above the sea. Mr. Geikie assigns the Reindeer-antler 
found in a cutting of the Forth and Clyde Junction Railway, in the 
parish of Kilmarnock ||, to the period of the till. It was obtained 
from a bed of blue clay, at a height of about 100 feet above the sea. 
Mr. James Geikie has also described the occurrence of a skull of 
Urus in a lacustrine deposit intercalated in the boulder-drift at 
Croftshead, Renfrewshire 4. 

With the exception of these five cases, I know of no evi- 
dence that Postglacial mammals ever existed in Scotland. The 
remains of other animals, such as Urus, Reddeer, and the like, have 
been obtained from marl-beds underlying the peat or from alluvia, 
which are Prehistoric and not Postglacial. 

In Ireland ** there are two localities only that have furnished re- 
mains of indisputably Postglacial age. Four teeth of the Mammoth 
were found, in digging the foundations of a house, at Maghery, near 
Belturbet, in Cavan. In the south, a cave near Dungarvan has 
furnished the remains of Ursus (U. speleus? U. arctos?), Mammoth, 
and Reindeer. A tusk of Hippopotamus, which I have been unable 
to trace, is also quoted, by Mr. Scott, from the boulder-clay of Car- 
rickfergus; but the account of its discovery is not circumstantial. 

Thus there is evidence that, for some reason or other, the Post- 
glacial mammals, so abundant in England, were extremely rare both 
in Scotland and Ireland. 

§ 8. Cause of unequal distributeon—What adequate cause, then, 
can be assigned for the unequal distribution of the mammals in the 

* Mem. Wern. Soc. vol. iv. p. 64. 
“+ Trans. Geol. Soc. Glasgow, vol. i. part ii. p. 70; Quart. Journ. Geol. Soe. vol. 

xxi. p. 213. 
t Mem. Wern. Soc. vol. iv. p. 58. . 
§ Proc. Geol. Soe. vol. iii. p. 415. See Bryce, Geol. Arran, p. 9. 
|| Edin. New Phil. Journ. N.S. vol. vi. p. 105; Trans. Geol. Soc. Glasgow, 

vol. i. part 1. p. 71. 
{ Geological Magazine, vol. v. pp. 393, 486, 535. 
** Journ. Geol. Soc. Dublin, Feh. 10th, 1864, vol. x. p. 103. 



1869. | DAWKINS—BRITISH POSTGLACIAL MAMMALS, 209 

superficial deposits of Great Britain and Ireland? The fact that 
they are not altogether absent from Scotland and Ireland would im- 
ply that those two countries were not insulated from the mainland 
of Europe during the whole of the Postglacial epoch. And yet 
there must have been some barrier to prevent their immigration. 
It is undoubtedly true that since Scotland was submerged to a depth 
of 2000 feet (deeper than any other part of Britain has yet been 
proved to have been submerged), the Scotch lowlands would emerge 
from the waves of the glacial sea long after middle and south Bri- 
tain had been occupied by the Postglacial mammals, if the rate of 
elevation were equal over the whole British area; their remains, 
therefore, might be expected to be more rarely met with in Scotland 
than in England. Sir Charles Lyell* accounts in this manner for the 
rarity of Postglacial mammals in Ireland. But while this may be 
one of the causes, ifseems to be only secondary and subordinate to 
another which as yet has not been explamed. A map on which I 
have laid down the distribution of the Postglacial mammals in the 
United Kingdom (and which any one can construct for himself by 
using the Table of distribution) shows large areas in which I have 
no evidence that Postglacial Mammalia have as yet been discovered. 
A line drawn from St. David’s Head due east as far as Hereford, 
and thence passing northwards through Shrewsbury, and sweeping 
round in a westerly direction through St. Asaph as far as Holyhead, 
circumscribes with the sea-board a region which is singularly devoid 
of Postglacial mammals, but which has been proved by Professor 
Ramsay to be full of traces of terrestrial glacial action. Again, a 
line drawn from the mouth of the Ribble to that of the Tees is the 
southern boundary of the barren area of Cumberland, Westmoreland, 
North Lancashire and Northumberland, in which Mr. Hull has met 
with unequivocal traces of the former existence of glacierst. In 
Scotland and Ireland the proofs of long-continued subaerial glaci- 
ation are most ample and abundant t. 

These areas therefore agree, not only in the rarity or absence of 
the fossil mammals, but also in presenting traces of the action of 
land-ice. If the two phenomena be coupled together we have in 
my opinion a vera causa. If we suppose that the ice-sheet, the 
work of which looks so fresh and recent in these areas, was in ex- 
istence while the Postglacial mammals were dwelling in Britain, 
their scarcity or absence must of necessity follow. In Scotland, the 
fact that in two cases the Mammoth has been found underneath, 
and in one case in the midst of the till, implies that in that country 
glacial phenomena were going on while Postglacial mammals were 
living in the neighbourhood. Both Mr. A. Geikie and Sir Charles 
Lyell agree in the belief that the glaciers had not forsaken the Scotch 
highlands in the days when man dwelt on the banks of the Somme 
and in the valley of the Thames. On the whole, therefore, it may 
be assumed, with a very high degree of probability, that the higher 
grounds of North Wales and of the barren areas in England and 

* Antiquity of Man. + Edinburgh New Phil. Journ. 1860. 
+ Geikie, Trans. Geol. Soc. Glasgow, vol. i. pl. 2. 
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Ireland were covered with an ice-mantle wt the same time that the 
Mammoth, Reindeer, and other Postglacial animals were living in 
the lower and less inclement districts. The evidence of distribution 
is most important in carrying out this correlation. 

§ 9. Relation of Postglacial to Preglanal Mammals.—We have 
now to discuss the relation of the Postglacial mammals to those 
that inhabited the counties of Norfolk and Suffolk, and roamed over 
the ancient plain which extended from the Wash to the mouth of 
the Rhine in Preglacial times. First of all we must define what the 
Preglacial mammals are. The following very incomplete list is the 
result of the examination of all the remains from the Forest-bed in 
the King, Gunn, Gurney, and Layton collections, and in the Museums 
of London, Oxford, Cambridge, and Norwich, as well as those in pri- 
vate hands in Cromer and Yarmouth. 

List of Preglacial Mammals. 

Ursus Arvernensis. Bos primigenius. 
U. spelzus (? Etruscus). Hippopotamus major. 
Sorex. Equus fossilis. 
Mygale moschata. Rhinoceros megarhinus. 
Talpa Europea. R. Etruscus. 
Cervus megaceros ? Elephas antiquus. 
C. capreolus. FE, meridionalis. 
C. elaphus. Arvicola amphibia. 
C. Sedgwickii. Castor fiber. 
C. Ardeus. Trogontherium Cuvieri. 

Besides these, there are many specific forms which cannot be de- 
termined until they have been carefully compared with those of the 
Pliocenes of the South of France and Lombardy. To this list Dr. 
Falconer would add the Mammoth ; but a careful investigation into 
the evidence which was supposed to establish its Preglacial age has 
convinced me that the inference is faulty. The specimens reputed 
to come from the forest-bed are, in every case, mere waifs and strays 
thrown up by the sea between high- and low-water mark, or very 
possibly derived from the gravels and sands above the boulder-clay. 
The remains dredged up from the bed of the sea, in the collection of 
Mr. Owles, establish the fact that a Postglacial. deposit containing 
Reindeer, Tichorhine Rhinoceros, and Mammoth exists off Yarmouth, 
which very probably was the source whence some of the drifted re- 
mains were ultimately derived. 

Out of these nineteen animals that inhabited Britain before the 
deposit of the boulder-clay, all but seven survived the great Glacial 
change, and formed an integral portion of the Postglacial fauna. 
The seven exceptions consist of Ursus Arvernensis, Rhinoceros Etrus- 
cus, Hlephas meridionalis, Cervus ardeus, Cervus Sedquickir, Trogon- 
therium, and Mygale moschata, the latter of which still flourishes on 
the banks of the Don and Volga. To these the Pliocene species 
Rhinoceros megarhinus might have been added, had it not occurred in 
the Lower brickearths of the Thames Valley. The eleven or twelve 
survivors bind together indissolubly the Pre- and Postglacial groups, 
and forbid the idea of the existence of any gap or lacuna which 
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would warrant the classification of the one as Tertiary and the other 
as Quaternary. 

All the Preglacial animals now alive are to be found in temperate 
regions; and there is every reason to believe that the extinct species 
also rejoiced in a temperate or moderately warm climate. 
We have now the materials for the definition of the Postglacial 

mammals. The Preglacial Ursus speleus?, Sorex, Talpa Europea, Cer- 
vus megaceros?, C’. capreolus, C. elaphus, Bos primigenius, Hippopota- 
mus major, Hquus fossilis, Hlephas antiquus and Castor fiber held their 
own ground against the invaders from other geographical provinces. 
The Leptorhine Rhinoceros of Owen, although absent from the forest- 
bed, is found abundantly in the Pliocenes in the north of Italy. All 
that can be said about the Cats, the Brown and Grizzly Bears, the 
Badger, Ermine, Stoat, Otter, Wolf and Fox, Bison, Wild Boar, 
Hare, Rabbit, Arvicola agrestis, A. pratensis, and the common Mouse, 
is that none of them have yet been found in the Forest-bed. The 
remaining group of Postglacial mammals, consisting of the Glutton, 
the Reindeer, Elk, Musk-sheep, two kinds of pouched Marmots, 
the Cave-pika, tie Lemming, and the two extinct species Rhinoceros 
tichorhinus and Hlephas primigenius, appear in strong contrast to the 
other animals. They probably migrated, as M. Lartet has suggested, 
from their ancient home in Siberia ; and their advent in Britain de- 
fines the Postglacial from the Preglacial fauna. The presence of 
Paleolithic Man, the Cave-lion, and Cave-hyzena may also be con- 
sidered characteristic. 

§ 10. Relation of Postglacial to Prehistoric Mammals.—The Sheep, 
Goat, Bos longifrons, and Dog make their appearance for the first 
time in the Prehistoric epoch in alluvia and bone-caves, sometimes 
with and sometimes without the traces of Man. All four are found 
round the Pfahlbauten of the Stone age in Switzerland *; and there 
is no evidence against the supposition that they may have been 
introduced by the hand of man into Central and Western Europe. 
The whole group of Postglacial Pachydermata, as well as the Cave- 
lion, Cave-hyzena, and Cave-bear, the Lynx, Machairodus, and all 
the northern Mammalia, with the exception of the Elk and Rein- 
deer, had vanished away at the close of the Postglacial epoch. The 
Bison, moreover, was no longer found in our island. The rest of the 
Postglacial mammals, comprising, for the most part, the smaller 
species, lived on, such as the Brown Bear, Irish Elk, and the others 
that are given in the Table of distribution. 

§ 11. Characteristic Postglacial Mammals.—The following may 
be regarded as the fossil mammals that characterize British Post- 
glacial deposits from those that went before and followed after :— 

Paleolithic Man. The Musk-sheep. 
The Glutton. The tichorhine Rhinoceros. 
The Cave-bear ? The Mammoth. 
The Grizzly Bear? The Lemming. 
The Cave-lion. The Cave-pika. 
The Cave-hyzna. The Pouched Marmot. 
The Panther ? Spermophilus erythrogenoides. 

* Ritimeyer, Fauna der Pfahibauten. 

VOL. XXV.—PART I. Q 
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§ 12. The Age of the Lower Brick-earths of the Thames Valley, and 
of the deposit at Clacton—In the foregoing Table of distribution of 
British Postglacial Mammals I have not classified the river-deposits 
of Clacton, Grays, Ilford, and Crayford with those undoubtedly Post- 
glacial, because of the conflicting evidence of their faunas as to their 
true place in the geological scale. The list of Mammalia found in 
them is inserted in the Table of distribution immediately after those 
from the forest-bed. We will proceed to sum up the whole of the 
paleontological evidence which they offer. 

The occurrence at Clacton * of the Rhinoceros leptorhinus of Owen, 
of Elephas antiquus, Hippopotamus major, Irish Elk, Horse, and 
Urus may be accounted for equally well by the assumption of its 
Pre- or Postglacial age; for these animals dwelt in Europe both 
before and after the Glacial epoch. A new species of Deer, Cervus 
Browni, is closely allied to the Fallow Deer that ranges in a wild 
state only over the warm districts around the Mediterranean. The 
Bison points in the Postglacial direction ; but it will most probably 
be proved by future investigations on the Continent to have lived 
in Europe during the Preglacial period. At least the number of 
Preglacial localities that have been examined is not sufficiently large 
to give value to the induction that, because it has not been noted, 
therefore it did not exist. For the most part it has been con- 
founded by naturalists with the Urus and Bos longifrons. The 
Cave-lion, on the other hand, has been so well determined that the 
balance of evidence is in favour of its Postglacial age. With its 
exception, then, there is nothing that forbids the supposition of the 
Preglacial age of the deposit ; but nevertheless, since the charac- 
teristic mammals of the Forest-bed are absent, it would be hazardous 
to ascribe it to that age. And in the same way, since the Reindeer, 
Mammoth, Tichorhine Rhinoceros, and other equally common and 
characteristic Postglacial mammals are also absent, it cannot be said 
to belong to the class of deposits that contain their remains. We 
are therefore justified in assuming that it represents in point of 
geological time an epoch during which some of the more hardy 
Preglacial and Phocene species lived under a temperature too severe 
for the more delicate of their congeners, and not cold enough for the 
invasion of the Reindeer and the allied Arctic forms. 

The Lower Brickearths of the Thames Valley at Ilford, Grays 
Thurrock, and Crayford contain the remains of Rhinoceros mega- 
rhinus, which has not yet been yielded, in France, Germany, or 
Italy, by any strata of later age than the Pliocene, and are therefore 
brought into more intimate relation with that epoch than any other 
of the deposits undoubtedly Postglacial. But nevertheless the 
evidence afforded by the Mammoth, Tichorhine Rhinoceros, Cave- 
lion and Cave-hyzna is in favour of their Postglacial date. And this 
inference is strongly corroborated by my discovery of a skull of a 
Musk-sheep at Crayford since the essay on the Lower Brickearths 
was writtent. How, then, can we reconcile the clash of evidence ? 

* Geol. Magazine, vol. v. p. 213. 
t Quart. Journ. Geol. Soc. May 1867, p. 91. 
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Could the Megarhine or Southern species of Rhinoceros have dwelt 
under the same climate as the Musk-sheep? I think this altogether 
impossible. Had the constitution of the former animal been suffi- 
ciently elastic, it would have held its own ground against the in- 
vading animals from the north and east after the manner of its 
fellow the &. leptorhinus of the French and Italian Pliocenes. 
There is, however, one view that has the merit of explaining the 
difficulty, and which therefore is probably. true. During the de- 
pression of North Germany and the greater portion of Britain, those 
parts of the Preglacial continent now represented by France and 
the south of England were not submerged; for in that case they 
would present some traces of the deposit of icebergs, which were so 
numerous in the North Sea of the period. It is hardly within 
reason to suppose that all proof of submergence beneath the Glacial 
sea could have been removed by subaerial denudation from so large 
an area, while to the north of the Thames, and in North Germany, 
it is so abundant and so ample. It is therefore probable that the 
valley of the Lower Thames roughly marks the position of the 
ancient Glacial coast-line in Britain, and that to the south the relics 
of the Preglacial continent extended without a break through France 
into Italy ; while to the north the look-out was over a dreary expanse 
of sea burdened with icebergs, like that off the coast of Newfound- 
land. 

The temperate or moderately warm climate that prevailed over 
the British portion of the Preglacial continent before the depression 
took place, must have been lowered by the presence of so much 
melting ice as is implied by the presence of the Boulder-clay, and 
especially in the neighbourhood of the coast-line, independently of 
any great change flowing from some other unknown and cosmical 
cause. This climatal change must have banished to a certain extent 
the Preglacial mammals from the area over which it was felt; but 
nevertheless it is highly consistent with what we know of the 
migration of Herbivores to suppose that now and then some of them, 
such as R. megarhinus, may have ventured northwards as far as the 
valley of the Thames. 

Again, M. Lartet has shown, in his memorable essay on the mi- 
gration of mammals, that the Arctic division of the Postglacial or 
Quaternary mammalia (the Mammoth and Tichorhine Rhinoceros 
and the rest) invaded Europe from their ancient home in the north 
of Asia (where they probably dwelt during the Pliocene epoch, 
Tertiary, in Western and Central Europe) at the commencement of 
the European Quaternary or Postglacial period, the change in the 
Pliocene temperature, coupled very possibly with the depression of 
land in North Siberia, causing the animals inhabiting that area to 
advance westwards and southwards and to occupy the feeding- 
grounds till then belonging to the Pliocene fauna. This immigra- 
tion very probably began while Northern Europe was being depressed 
beneath the waves in the Boulder-clay epoch. If this be admitted, 
there is nothing improbable in the hypothesis that the North Asiatic 
immigrants would gradually creep round the shores of the Glacial 

a2 
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sea, and here and there occupy in the winter the pastures that 
afforded food to Preglacial or Pliocene mammals in the summer. 
And in this way the remains of animals indisputably Preglacial or 
Pliocene may be mingled with those indisputably Postglacial or 
Quaternary in the deposits of the same stream. Thus the presence 
of the R. megarhinus and of the hardier members of the Preglacial 
fauna, the Red Deer, Horse, Urus, and possibly C. megaceros, in 
association with the Mammoth, Tichorhine Rhinoceros, and Musk- 
sheep may be accounted for. On these grounds the deposits in 
question have been separated from the ordinary Postglacial series. 
They probably form the first terms of the Postglacial series, and 
point back to a time when the Postglacial invaders had not taken 
full possession of the district. And inasmuch as no North-Asiatic 
mammal has yet been found at Clacton, while several have been 
found in the Lower Brickearths, the former is considered of higher 
antiquity than the latter. They bridge over that vast interval be- 
tween the Preglacial or Pliocene and the Postglacial or Quaternary 
epochs that is sharply marked in Britain north of the Thames by the 
deposit of the Boulder-clay, but which in the south of England and 
in France and Italy is not clearly defined. On this hypothesis the 
passage from the Phocene to the Postglacial series would be as 
follows :—1, Pliocene of France and Italy; 2, Preglacial (? Plio- 
cene) of Forest-bed ; 3, Passage-bed of Clacton ; 4, Postglacial Pas- 
sage-beds of the Thames valley ; 5, Postglacial series. I am unable to 
offer any opinion about the identity of the Forest-bed fauna with 
that of the foreign Pliocenes. 

There is also another point bearing on the question of the relation 
of the Pliocene to the Postglacial fauna that I have referred to this 
place, the occurrence of the Pliocene Machairodus in the midst of 
the remains of Reindeer, Cave-hyzena, Mammoth, Tichorhine Rhi- 
noceros, and other characteristic Postglacial mammals. Its presence 
can only be accounted for on the supposition that it strayed north- 
wards from its southern habitat, very much after the fashion of its 
living congener the Tiger of Northern Asia. There is nothing more 
improbable in the idea that a small body of southern carnivores 
should have preyed upon the Reindeer in the neighbourhood of 
Kent’s Hole than that a Tiger specifically identical with that of 
India should at the present day find convenient food among the 
herbivores of Siberia. It indicates, however, one important fact, 
that while the Postglacial mammals were in full occupation of 
Britain, the Pliocene fauna to which belongs Machairodus occupied a 
zoological province further to the south. 

13. Postglacial Climate.—We have now, in conclusion, to consider 
what was the nature of the climate under which the Postglacial mam- 
mals lived. Sir Charles Lyell and the authors of the ‘ British Pleis- 
tocene Mammalia’ agree in the belief that it was continental in cha- 
racter, while Britain formed a part of the Postglacial continent, or, in 
other words, that the extreme cold of winter and the extreme sum- 
mer-heat were more intensethan in the present condition of things. The 
evidence of the contorted gravels, and the traces of terrestrial glacial 

. 
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action, show that the winter at least was such as may now be felt 
in the woodland region of northern Siberia. The presence of the 
arctic group of mammals, the Reindeer, Musk-sheep, and the like, 
implies that the climate under which they lived was severe. But, 
on the other hand, the presence of the Hippopotamus major in 29 
localities, an animal that, so far as we can judge by the habits of 
the living species, could not have endured the low temperature now 
necessary for the wellbeing of the Musk-sheep or Reindeer, involves 
the necessity of supposing the climate to have been temperate or 
comparatively warm. M. Lartet, in his last Essay on the “ Car- 
nassiers et Rhinocéres fossiles du Midi de la France” *, explains the 
difficulty in the following way :—First of all, he assumes that the 
arctic herbivores dwelt in France throughout the year side by side 
with the Hippopotamus ; and then he infers that the Postglacial cli- 
mate was more equable and insular than that of France at the pre- 
sent day. But it is established beyond all cavil that during the 
time the Postglacial fauna occupied Britain our island formed an 
integral portion of the continent of EKurope—a fact that would at 
once demolish the idea of the existence of an insular climate during 
that epoch. The Hippopotamus most probably was, as Sir Charles 
Lyell suggests, a summer visitant only, and retired southwards in 
the winter to a more genial clime. I know of no other hypothesis 
that satisfies all the conditions of the problem. 

From that time down to the present day the climate has gra- 
dually been modified. As Britain became insular the climate grew 
more equable, until in the Prehistoric epoch the sole survivors of the 
northern invaders were the Elk and Reindeer 7, the latter of which 
grew more and more scarce until at last it became extinct in the 
mountains of Caithness towards the end of the twelfth century. 

.  Dyscusston. 

The Presrpent suggested that a fourth period might be added to 
the three adopted by the author, viz. the Glacial period, during 
which it would appear from the paper that some, if not all, of the 
“‘ postglacial” animals may have lived in Britain. 

Mr. Busk remarked that some of the genera referred to both the 
Postglacial and Preglacial periods (such, for instance, as the Hyena, 
Lion, and Hippopotamus) were of southern, and not, like many of 
the others, of northern and eastern origin. The Lynx also might 
not improbably be of African descent. It was abundant in the bone- 
breccia of Gibraltar, as was also the Cervus elaphus and C. dama. 
Elephas antiquus and Rhinoceros might also be regarded as southern 
forms; and it was worth consideration whether these portions of 
the fauna might not be connected with the time when Southern 
Europe was joined on to Northern Africa. 

Mr. Tarte stated that at Carrickfergus there was a forest-bed 
underlying glacial drift, from which possibly the elephant-remains 
found there had been derived. 

* Ann. des. Sc. Nat. tome viii. p. 157 e seq. 
t “On the Range of the Reindeer,” Pop. Science Review, 1867. 
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Mr. J. W. Frowsr objected to all the fossils attributed to the 
Postglacial period being regarded as synchronous, and to the cayve- 
and river-deposits being classed together. 

Mr. Evans hoped that at some time a chronological arrangement of 
British caves might be proposed. He mentioned the discovery of a 
paleolithic flint implement in a brickfield at Highbury, and argued 
against the lower-level deposits of the Thames valley being regarded 
as more ancient than the higher. 

Mr. Tortzy called attention to the absence of river-gravels and 
caves in the Silurian region of Wales and of the North, which was 
owing mainly to the absence of limestone adapted for the formation 
of caves and of material for gravels. 

Prof. Ramsay argued that caves such as those in which mam- 
malian remains occur must have existed in preglacial time, and 
therefore that it would be strange if none of those explored con- 
tained preglacial remains. He was not satisfied as to the cause of 
the Thames forming a line of demarcation marking the absence of 
Glacial deposits. It could only be accounted for in his mind by the 
valley of the Thames having been entirely excavated since the 
Glacial period, though he acknowledged this was a bold speculation. 
He had always regarded the Thames-valley deposits as postglacial. 

Mr. Wuitaxer thought that the brick-earth of the lower part of 
the Thames valley was one of the later deposits in that valley, and 
therefore Postglacial. Beneath the Corbicula-bed of Crayford there 
were shells of some of the common living species of the neighbour- 
hood. He saw no such extreme difficulty in the excavation of the 
Thames valley since the deposition of the Boulder-clay. 

Mr. Gwyn Jerrreys mentioned the Heliv ruderata and H. frutecum 
as being instances of shells of northern character occurring in the 
Thames valley at Ilford. No shells of an arctic or boreal character 
occurred in the South of England; so that if would appear that it had 
not been submerged during the Glacial period. 

Mr. Prestwicx was glad to find that the opinion of the Thames- 
valley deposits being Postglacial was gaining ground. He called 
attention to the existence in France of river-gravels belonging to an 
earlier period, such as that near Chartres; so that such might exist 
elsewhere. He could not reconcile the occurrence of Hippopotamus 
so far north as Leeds with its annual migration, as had been sug- 
gested. 

Mr. Gopwin-Avsten agreed with the view of the author of the 
‘Reliquiz Diluviane, that the animals whose remains occur in 
caves lived prior to the submergence which filled the caves, or, in 
other words, to the Glacial period. He thought that it was impos- 
sible for all the animals whose remains occurred in the River-grayels 
to have occupied the land surface at the same time. He considered 

that English geologists were too prone to argue from phenomena 
confined to this country. A long island must have existed where 
now is the South of England at the Glacial period; but he thought 
that at that time all animal life must have ceased there. If so, our 
divisions of time could not apply to the Continent, where no such 
extreme changes in conditions took place. 
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Mr. W. Boyp Dawkins, in reply, admitted that possibly some 
animals classed as Postglacial belonged also to the Glacial period ; 
but for convenience’ sake he had adopted the three divisions in the 
paper. He saw no necessity for any of the animals being of purely 
southern origin. He did not identify the Lower Brick-earth of the 
Thames valley with the other river-deposits, though, from the 
presence of the Musk-sheep, he was inclined to place them later than 
at one time he did. The only reason he could give for the absence of 
Preglacial caves both in England and on the Continent was, that the 
rocks containing them may have been removed by denudation. 
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On Daxosavrvs from the Kimmeriper Cray of Saorover Hirt. 
By J. Woop Mason, Esq., F.G.S. 

(Read Nov. 25, 1868*.) 
Earty in the spring of 1866 I obtained from the Kimmeridge Clay 
of Shotover-hill, near Oxford, four entire teeth and one portion of a 
tooth of Dakosaurus, which is now for the first time described and 
figured as a British genus. 

The only description of this reptile with which I am acquainted 
is to be found in Quenstedt’s ‘ Der Juray.’ This author, after men- 
tioning the circumstance of his having described it in a former work 
under the name of Megalosaurus, states that the only part of the 
skeleton known is a portion of a lower jaw containing six teeth, 
which are implanted in distinct sockets (Alveolen): a detached tooth, 
figured in the work referred to, well expresses the general characters 
given below, even to the crenulation of the trenchant margins. 

Fig. 1. Fig. 2. 

a. Anterior view of tooth 
of Dakosaurus. 

b. Portionof ridgeof same, 
Posterior view of largest tooth highly magnified to 

of Dakosaurus. show crenulation. 

* For the discussion on this paper see p. 16 of the present volume. 
t P. 785, Atlas, tab. 97. fig. 11. 
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It is noticed by Prof. Owen*, who rightly includes it among his 
* amphiccelian ” Crocodilia. 

Teeth of Dakosaurus are said to occur, associated with remains of 
Phosaurus, Gyrodus, Spherodus gigas, &c., in the Potton Sands de- 
scribed by Mr. Seeley ; these are its companions, both in the Upper 
White Jura of Schnaitheim and in the Kimmeridge Clay of England. 
Mr. Walker} also mentions it as occurring in beds probably of the same 
age at Upware, in the Fens of Cambridge, and in similar company. 

_ I have examined, through the kindness of Mr. W. Davies, a suite 
of the Potton fossils at the British Museum ; but it would be almost 
impossible, owing to the worn condition of these fossils, which have 
evidently been derived from older rocks, to determine with any de- 
gree of certainty its presence among them. 

The British Museum contains numerous specimens of Dakosaurus 
from the German locality, as well as a single tooth from the Kim- 
meridge Clay of Boulogne and one from that of Ely, near Cambridge. 
A comparison of these with the teeth from Oxford fails to discover 
differences of specific value ; I therefore propose to retain M. Quen- 
stedt’s name of maximus for the latter. 

Fig, 3. Fig. 4. 

a. External view of tooth of Dakosaurus, the 

ridges forming the contour lines. Side view of an anterior 

b. The same tooth, showing the pulp-cavity. tooth of Dakosaurus. 

This genus is characterized by large, conical, incurved and slightly 

recurved teeth, the smooth and polished enamelled crowns of which 

are traversed by two sharp, prominent, minutely crenulated longi- 

tudinal ridges, one forming the posterior, the other the anterior 

margin of the tooth; these ridges are situated “midway between 

the convex and concave curvatures of the tooth,” which is compressed 

at the apex so as to give in transverse section a slightly oval figure 

pointed before and behind; but this character dies away towards the 

base, where the crown becomes cylindrical and ceases to be inter- 

rupted by the ridges; one of these, the anterior, is lost sooner than 

the other, which is continued a short distance into the cement- 

* Paleontology, 2nd edit. p. 300. +t Geol. Mag. vol. iv. p. 309. 
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covered base; this base is widely excavated by a conical pulp-cavity, 
which ends rather suddenly. The outer surfaces of the teeth are 
flatter than the inner ones, which are almost semicircular; this is 
strongly marked in the case of fig. 3, in which the backward curve 
completely overbalances the incurvation. 

It is evident that figs. 1 and 2 could only have belonged either to 
the right side of the lower or to the left side of the upper jaw, and that 
fig. 3 occupied a position either on the left side of the lower or the 
right side of the upper jaw among the posterior teeth, which pro- 
bably, as in Plhosaurus, were both smaller and more recurved. 
Fig. 4, a more compressed form, is perfectly symmetrical and must 
be allowed to have had a place among the most anterior teeth, if one 
be guided by the fact that these, in existing Crocodiles (e.g. in C. 
beporcatus), gradually become symmetrical as they approach the 
middle line. To the fragmentary tooth, reduced perhaps to its pre- 
sent condition in the animal’s mouth, may be assigned the same sides 
of the jaw as fig. 3. 

Scattered over the four entire teeth are several faint constrictions 
or annular depressions, very similar to the effect produced upon the 
finger by a tightly fitting ring (fig. 2). 

The enamel is very thin, and shows under a lens of moderate power 
inconspicuous longitudinal wrinkles. 

The greatest length of the largest tooth (fig. 1) is 2 inches 8 lines ; 
its transverse diameter at the base=11 lines; its antero-posterior 
diameter, also at the base, =1 inch 1 line. 

Similar measurements, taken about 2 in. from the apex of the 
same specimen, give 6 and 9 lines respectively. 

Teeth similar in their essential characters to those described and 
figured above, and differing from them only in such trifling matters 
as the presence of enamel ridges and constrictions below the crown, 
are to be seen in the anterior region of the mouth in all recent (true) 
Crocodiles and Alligators ; but in these the posterior teeth, both in 
the upper and lower jaw, differ enormously from the anterior ones— 
a fact of considerable importance, and one that may well serve as a 
caution to the paleontologist who is disposed to found a genus or 
species upon characters furnished by a single tooth. 

To conclude, the crenulation of the trenchant ridges is by no 
means peculiar to the teeth under consideration, but is observable, to 
a greater or less extent in those of all Crocodilian reptiles * that I 
have ever examined, from the remotest known ancestor to the living 
representatives of the order—in a word, from the Triassic Belodon + 
(an indubitable crocodilian) to Crocodilus bombifrons, which, with its 
congener C. biporcatus and the Gavial, preserves its destructive ex- 
isicnes in the waters of the Ganges. 

* Unworn teeth of the Crocodilian genera Jacare, Mecistops, and Rhynchosuchus 
have not yet fallen under my notice, but I have succeeded in tracing crenulation 
plainly in teeth of Steneosaurus, and more faintly in those of Teleosawrus and the 
Gangetic Gavial. 

t It is only right to state that Iwas led to examine the remains of this rep- 
tile contained in the British Museum, as well as Von Meyer’s figures (‘‘ Muschel- 
kalksaurier,” tab. 20. fig. 6, Palzontographica, Band. x. Taf. 38-40 &e. “) by Prof. 
Huxley’s statement of its Crocodilian affinities. 
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Tome xxv. Nos. 2—4 (continued). 

Hébert.—Analyse des recherches géologiques dans les parties de 
Savoie &c. de M. Favre, 356. 
ee tertiaire des environs de Rennes et de Dinan, 

367. 
Gruner.—F lore du bassin houiller d’Ahun, 391. 
Fischer.—Géologie du sud de Madagascar, 398. 
Delanotie.—Moraines glaciaires en Auvergne, 402. 
Dieulafait.—Oolithe inférieur &c. dans le sud et le sud-est de la 

France, 403. 
Coquand.—Gisements asphaltiques des environs de Ragusa, 420. 

| Gisements de sel-gemme de |’ Algérie, 431. 
Simonin.—Mines dor et d’argent du Colorado, 453. 
Tombeck.—Terrain portlandien de la Haute-Marne, 456. 

Terrains Coralliens et kimmeridiens de la Haute-Marne, 458, 
Seguenza.—Formation Zancléenne, 465. 
L. Lartet—Formation particuliére des grés rouges en Afrique et en 

Asie, 489. 
Belgrand.—Histoire ancienne'de la Seine, 499. 
Lapparent.—Rapport sur les travaux récents de la Géologie, 560. 
Sur les plantes de la période quaternaire, 573. 
Gaudry.—Sur un Archegosaurus, 576. 
Tabariés.— Role des phénoménes chimiques dans la fossilisation, 578. 
Coquand.—Etage géologique de la Cidaris glandifera, 600. 
Delesse.—Lithologie des Mers Britanniques, 604. 
Laussedat.—Deux fragments de Rhinocéros trouvés a Billy, 614. 
Dieulafait.—Zone a Avicula contorta dans la 8.E. de la France, 616. 
Garrigou et Martin.—Géologie de Luchon, 623. 
Ville.-—Notice minéralogique sur les environs de Dellys, 641. 

Comptes Rendus hebdomadaires des Séances de I’Académie 
des Sciences. Deuxiéme Semestre 1868. Tome lxvii. Nos. 7-22. 

A. Brongniart.—Fruit de Lycopodiacée fossile, 421. 
— Delaurier.—Procédé pour empécher l’explosion du grisou dans 

les mines de houille, 441. 
B. Savy.—Densité, salure et courants de l’océan Atlantique, 483. 
MM. Scheurer-Kestner et Meunier.—Combustion de lV’houille, 659. 
A. Pomel.—Sur le Myomorphus cubensis, sous-genre nouveau du 

Megalonyx, 665, 850. 
EK. Collomb.—Sur le volume d’eau débité par les anciens glaciers, 

668. 
— Berthelot.—Matiére charbonneuse des météorites, 849. 
Poe as pour servir & Vhistoire éruptive du Vésuve, 802, 

09. 
J. Delanoiie.—Constitution géologique des environs de Thébes, 701. 
Vicomte D’Archiac.—Fossiles des environs de Thébes, 707. 
— Hiortdahl.—Sur les alliages d’or et d’argent de Kongsberg, 722. 
M. A. Gaudin.—Morphogénie atomique et moléculaire du feldspath 

orthose, 889. 
S. De Luca.—Recherches sur l’eau thermale de la solfatare de Pouz- 

zoles, 909. 
C. Martins.—Ancien glacier de Palhéres, 933. 
A. Pomel.—Alcyonaires fossiles miocénes de |’ Algérie, 965. 
F, Foucou.—Gisements de cinq séries de gaz hydrocarbonés prove- 

nant des roches paléozoiques de l’Amérique du nord, 1041. 
YOL. XXY.—-PART I, R 
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Paris. Comptes Rendus hebdomadaires des Séances de l’Académie 
des Sciences, Deuxieme Semestre 1868. Tome lxvii. Nos, 7-22 
(continued). 

F, Pissis—Tremblement de terre éprouvé le 18 aott 1868 dans la 
partie occidentale de ?Amérique du sud, 1066. 

— Simonin.—Tremblement de terre ressenti en Californie le 21 
octobre, 1069. 

C. Grad.—Constitution et origine des lacs des Vosges, 1071. 
G. Ville.—Sulfate d’ammoniaque dans les dagoni de la Toscane, 1075. 

Nouvelles Archives du Muséum d’Histoire Naturelle de 
Paris. Tome ili. Fase. 3&4. 1867. 

——. Tomeiy. Fasc. 1 & 2. 1868. 

Philadelphia. Proceedings of the American Philosophical Society. 
Wol. Sco ENO. 7. 

Dr. Hayden.—Remarks and observations in regard to the Lignite- 
beds of the country on the Upper Tributaries of the Missouri, 300. 

J. L. Smith.—New Meteoric Iron from Mexico, 380. , 

Photographic Journal. Nos. 198-200. October to December 1868. 

Quarterly Journal of Microscopical Science. New Series. No. 32. 
October 1868. 

T. H. Huxley.—On some organisms living at great depths im the 
North Atlantic Ocean, 203. ore 

J. Mogeridge.—On the “ Muffa” of the sulphur-springs at Valdieri, 
223, 

Quarterly Journal of Science. No. 20. October 1868. 

H. W. Crosskey.—Post-tertiary beds of Norway and Scotland, 461. 
A. H. Green.—Iron-pyrites mines of Andalucia, 468 (plate). 

Royal Geographical Society. Proceedings. Vol. xii. No.5. October 
1868. 

Bishop of Honolulu.—Sandwich Islands, 805. 
Tennant.—Diamonds in Cape Colony, 322. 
Bickmore.—Description of the Banda Islands, 324. 
Cockburn.—Physical Features of Belize, 341. 

Royal Society. Proceedings. Vol. xvi. Nos. 104 &105,. 1868. 

St. Louis. Transactions of the Academy of Sciences of St. Louis. 
Vol. u. Part 3. 1868. 

C. C. Parry.—Passage through the Great Caiion of the Colorado, 499. 
E. Harrison.—Age of the Porphyry hills of south-east Missouri, 504. 
G. C. Swallow.—Geology of Kansas, 507. 
J. Marcou.—Dyas in Nebraska (translation), 562. 
N. Holmes.—Loess and Drift, 565. 

Salem. Proceedings of the Essex Institute. Vol. v. Nos. 5 & 6. 
January and April 1868. 

Lozoon canadense, 110. 
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Shanghai. Journal of the North-China Branch of the Royal Asiatic 
Society. New Series. Nos.3 & 4. 1867. 
A. 8. Bickmore.—Journey from Canton to Hankow, &c., with Geo- 

logical Notes, 1. 
A, Williamson.—Notes on the North of China, its productions and 

communications, 33. 
Notes on the productions, chiefly mineral, of Shantung, 64. 

N. Elias.—Notes on a portion of the old bed of the Yellow River, 80. 
T. W. Kingsmill.—Notes on some outlying Coal-fields in the south- 

eastern provinces of China, 94. 
J. Edkins.—Bituminous-Coal-mines west of Peking, 243. 
Description of a flood in the Han, 266. 

Smithsonian Institution. Smithsonian Contributions to Knowledge. 
Vol. xv. 

S. Newcomb.—An Investigation of the Orbit of Neptune. 
C. Whittlesey. — Freshwater Glacial Drift of the North-western 

States. 
R, Pumpelly.—Geological Researches in China, Mongolia, and Japan. 
J. z . Hayes and C. A. Schott.—Physical Observations in the Arctic 

eas. 

——. Report of the Board of Regents for 1866. 

Society of Arts. Journal. 114th Session. Nos. 828-835. October 
and November 1868. 
Mineral Statistics of Victoria, 811. 
Copper at the Cape of Good Hope (Natal), 835. 
Diamonds at the Cape Colony, 849, 854. 
Production of sulphur in Sicily, 853. 

: . 115th Session. Nos. 836-840. November and 
December 1868. 
Mann.—Natal, 32. 
Copper in the Ligurian Provinces, 45. 
Diamonds at the Cape, 46. 
Bitumen in Sicily, 61. 
Lignite in Southern Italy, 77. 

Student and Intellectual Observer. Nos. 9-11. October to December 
1868. 

Victoria Institute. Journal of the Transactions of the Victoria 
Institute. Vol. ii. No. 9. September 1868. 

J. H. Wheatley.—Life: with some observations on its origin, 26. 
W. Mitchell.—The Unphilosophical Character of some objections to 

the Divine Inspiration of Scripture, 63. 

Vienna. Anzeiger der kaiserlichen Akademie der Wissenschaften in 
Wien. Jahrg. 1868. Nos. 21-29. 
Simony.—Gletscherbeobachtungen, 189. 
F, von Hochstetter.—Die durch das Erdbeben in Peru am 18, Aug. 

1868, veranlassten grossen Fluthwellen auf den Chatham Insel und 
an der Ostkiiste von Neu-Seeland, 228. 

A. Boué.—Erdbeben in Ungarn, 237. 
E. Suess.—Lagerung des Salzgebirges in Wieliczka, ae 

R 
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Vienna. Verhandlungen der k.-k. geologischen Reichsanstalt. Nos. 
13-16, 1868. | Ric : 
Koenen.—Das marine Mittel-Oligocen Norddeutschlands, 313. 
Senoner.—Geologisches, aus der dritten ausserordentlichen Versamm- 

lung der Societa Italiana di Scienze Naturali in Vicenza, 314. 
Stur.—Die erosse Bergabrutschung im Weissenbach, 316. 
Foetterle——Die Gegend zwischen Edelény, Szuhafo, und Putnok, 

317. 
Wolf.—Die Ebene der Bodrogkoz, 318. 

Culturschichten in der Bodrogebene und die geologischen 
Verhaltnise der Zempliner Gebirgsinsel, 319. 

Stache.—Die Sedimentarschichten der Nordseite der hohen Tatra, 
322. 

Paul.—Das Gebirge von Barko, 324. 
Schloénbach.—Die Kreideformation in den Umgebungen von Joseph- 

stadt und K6niginhof im éstlichen Bohmen, 325. 
Mojsisovics. Ueber die geologischen Verhaltnisse am Durrenberge 

bei Hallein, 327. - 
——. Gliederung der Trias in den Umgebungen des Haller Salz- 

berges in Nordtirol, 328. 
Hauer.—Die Section fiir Mineralogie, Geologie, und Palaontologie, 

bei der 42. Versammlung deutscher Naturforscher und Aerzte in 
Dresden, 340. 

Schlonbach.—Die General-Versammlung der deutschen geologischen 
Gesellschaft zu Hildesheim, 343. 

Petersen.—Ueber phosphorsauren Kalk, 344. 
Neumayr.—Versteinerungen der spanischen Trias, 348. 
W olf.—Porphyrconglomerate mit Porphyrcement von Schonau bei 

Teplitz, 349. 
Schlonbach.—Die Kreidebildungen der Umgebungen yon Jicin im 

nordostlichen Bohmen, 350. 
Die Kreidebildungen der Umgebungen von Teplitz und Laun 

im nordlichen Bohmen, 352. 
Posepny.—Zur Stratigraphie des stiddstlichen Theiles des Bihar- 

Gebirges in Siebenburgen, 381. 
Beust.— Ueber die Verkokungsfahigkeit der Braunkohlen von H@ring 

und Fohnsdorf, 383. 
Mayr.—Die Ameisenfauna des baltischen Bernsteins, 385. 
Hauer.—Rhyolith aus dem EHisenbacher Thal, 385. 
Rossler.—Braunkohle von Sitka, 397. el 
Sandberger.—Zur Parallelisirung des alpinen und ausseralpinen 

Oligocens, 398. 
Hingenau.—Bericht tiber das Wassereinbruch im Salzbergwerke zu 

Wieliczka, 398. 
Fuchs.—Die Tertiarablagerungen der Umgebung von Eggenburg, 

400. 
Foetterle-—Die Braunkohlenablagerung bei Kis-Terenye im siidést- 

lichen Theile des Neograder Comitates, 400. 

Zeitschrift fur das Berg-, Hiitten-, und Salinenwesen. Band xvi. 
Lief. 3. Berlin, 1868. 

Zix.—Die Marmorindustrie der apuanischen Alpen, 187. 
Hauchecorne.— Die Eisenerze der Gegend yon Elbingerode am 

Harz, 199, 

a 
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Zeitschrift fiir die gesammten Naturwissenschaften. Band xxxi. 
1868. 

C. Giebel.— Diplodus Ag.=Xenacanthus Beyr. im Wettiner Koh- 
lengebirge, 23. 

F, Schonichen.—Zur Kenntniss der Erzginge des anhaltischen Harzes 
mit einem Blick auf die Zechsteinformation seiner Umgebung, 

See — Die Gattung Neoschizodus im lieskauer Muschelkalk, 

Credner.—Granzschichten zwischen Keuper und Lias, 180. 
Fossiler Stamm in der hallischen Braunkohle, 262. 

——. Monstrositat von Encrinus lliformis, 262. 
R. Kner.—Die fossilen Fische in der Kreide von Sendenhorst, 374. 
Credner.—Thoneisenstein bei Muhlhausen, 423. 
A. Schmidt.—Microscopische Gebilde im Keupersandstein bei Pabst- 

dorf, 542. 
Hichel.—Pflanzenreste im Muschelkalk bei Schneitlingen, 550. 

Zoological Society. Proceedings. 1868. Part 2. 

II, PERIODICALS PURCHASED FOR THE LIBRARY. 

Annales des Sciences Naturelles. Zoologie et Paléontologie. 5° Série. 
Tome ix. Nos. 1-4. 

Annals and Magazine of Natural History. Fourth Series. Vol. ii. 
Nos. 10-12. October to December 1868. 

Carpenter.—Structure of the Shells of the Brachiopoda, 295. 
Wallich.—Coccoliths and Coccospheres, 317. 
Atthey.—Occurrence of the Palatal Teeth of a Fish belonging to the 

Genus Climacodus, M‘Coy, in the Low-main Shale of Newsham, 
321. 

Nicholson.—On the Distribution in Time of the various British Species 
and Genera of Graptolites, 347. 

Walker.—Occurrence of the Genus Anser in the Peat and Gravel 
Deposits in Cambridgshire, 388. 

Tate’s ‘Geology of Northumberland and Durham,’ reviewed, 450, 
Nicholson’s ‘Essay on the Geology of Cumberland and Westmore- 

land,’ reviewed, 450. 
Pomel.—On Myomorphus cubensis, a new Subgenus of Megalonyz, 

457. 
Egerton.—New Fossil Fish from the Lias of Lyme Regis, 459. 

Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie, 

und Paliontologie. Jahrgang 1868. Heft 7. 

Runge.—Das Tertiargebirge des Samlands, 769. 
Zeuschner.—Ueber den Dolomit im devonischen Gebirgszuge zwis- 

chen Sandomierz und Chenciny, 797. 
Blum.— Ueber einige Pseudomorphosen, 805. 
Scharff.—Der Bergkrystall von Carrara, 822. 
Letters, Notices of Books, and Extracted Articles on Mineralogy, 

Geology, and Paleontology. 
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LInstitut. 17° Section. 36° Année. Nos. 1819-1825. 1868. 

Palmieri et Deville.—Eruption du Vésuve, 362, 386. 
Ehrenberg.—Terres rouges mangées en Afrique, 366. 
Van Horen.—Géologie des environs de Tirlemont, 375. 
Koninck.—Fossiles dévoniens de Sandomirz, 391. 
Du Bus.—Débris d’ Hahthérium dans Vargile de Bruxelles, 391. 
Karrer.—Faune foraminifére de Kostey en Hongrie, 392. 
Suess.—Configuration des terrains tertiaires du Vicentin, 408. 
Fuchs.—Sur la faune conchyliologique du Vicentin, 408. 

IIT. GEOLOGICAL AND MISCELLANEOUS BOOKS. 

Names of Donors in Ltales. 

Annual Report of the Commissioner of Patents for the year 1865. 
Vols. L-II. 1867. From the U.S. Commissioner of Patents. 

Barkas, T. B. Results of Fossil-gathering in Northumberland. 
1868. 

~ Boston Society of Natural History. Annual. 1868-69. 

——. Condition and doings. May 1868. 

Brown, R. Florula Discoana: contributions to the Phytogeography 
of Greenland, 1868. 

Croll, J. On Geological Time, and the probable Date of the Glacial 
and the Upper Miocene Period. November 1868. 

Daubrée, A. Expériences Synthétiques relatives aux Météorites. 
1868. 

Notice sur la découverte et la mise en exploitation de nou- 
veaux gisements de Chaux phosphatée. 1868. 

Expériences sur la possibilité d’une infiltration capillaire au 
travers des matiéres poreuses. 1861. 

Delesse. Distribution de la pluie en France. 1868. 

D’Orbigny, C. Description des Roches composant l’Kcorce terrestre, 
et des terrains cristallins constituant le sol primitif. 1868. 

Foster, C. Le Neve, and W. Topley. On the Superficial Deposits of 
the Valley of the Medway, with remarks on the denudation of the 
Weald. 1865. 

Gaudry, A. Cours annexe de Paléontologie. Lecon d’ouverture. 
1868. 

Geological Survey of Canada. Reports 1863-68. From the Director 
of the Survey. 
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Gumbel, OC. W. Geognostische Beschreibung des ostbayerischen Grenz- 
| gebirges, oder des bayerischen und oberpfalzer Waldgebirges. Mit 

Atlas. Gotha, 1868. 

Hall, J. Notes upon the Geology of some parts of Minnesota. 1866. 

——. Notes on the Genus Paleaster. 

Observations on Spirifera. 

Hyatt, A. Fossil Cephalopods of the Museum. 

Jeffreys, J. Gwyn. Last Report on Dredging among the Shetland 
Islands. 1868. 

Koenen, A. von. Ueber die unter-oligociine Tertiirfauna vom 
Aralsee. Moscow, 1868. 

Lyman, T. Illustrated Catalogue of the Museum of Comparative 
Zoology at Harvard College. No.1. Ophiuride and Astrophy- 
tide. Cambridge, 1865. Presented by Sir Charles Lyell. 

Marcou, J. Le Dyas au Nebraska. 1867. 

——. Distribution géographique de l’Or et de Argent aux Etats- 
Unis et dans les Canadas. 1867. 

——. Sur divers armes, outils et traces de THomme Américain. 
1866. (2 copies.) 

Notice sur les Cartes Géologiques de Victoria (Australie) et 
des iles Britanniques. 1868. 

Marsh, O. C. Observations on the Metamorphosis of Siredon into 
Amblystoma. 1868. 

Memoirs of the Melbourne Museum. Descriptive Catalogue of the 
Mining, Metallurgical, Geological, and Agricultural Models in the 
National Museum, Melbourne. Presented by the Director, Professor 
M*‘ Coy. 

Morris, J.H. Report on the Administration of the Central Provinces 
of India. 1867-68. 

New York State Cabinet of Natural History. Reports XVI.—XX. 
(1863-68). Presented by the Board of Regents. 

New York State Inbrary. Reports. 1863-67. 

Parsons, W. Geological Table. 

Pessina, L. G. Quistioni Naturali e Ricerche Meteorologiche. 
Naples, 1866. 

Quistioni Naturali e Ricerche Meteorologiche, Eruzioni Vul- 
caniche e Tremuoti. Naples, 1868. 
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Pourtales, LZ. de. Contributions to the Fauna of the Gulf-stream. 
1868. 

Reynés, P. Essai de Géologie et de Paléontologie Aveyronnaises. 
1868. 

Royal College of Surgeons of England. Calendar. July 9th, 1868. 

Victoria. Reports of the Mining Surveyors and Registrars, a une 
1868. Presented by the Government of Victoria. 

Royal Institution of Great Britain. Additions to the Library, 
1867-68. 

Sumner, C. Speech on the cession of Russian America to the United 
States. 1867. 

Tchihatcheff, P. de. Une page sur lOrient. Presented by Sir R. J. 
Murchison. 

Teale, James. A Dynamical Theory of the Universe. 1868. 

Topley, W. On the Lower Cretaceous Beds of the Bas Boulonnais, 
1868. 

Notes on the Physical Geography of East Yorkshire. 1866. 

Trautschold, H. Die Meteoriten des Mineraliencabinets der kais. 
Ackerbau- und Forstakademie zu Petrowskoje Rasamowskoje. 
Moscow, 1868. 

War Office. Index to the War Office Library. August to October. 
1868, 

Zigno, A. de. Descrizione di aleune Cicadeacee fossili nell’ Alpi 
Venete. 1868. . 

IV. BOOKS PURCHASED FOR THE LIBRARY. 

Abich, H. Geologische Beobachtungen auf Reisen in den Gebirgs- 
landern zwischen Kur und Araxes. 1867. 

Geological Survey of California. Paleontology. Vol. II. Section I. 
Part I. Tertiary Invertebrate Fossils, by W. M. Gabb. 

Owen, R. Comparative Anatomy and Physiology of Vertebrates. 
Vol. III. 1868. 

Reeve, L. Conchologia Iconica. Monographs of Aplustrum, Akera, 
Bulla, Dolabella, Dolabrifera, Galatea, Haminia, Hydatina, Iridina, 
Mycetopus, Pleiodon, and Unio. 
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Marca 10, 1869. 

Thomas Bloxam, Esq., F.C.S., Lecturer on Chemistry and Natural 
Philosophy in Cheltenham College, and Joseph John Murphy, Esq., 
of Old Forge, Dunmurry, co. Antrim, were elected Fellows of the 
Society. 

The following communications were read :— 

1. On the Ornte1n of the Nortuampton Sanp. By Joun W. Jupp, 
Ksq., F.G.8., of the Geological Survey of England. 

[This paper has been withdrawn by permission of the Council. | . 

2. On the OccurRENCE of Remains of Kuryprerus and Preryeorus 
in the Upprr Siturtan Rocks iv Hererorpsuire. By the Rev. 
P. B. Bropiz, M.A., F.G.S. 

Dvurine a recent visit to Herefordshire I was fortunate enough to 
discover a great number and variety of Crustacean remains belonging 
mostly to Hurypterus and Pterygotus, the former predominating, 
some portions of which may perhaps differ from any yet figured and 
described—though my friend Mr. Woodward, to whom I have sent 
them for examination, is inclined to think that there are no new 
species among them. Their abundance and excellent state of pre- 
servation makes the discovery of interest, because I believe none 
have yet been found anywhere in Paleozoic rocks in England so 
perfect or well preserved. The remains consist for the most part of 
considerable portions of the body (the largest measuring a little 
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more than 1 inch in breadth near the middle of the body, and 21 
inches in length without the head or tail, which are wanting) with 
attached body-rings and other appendages but having neither head 
nor tail, single body-rings of large size, detached heads, thoracic 
segments, tails of Hurypterus megalops, swimming-feet, claws, &c. 
Many might have been obtained entire, if the thin stratum in which 
they occur could have been worked; but from its position it was 
impossible to procure anything but detached fragments (though 
every piece of shale was crowded with them), so that the Crustacea 
were invariably broken, and I fractured many entire specimens in 
consequence. They are of a uniform brown colour, while those 
from Lesmahago, in Scotland, are always black, and are of the iden- - 
tical colour of the altered Silurian formation in which they are - 
imbedded. There are but few places in the Silurian area of Wool- 
hope where the so-called passage-beds, or the intermediate strata 
between them and the Old Red Sandstone are exposed; but some 
parts of this series may be seen in an old quarry at Purton, near 
Stoke Edith. At one end of the quarry there is a fine-grained, 
moderately hard, yellow sandstone, which may represent the Down- 
ton Sandstone; but although the position of the Old Red Sandstone 
can easily be detected by the colour of the soil in the lower ground 
between that spot and the railway-station, and towards Hagley 
Dome, neither the exact thickness, nor the character of the inter- 
vening bands can be accurately determined. A mason informed me 
that this yellow sandstone was an excellent building-stone, and of 
considerable thickness ; if this represents the true Downton Sand- 
stone, then the rich crustacean-bed may belong to the bone-bed 
series, as the upper Ludlow shales underlie it; for, supposing the 
overlying sandstone to be the “‘ Downton rock,” it would determine 
the true position of the crustacean zone. This sandstone is imme- 
diately underlain by a coarse sandy bed full of remains of plants, 
including seed-vessels of Lycopodiacee, and fragments of Hurypterus 
and Pterygotus. ‘This is succeeded, in descending order, by a thin 
stratum of sandstone, below which is the thin band of pale green, 
micaceous, sandy marl, only a few inches thick, so rich in Crustacea, 
which is again underlain by another thin layer of sandstone, below 
the whole of which the Upper Ludlow formation, with the usual 
fossils, appears rising at a considerable angle ; and the entire section 
indicates considerable disturbance. A few small well-preserved 
seed-vessels, univalves, and Beyrichie, and a small coral, are asso- 
ciated with the Hurypterus in the stratum referred to. At Ludlow the 
section, when exposed, showed :—1, the Old Red Sandstone ; and, 2, 
passage-beds, with Cephalaspis, Pterygotus, and Hurypterus. At 
Ludford-lane adjacent, the following lower beds are seen :— 

~ 1, Downton Sandstone. 
_2. Shale containing Platyschisma helicites &c. 
*3. Bone-bed, about 2 inches 

_ 4, Stratum with fragments of Pterygotus &c. 
5. Upper Ludlow. 

No. 4 in this section appears to correspond most nearly with the 
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Eurypterus-zone at Stoke Edith. At Ledbury, according to Mr. 
Lightbody, there is a thickness of 300 feet between the Downton 
Sandstone and the passage-beds. At Stoke I could find no trace of 
the bone-bed, though it appears at Hagley, not far off, and at other 
places surrounding the Woolhope elevation. 

Marcu 24, 1869. 

The Rev. Samuel Norwood, B.A., Head Master of the Royal 
Grammar School, Whalley, Lancashire, was elected a Fellow of the 
Society. 

The following communications were read :— 

1. The Cretaceous Srrata of Enetanp and the Nortu of France 
compared with those of the Wxst, Sourn-West, and Sovuru of 
France, and the Nortu of Arrica. By Prof. Henrr Coavann, 
Marseilles. 

[Translated and communicated by J. W. Flower, Esq., F.G.S.] 

EnetisH geologists may fairly claim the honour of having esta- 
blished in the Cretaceous formation the great divisions which are now 
generally received, and which find on the European continent their 
direct application to the strata of the same period. This is more 
especially true as regards the basin of the Seine, which is in fact 
but an appendage of that of England. 

When, however, we leave the valley of the Seine and approach 
the Departments of the west of France, we find that the divisions 
previously recognized become altogether insufficient. For example, 
between the first beds with Jnoceramus labiatus (the base of the 
Lower Chalk).and the highest layers of the chalk marl (with Am- 
monites Mantell:), some important beds of sandstone and limestone, 
characterized by Ostrea biauriculata, Lamk., intervene. These beds 
are known by the name of the Grés du Mans, and they seem to be 
wanting in England, as also in the north of France. 

If from the Anglo-Parisian basin we pass to that of the Pyrenees, 
of which the Departments of the two Charentes and the Dordogne 
constitute the northern limits, at least in a geological point of view, 
we meet with still more important modifications. Thus, the Grés 
du Mans are here more highly developed, and force themselves upon 
the notice of the paleontologist on account of the great abundance 
of Rudistes which they contain, such as Spherulites foliaceus, 
Lamk., Caprina adversa, C. M. D’Orb., Caprina Fleuriausii, Mono- 
pleura polyconilites, &c. Above this layer, of which the Oyster-beds 
(Ostrea biauriculata, Lamk., and Ostrea flabella, D’Orb.) invariably 
form one of the constituents, are the marly beds of the Lower Chalk 
with Znoceramus labiatus, a stratum which in England and in 
Picardy comprises in its upper portion the layers with Ostrea acut?- 

s2 
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rostris, O. frons, Park., and Spondylus truncatus; whilst in the 
south-west and the south these latter beds are separated from the 
horizon of Inoceramus labiatus by the entire thickness of the Angou- 
mian, Mornasian, and Provencian stages (which in some places is not 
less than from 550 to 600 metres, equal to from 1825 to 2000 feet), 
and therefore by three distinct faunas. 

Inoceramus labratus is there accompanied by Ammonites rusticus, 
Sow., peramplus, Sow., navicularis, Sow., and Woollgari (Mant.), 
Terebratella carentonensis, &c. The superposition of the two stages 
is visible on the sides of the plateau on which the town of Angou- -. 
léme is built, the cornice of the plateau itself being formed by a 
thick bed of solid limestone, much used for building-purposes, and 
abounding in Radiolites lombricalis, D’Orb., and R. (Hippurites) 
cornu-pastoris, Desmoulins. 

Here we have another new horizon, unknown, or at most only 
suspected to exist, in the basin of the Loire, and which in its turn 
bears still more important strata of another solid kind of lime- 
stone, of which the differential fauna is represented by Hippurites 
organisans, Desmoul., H. cornu-vaccinum, Bronn, and Spherulites 
Sauvagesii, D’Homb. 

With this Hippurite limestone in the south-west and the south 
of France terminates that which I have designated by the name of 
Craie moyenne, and which, with the sandstone of Uchaux and the 
limestone with Radiolites lombricalis, separates the beds with Jno- 
ceramus labiatus from those with Spondylus truncatus, Lamk., Lama 
Hopert, Sow., and Micraster laxoporus, D’Orb. 

The Upper Cretaceous is composed of 4 stages :— 
1st. Sandstones and sandy limestones, with Rhynchonella Bau- 

gasu, D’Orb. 
2nd. Marly glauconite limestone, with Ostrea auricularis (Brongn.) 

(Gryphea), O. frons (Park.), O. santonensis, D’Orb., Spondylus trun- 
catus, Lamk. (Podopsis), Micraster cor-testudinarium, Agassiz, and 
cor-angunum, Radiolites fissicostatus, D’Orb., and Spherulites Co- 
uandi. 

: drd. White chalky limestone, with Ostrea vesicularis, Lamk., O. 
larva, Lamk., O. laciniata, D’Orb., Ananchytes ovatus, Spherulites 
Hoenmyhausit, Desml., Radiolites crateriformis, Desml., and He- 
mipneustes radiatus, corresponding with the chalk of Meudon and 
the Upper Chalk, and forming the hills round Cognac, which produce 
the best brandy in the world. 

4th. Solid yellow limestone in the Department of the Dordogne, 
with Fawasia Faujasu, D’Orb., Hippurites radiosus, Desml., Spheru- 
lates cylindracea, Desml., and Radiolites ingens and Bournont, D’Orb., 
corresponding with the highest portion of the Maestricht Chalk. — 

In the explanatory text of the Geological Map of the Charente 
which I have prepared *, I have divided the Cretaceous formation of 
the south-west in the following manner, beginning from the Gar- 
donian stage, with which it commences (see fig. 1) :— 

* Coquand, Deseript. Géol. et Pal. de la Charente, vol. i. 1858. 
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MIDDLE CRETACEOUS. 

Ist. Rhotomagian stage (Turrilites costatus, Lamk.), wanting. 
and. Gardonian stage, with lipmites ©... ..i....20e.seceseeedoceaeesenes 6 metres. 

(a) Lower. portion,with Spher. foliaceus 
and Ostrea biauriculata (“ Bancs a 
Ostracées” de M. d’Archiac) ...... Giladias 

(6) Upper portion, with Znoc. labiatus 
and Amm. rusticus (base of the 

3rd. Carentonian stage 

Bae marl and lower chalk) ...... Da 
4th. Angoumian stage, with Radiolites lombricalis (wanting in 

Bayi anvel) Wercee ioe pease eee obasiaan ds AR MR ance hc sue eouen ees wet AON 5 
oth. Provencian stage, with Hippurites organisans, Desml. (want- 

ing in England) PER ease AMOR eas ls so. n.oiseisa sion eis «ic - 

175 9 

UPPER CRETACEOUS. 
lst. Coniacian stage (Grés de Cognac) (wanting in England)...... 40 metres. 
2nd. Santonian stage (of Saintes) (superior Lower Chalk =chalk- 

AELMS NOOSE OAL) bh tint eta sn snler ed fas tec, Gears seee'< a nde baeceine se ems 6a. 5) 
ord. Campanian stage (Champagne de Cognac = Upper Chal) 70 
4th. Dordonian stage (wanting in England) 

190 4% 

These divisions, which are perfectly well marked and of consider- 
able thickness, and possess peculiar faunas and composition, evidently 
differ very much from what we may observe in the basin of the 
Seine and in England, where we pass directly from the chalk marl 
(Rhotomagian stage) to the Lower Chalk, and thence to the Upper 
Chalk without the intervention of the Carentonian, Angoumian, 
Provencian, and Coniacian stages. 

The coast of Provence, however, presents a still more gigantic 
development of the Cretaceous formation (see fig. 2), and such material 
differences from what is met with elsewhere, that in order perfectly 
to understand the connexion which exists between the system of the 
south and that of the north of France, an intimate knowledge of the 
localities is necessary, and the help of fossils is indispensable. And 
here I may appeal to those English geologists who have had the 
opportunity of examining our strata. 

Without speaking of the Neocomian strata, the lower green- 
sand, with Diceras Lonsdalii, the Speeton clay, and the gault, which 
do not offer any very striking peculiarities, 1 shall pass at once to 
the middle and to the upper Cretaceous beds, briefly describing their 
composition, and their equivalents in England. 

It may perhaps be advisable, on account of its fauna and differ- 
ence of position, to separate the upper from the lower part of the 
Carentonian stage, and to form for it another stage, which I shall 
propose to call the Zigerian. This will have the advantage of giving 
to the beds with Inoceramus labiatus an autonomy of their own, and 
will prevent their being confused, as they must be in the basin of 
the Loire and in England, with the limestones of the same colour 
which succeed them without the interposition of the intermediate 
stages which separate them in Provence, and which contain com- 
pletely different faunas. 
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MIDDLE CRETACEOUS. 
Ist. Gault, with Amm. cristatus, lautus, Raulinianus ............... 22 metres. 

with Amm.auritus, planulatus, ros- 
Lower } tratus, Pecten asper, &c.; (“ Etage 

beds ) Uraconien” of M. Renevier; Cam- 
bridge Greensamily: 0.0.5..5 2056.5 -0 35, 

(with Turrilites costatus, tubercu- 
2nd. Rhotomagian latus, Bergeri, Puzosianus, Sca- 

stage. phites equalis, Ammonites Man- 
Upper } tel, rhotomagensis,  varians, 
beds ‘ sulcatus, Mayorianus, Vellede, 

Renauxianus, Belemnites ultimus, 
Janira quinquecostata, Avellana 

| cassis, and Fradiolites Mortoni ... 40 
This stage corresponds to the upper greensand and the 

chalk marl, 
drd. Gardonian stage, chalk-marl! beds of fluvio-marine origin, 

with Cyrena, Potamides, and Ostrea vardonensis, Coq., 
containing several beds of lignite, which are worked in 
the Departments of the Gard and Vaucluse.................. (Cs 

with Spherulites foliaceus, Ca- 
Lower } prina adversa, Ostrea flabella, O. 
portion } diauriculata,and Heterodiadema 

4th. Carentonian | libyeum (wanting in England).. 40 _,, 
stage with Inoc. labiatus, Amm. per- 

Upper | amplus, A. Woollgari (Mant.), 
portion | A. navicularis, A. rusticus, and 

Hemiaster Verneuili, Desml. ... 160 __,, 
Sth. Angoumian stage, compact limestones, with Hipp. Requie- 

nmianus, and Radiol. cornu-pastoris (wanting in England) 60 _,, 
6th. Mornasian stage, alternate clays and sandstones, with Amm. 

. Reguienianus (wanting in England)..................00...eee 250)"; 
7th. Provencian stage, compact limestone, with layers entirely 

composed of Hipp. organisans, H. cornu-vaccinum, Sphe- 
rulites Sauvagesit, S. Desmoulinsti, and Caprina Coquan- 
diana, La Cadiére, Martigues ; base of the chalk of Gosau ; 
Siena PU ANY PMMA Yn ca: Aceves cass. lecsssemseasiecoesses £20: 

eGR, As; 

Notwithstanding some very striking points of resemblance between 
the middle chalk of the two Charentes and that of the south of 
Provence, we find that the latter differs from the former in many 
important particulars. In the first place, it possesses the stages of 
the gault and upper greensand, which are wanting in the other; 
further, the beds with Jnoceramus labiatus are more than 500 feet 
in thickness ; and, lastly, between the Angoumian and Provencian 
stages there intervenes, especially in the Department of the Bouches- 
du-Rhone (between La Cadiére and La Ciotat), a stratum of sand- 
stone of which there are no traces in the Departments of the south- 
west, and which is remarkably rich in fossils in the Communes of 
Uchaux and Mornas. But the most important modifications must 
be made in the upper chalk, which is subdivided in the following 
manner :— 

THE UPPER CRETACEOUS. 

Ist. Coniacian stage: Ferruginous sandstone, with Ostrea auri- 
cularis (Brong.) in the neighbourhood of Piolenc. 
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2nd. Santonian stage: the lower part with Ostrea acutirostris, 
O. santonensis, Spondylus truncatus, Janira quadricostata, Spherulites 
Coquandi, and Radiohtes fissicostata. 

The upper part, of fluviatile origin, with Unio, Cyclas, Omphalia 
Coquandi (Zekeli), and 7 beds of lignite, Cyrena globosa and Ferussaci, 
Math., Melanopsis rugosa, Math., and M. gallo-provincialis. 

Plan d’Aups, near Sainte Baume, and the environs of Mar- 
tigues. 

This corresponds to the upper portion of the chalk of Gosau. 
3rd. Campanian and Dordonian stages, from 400 to 500 metres, 

equal to from 1333 to 1666 feet, of Lacustrine limestones, with Cyclas 
gardanensis, Brongniartina, and gallo-provincialis, Math., Ampullaria 
proboscidea, Math., Paludina angulata, Math., Lymnea longissima, 
Math., &c., and containing 18 layers of lignites, very different from 
those which are worked lower down, in the Santonian stage (fig.3). It 
is evident that these Lacustrine limestones correspond with the “Upper 
Chalk ” and with my Dordonian stage; for they are covered by other 
Lacustrine limestones, which __ 

_ are referred to the level of the Fig. 3.—Section of the Freshwater 

limestone of Rilly, and there- Upper Cretaceous Beds of Fuveau. 

fore to the base of the Eocene. 
Thus in Lower Provence it is 

evident that a complete change 
must have been wrought in the 
nature of the waters of the 
Cretaceous Sea, which, after 
the conclusion of the Santonian 
period, from being salt became 
brackish, and afterwards, from 
brackish, fresh—a circumstance 
which favoured the develop- 
ment of a population of flu- 
viatile shells, entirely unknown elsewhere, and which were con- 
temporary with the gigantic Rudistes of the Charente, and those 
of Provence, which lived in the immediate vicinity of the lake, 
at the bottom of which the Carbonaceous deposits were pre- 
cipitated. 

The classification of these Lacustrine sediments had been, until 
very lately, the cause of great confusion and serious errors. They 
had been attributed at one time to the Miocene period, at another 
to the Eocene, without a single reliable argument, or a single fossil 
in support of this opinion. The new method of determining their 
chronological order is justified, not only by their position, but also 
by the very important fact that in the neighbouring Alps, as well as 
in Algeria, where the upper chalk is exclusively of marine origin, we 
observe, above the Santonian strata, Ostrea vesicularis and Belem- 
nitella mucronata, species wanting in the corresponding strata of the 
Bouches du Rhéne, which, as we have seen, having been deposited 
in a lake, can only contain Lacustrine shells. My friend M. Mathe- 
ron is occupied at the present time in making out a catalogue of this 
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interesting fauna, which comprises a large number of species, all pe- 
culiar to the limited country of which we are speaking. It isneces- 
sary, therefore, to admit that there is a Wealden in the Upper as 
well as in the Lower Chalk. is 

The repeated alternations which have taken place between truly 
marine and fluvio-carbonaceous deposits, is a fact well worthy of 
notice in the history of the Cretaceous formation of the Mediter- 
ranean coast. Thus we have ascertained* that the great accumu- 
lations of combustible matter of the Province of Ternel, in the 
Kingdom of Arragon, belong to the Aptian stage. In the De- 
partment of the Gard, and at Mondragon, the coal worked belongs 
to the Middle Chalk. At Sainte Baumey the Provencian lime- 
stones contain jet with amber, which has been the object of some 
research. Lastly, the great industrial works which supply the 
market of Marseilles with coal are opened in the Santonian and 
Campanian stages, stages which, in the counties of Kent and Sussex, 
as well as in the environs of Paris, are remarkable for the purity and 
whiteness of the chalk of which they are composed. 

It would be not merely dangerous, but impossible, to establish a 
comparison upon the petrographic character of countries distant 
from each other, since our chalk in the south only furnishes hard 
limestones employed in large building-works, sandstones with which 
the streets of Marseilles are paved, black limestone, black clay and 
coal. But, in spite of this difference in the composition of the rocks, 
there exists a principle which furnishes a sure means of establishing 
comparisons, in which mineralogy cannot assist. This principle lies 
in the examination of the faunas. Thus, although England is de- 
prived of the legion of Rudistes which have rendered the chalk of 
our country so celebrated, she nevertheless possesses a considerable 
quantity of fossils identical with ours, by means of which it becomes 
easy to establish strict synchronisms for the corresponding stages, 
just as it is easy to show that the chalk of Provence is much more 
complete than that of Great Britain and the basin of the Seine. 
Whence I conclude that, if a general classification of the Cretaceous 
formation were now to be attempted by an international Geological 
Congress, the preference ought to be given to Provence, on account 
of the facility of finding there larger and more numerous divisions— 
in one word, more classical types. 

To any one acquainted with the mountains of Provence, the ge- 
ology of Algeria offers no very serious difficulty. The Cretaceous 
formation of the elevated plateaux of the Atlas seems to have been 
copied from Provencal models (fig. 4). Above the Lower Greensand 
and the Speeton Clay, we find the same succession of stages as in 
the south of France; but they are generally richer in fossil species, 
especially in Ostree and Echinoderms. 

* Monographie Paléontologique de l’étage Aptien de l’Espagne, 1862. 
+ Description Géologique du Massif Montagneux de la Sainte Baume, 1866. 
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The following are the divisions which we have recognized* :— 

MIDDLE CRETACEOUS. 

Ist. Gault, with Amm. Velledw, Beudanti, mammillaris, Rois- 
syanus, versicostatus, and Solarium ornatum. 

2nd. RKhotomagian stage, with Amm. Mantelli, varians, rhoto- 
magensis, Scaphites equals, and Turrilites costatus. 

3rd. Carentonian stage. Base with Ostrea flabellata; upper part 
with Inoceramus lubiatus, Pseudodiadema libycum, and Ammonites 
Woollgari (Mant.). (Lower chalk, Ligerian stage, Coq.). 

4th. Angoumian stage, with Radiolites lombricalis and cornu- 
pastoris. 

5th. Mornasian stage, marly, with Amm. Requientanus, and T'ri- 
gona scabra. 

6th. Provencian stage, with Hippurites organisans. 
This middle chalk is very admirably developed in the environs of 

Tébessa, and in the neighbouring Tunisia, as well as in the environs 
of Batna. 

. UPPER CRETACEOUS. 

Ist. Santonian stage, with Ostrea auricularis, Ostrea acutiros- 
tris, Lima Hoperi, Ostrea proboscidea, D’Arch., Ostrea hippopodium, 
Ostrea santonensis, and Micraster cor-anguimum. 

2nd. Campanian stage, with Ostrea vesicularis, Ostrea pyrenaica, 
Leym., Ostrea larva, Ammonites texanus, Rom., and Inoceramus 
Crispii, Mant. 

3rd. Dordonian stage, with Radiohtes Jouanneti, and Hippurites 
radiosus, Desml. 

These divisions correspond exactly to those which we have met 
with in Lower Provence’t. 
When we consider that the long series of fossils described as 

peculiar to Algeria, and belonging exclusively to the middle and to 
the upper cretaceous, has been collected by only a few individuals, we 
shall readily understand that future researches must very extensively 
increase their number. Indeed, since the publication of my work 

* Description Géologique et Paléontologique de la région sud de la Province 
de Constantine, 1862. 

+ The author here gives a complete list of the species of fossils recognized by 
him as peculiar to the Algerian beds. These are arranged under their different 
stages, and their numbers are as follows :— 

GAG econ ct oca se sauce eee verte 6 species 
2: UW OCOMIASTAN «oa. atin gece tice a eisce 14S), 
on Caremtomian 2h P Nt 8. ot eckeae a ge 
4 Mornasianm®\,) 26S po ea ke cete 36! 4, 
5, Provencian  ..)..L0.-s.piem-0+- cemtie 10% 5 
GB. Samionian oc .scc sce eds wt oe Ae ene 46 ,, 
i, Cataparian: yee. c2 snp iasceecsmseecess pallial 
6: Dordomian’ vices. soe eee oes pees 

Motel ites ceeesens dy 276: +5, 

As these species are cited from his work on the Geology and Palzontology of 
the Province of Constantine, a list of their names would be equally useless to 
those who do, and to those who do not, possess that work. 
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on the Geology of Constantine, I have received from M. Brossard 
several unpublished species; and M. Peron, who has intelligently 
explored the high plateaux of the provinces of Algiers and Constan- 
tine, has in his possession a great quantity of new materials, which 
he intends to make known, and which must certainly be very im- 
portant, judging from the large quantities of Ostree which I have 
received from him for a publication upon which I am now engaged. 
In the chain of the Madonies in Sicily, I was able to recognize the 
Rhotomagian type of the environs of Tébessa, represented by iden- 
tical fossils of the same colour (Ostrea syphax, Ostrea africana, 
Ostrea Overwegi, Coq.). M. Seguenza also discovered the Rhoto- 
magian stage in the Province of Reggio, in Calabria. We know 
that it exists in the Lebanon, and in the desert which separates the 
Dead Sea from the Red Sea. 

From the foregoing details it appears that, should we continue to 
take the English divisions as a frame-work for the general divisions 
of the chalk, we shall find it insufficient to contain the enlarged 
canvas. 
We have indeed seen that beyond the basin of Paris the chalk 

of Mans is increased by a new stage (the Carentonian), the chalk of 
the west by three stages (the Angoumian, Provencian, and Dor- 
donian), and the chalk of Provence by the Mornasian stage. 

If we now endeavour to draw conclusions from the resemblance 
or identity of the faunas, we shall see that, in addition to the fossils 
which are common to all, and which form useful landmarks in the 
field of discovery, each region possesses species peculiar to itself; 
so that if we were to compare two extreme points, as, for example, 
Algeria and England, without taking into account the intermediate 
localities, we should be so struck by the great dissimilarities as to 
ask ourselves whether we are not comparing two different formations. 

Fig. 4.—Section of the Cretaceous Beds of Algeria. 

Tébessa. Dj. Osmer. Tenoukla. 

ZA 

0 iB Jurassic. 

But if we compare Algeria with Provence, Provence with the Cha- 

rente, the Charente with the Sarthe, the Sarthe with Paris, and 

Paris with England, we recognize, without any surprise or shock, 

the connecting links which unite the scattered particles into a whole, 
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and we perceive that, as regards the faunas, and the development and 
number of the strata, the transitions are made insensibly. If, instead 
of adhering in this case to observations made step by step, we were to 
take long strides, and if from any part of Europe we were suddenly 
to find ourselves in India or in the United States of America, we 
should meet with much more embarrassing gaps. 

I must not, however, forget to add that, in spite of very important 
differences, there exist, both in India and in the United States, a 
certain number of fossils which may be called characteristic in the 
highest degree, which are found everywhere at the same level, and 
which allow us to place the entire fauna in its proper arrangement, 
—whence we come to the conclusion that it would be illogical, as 
regards paleontological stratigraphy, to consider any given country 
an obligatory and inflexible term of comparison, and to refer to it 
the formations of other countries. This would be to wish to establish 
arbitrarily a sort of bed of Procrustes, which would place us under the 
necessity of stretching or mutilating our subjects at every moment, 
in order that we might always obtain the same measurements. 

It appears more reasonable to look at things from a higher point 
of view, and to regard a formation with its stages as a confederation 
composed of a variable number of cantons, united by common 
ties, rather than as a people springing from the same source, 
speaking the same language, and governed by the same laws and 
the same formule. 

TABLE OF STRATA AND EXPLANATION OF THE DIAGRAMS. 

I. Upper CRETACEOUS. 

A. Red lacustrine limestone of Vitrolles (Htage Garumnien of Leymerie). 
B. Dordonian Stage. Freshwater at Fuveau with Lychnus. Marine in the 

Charente and Algeria. 
C. Campanian Stage (= Upper Chalk). Freshwater at Fuveau with seventeen 

beds of coal; elsewhere marine. 
D. Santonian Stage (=Superior Lower Chalk). Upper part, freshwater at 

Fuveau. 
E. Coniacian Stage (Sandstone). 

II. MippLE CRETACEOUS. - 

F. Provencian Stage (with Hippurites). 
G. Mornasian Stage (Uchaux Sandstone). 
H. Angoumian Stage (Radiolites cornu-pastoris). 
J. Ligerian Stage, with Inoceramus problematicus and labiatus. (=Inferior 

Lower Chalk.) 
J. Carentonian Stage, with Ostrea biauriculata and Spherulites foliaceus. 
K. Gardonian Stage (lacustrine, with coal). 
L. Rhotomagian Stage, with TZwurrilites costatus (=Upper Greensand and 

Chalk Marl). 
M, Gault. 

III. Lower Cretaceous. 

N. Upper Aptian Stage (=Argiles 4 Plicatules =Speeton Clay). 
N’. Middle Aptian Stage, with Orbztolites lenticularis | ;_ 
N”. Lower Aptian Stage (=Vigonian) } (— Lower Ge 
O. Neocomian Stage, with Spatangus retusus. 
P. Valongian Stage, with Natica Leviathan (= Weald). 
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Discussron. 

Mr. J. W. Frower called attention to the great discrepancy be- 
tween the thickness of the Cretaceous beds of the south of France 
and those of England, the former being four times the magnitude of 
the latter. ‘This was principally made up by several strata entirely 
wanting in England, and for the most part of a totally different 
character, being either of freshwater origin or else hippurite lime- 
stone. Another great feature of distinction was the presence of 
coal-bearing beds with numerous layers of lignites. That these 
beds were of Cretaceous origin was proved by their occurrence under 
undoubted Eocene beds. Among the fossils of the Algerian chalk 
were those of several genera unknown in the Cretaceous beds of 
England. ; 

Dr. Duncan suggested that possibly the Upper Coal-beds might be 
the equivalents of those of Aix-la-Chapelle. He doubted whether 
any decided synchronism in strata spread over so extensive an area 
as that of the Cretaceous deposits could be established by the mere 
occurrence of certain fossils in them; nor could he attach much 
value to supposed specific differences in shells of such character as 
Ostrea. The variations in condition in the sea-bottom would lead 
to variations in the Testacea; and there were signs to be found of 
great variations going on before the form of Hippurites was deve- 
loped. He regarded HMippurites as a modified form of Chama or 
Caprina, and thought it was parasitic on coral reefs in the same 
way as its modern representative. He accounted for its presence by 
the great development of corals at that period in the Cretaceous seas. 

Mr. Jupp remarked upon the repeated changes which had oc- 
curred in the opinions of foreign geologists as to the limits of the 
various ‘‘ stages” into which the Cretaceous rocks might be divided, 
and indicated that this of itself was equivalent to the abandonment 
of the principles laid down by D’Orbigny. He further observed 
that in the recent changes, even as evidenced by M. Coquand’s 
paper, there was a tendency to approach the views as to the classi- 
fication of the Cretaceous beds established by the late Prof. Edward 
Forbes, and generally accepted by English geologists. 

Prof. Morris observed that the object of the French geologists 
had been to remove the opinion that mere mineralogical charac- 
ters were sufficient to distinguish Cretaceous strata. He called 
attention to the existence of copper and antimony in some of the 
Lower Cretaceous beds, and to the great break that appeared to 
exist between the Lower and Middle Cretaceous series. Another 
curious point was that in the south of France there appeared 
to be passage-beds between the Upper Cretaceous and Eocene beds. 

Prof. T. Rupzrt Jones remarked on the analogy between the 
passage from the Chalk to the Eocene Tertiaries, as supposed to be 
exhibited in the south of France and in the Nebraska territory of 
America. He pointed out that as the Cretaceous beds of France 
had been deposited, not in one sea, but in separate sea areas, they 
were, of course, difficult of correlation. 
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2. On the SrructuRE and AFFINITIES of SIGILLARIA and ALLIED 
GreneRA. By W. CaRrRurHers. 

[Puate X.] 

Tue genus Sigillaria is one of the most abundant and important 
among the plants of the Carboniferous period. But, except that it 
was a large tree with a fluted and scarred stem, and had immense 
succulent roots, little is certainly known regarding it. The struc- 
ture of the root is well known, having frequently formed the sub- 
ject of investigation. Numerous specimens of stems have been pub- 
lished, as examples of the genus; but with the exception of that 
described by Brongniart under the name of Sigillaria elegans, they 
belong rather to the genus Lepidodendron ; and even SN. elegans does 
not represent the most characteristic form of the genus. The stem 
was most probably simple, though in some species it was certainly 
branched. The foliage in some forms was composed of long linear 
leaves; and Goldenberg has figured organs of reproduction in the 
form of small round sporangia, several of which were borne on the 
somewhat dilated bases of the leaves at the termination of a branch. 

The affinities of the genus have chiefly been deduced from the 
structure of the stem and roots; and in accordance with the views 
taken by the different interpreters has been the place they have 
given it. Some, like Corda and Martius, have held it to be a poly- 
petalous dicotyledon, while, on the other hand, Dr. Hooker, with a 
little hesitancy, places it among Lycopodiacee beside Lepidodrendron. 
The generally received opinion is somewhat intermediate, that it is 
a gymnosperm belonging to an extinct type. Brongniart first enun- 
ciated this view; and it has been subsequently maintained by Gop- 
pert, Unger, &c., and recently by Dawson in an important and 
elaborate paper on the Coal Formation of Nova Scotia, published 
in the Journal of this Society in 1866, and two years later in his 
‘Acadian Geology.’ 

I propose to investigate shortly the grounds upon which these emi- 
nent paleontologists have given this position to the genus, and how 
far their interpretations agree with the actual structure of the plant. 

I shall first consider the structure of the root, the relation of which 
to the stem has been established beyond question. ‘The investiga- 
tions of Mr. Binney on the external form and of Prof. King and Dr. 
Hooker on the internal structure make it unnecessary that I should 
describe at any length the root so well known by the name of Stig- 
maria. ‘The general structure may be given in a few words. It was 
a thick root having a medulla of considerable size, surrounded by a 
cylinder of scalariform vessels; and this again was invested by a large 
mass of cortical parenchyma. From numerous pits on the outer sur- 
face of this cortical layer proceeded the long cellular rootlets, each 
furnished with a small bundle of firm scalariform vessels that had its 
origin in the vascular cylinder. In the arrangement of the parts, 
and in the general aspect of a transverse section of the stem, it 
agrees with the structure of the stems of Cycadew, and of the 
fleshy Huphorbiacew and Cactew. It is unnecessary to say that 
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mere analogical resemblances give no assistance in determining 
systematic position, but rather tend to lead astray, as they have done 

_ in the genus in question. There is one point in which the fossil 
differs from the living plants, which must at once, if it can be es- 
tablished, separate them widely in systematic position. I refer to 
the absence of medullary rays in the vascular cylinder of Stigmaria. 
This cylinder is composed entirely of scalariform tissue pierced only 
by meshes for the passage from the inner surface of the cylinder of 
the vascular bundles that supply the rootlets. 

It is important to remember that medullary rays are composed 
entirely of muriform cellular tissue, and keep up the connexion be- 
tween the internal and external cellular structures—the pith and 
bark. Medullary rays are confined to and characteristic of exogenous 
stems. They break up the wood into innumerable fine meshes. But, 
besides these, there are in exogenous stems other and larger meshes 
for the passage outwards of the vascular bundles which supply the 
axial appendages—the leaves and branches. In some stems, as in 
Phytocrene, Tupa, Cycas, Euphorbia, Cactus, &c., from the size of 
the vascular bundles these meshes are very large; but in ordinary 
trees those formed by the leaves early disappear, because, the leaves 
being deciduous and produced only on the younger portions of the 
tree, the vascular bundles supplying them are not continued through 
the whole woody cylinder. It is of the utmost importance to notice 
these two sets of horizontal radiating structures in the dicotyledonous 
stem—the one, entirely cellular, being the medullary ray, the other, 
vascular, being the vessels of the axial organs. 

Among recent cryptogams the only plants which have anything 
like a continuous woody cylinder in their-stems are the Ferns. In 
the Lycopodiacee and Hquisetacee, as represented among living 
plants, the vascular bundles of the stem are symmetrically arranged 
in a large mass of parenchyma, and there is consequently no true 
separation between the cellular tissue of the medulla and that of the 
cortical layer. It is however different in many tree ferns, which are 
composed of a mass of parenchyma traversed by vascular bundles of 
scalariform tissue, which form a closed circle separating the me- 
dulla in the interior from the cortex of the exterior. The tissue 
of this vascular cylinder is entirely destitute of medullary rays; but 
it is penetrated by large meshes, through which pass the vascular 
bundles that supply the fronds and invariably rise from the inner 
surface of the cylinder. 

The trunk of the cryptogam differs from that of the dicotyledon, 
as regards the points in question, in having its vascular cylinder 
penetrated by only one kind of horizontal tissue, namely, the vascular 
bundles belonging to the fronds, while the exogenous stem has, be- 
sides, another horizontal tissue of a very different structure and per- 
forming a totally different function. 

The woody cylinder of Stigmaria possesses only the vascular 
horizontal layer; but from not distinguishing aright these two struc- 
tures, this has been described as a medullary system. Where a 
medullary ray has been described in addition to the vascular system, 
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it has arisen from some error of observation. I exclude from this 
the specimen figured by Cotta under the name of Stigmaria ficoides, 
the vascular tissue of which is composed of Cycadian-like or of dotted 
vessels traversed by muriform cells of medullary rays; for this is 
certainly not a specimen of Stegmaria. 3 

Brongniart, in his memoir on Sigillaria elegans, figures a specimen 
of Stigmaria from the cabinet of Robert Brown, which is now in the 
collection of the British Museum, and which I have repeatedly and 
carefully examined. In an enlarged representation of a portion of 
the cylinder (pl. v. fig. 3) there is shown an axial vascular bundle 
passing outwards through a mesh between the large wedges of the 
cylinder. Several open spaces separating the parallel series of vessels 
on the outer aspect of the cylinder are described as small medullary 
rays; but the examination of this and of an extensive series of other 
specimens has convinced me that these are only disruptions of the 
tissue produced along the line of least resistance from desiccation or 
some other cause before or during the process of fossilization. 
Brongniart was unable to detect any remains of structure in these 
spaces. Such openings are altogether absent in many specimens which 
I bave examined ; and in one in the collection of the British Museum 
they occur on the one half of the specimen and not on the other. 

Dr. Hooker, in his paper on the structure of Stigmaria, makes 
no reference to the small cellular medullary rays of Brongniart, 
which he evidently could not detect in his specimens, and which 
are not indicated in the least in his beautiful drawings. He, how- 
ever, describes structures to which he applies the name of medullary 
rays. ‘The cylindrical axis,” he says, ‘is divided into elongated 
wedge-shaped masses, rounded at their posterior or inner extremity 
by numerous medullary rays of various breadths, some much nar- 
rower than the diameter of the tubes, others considerbly broader, 
but none are conspicuous to the naked eye, except towards the outer 
circumference. The medullary rays, even the narrowest, are tra- 
versed by bundles of tubes half the diameter of the largest vessels 
of the axis, or even less” (p. 434). In the explanation of plate ui, 
fig. 6, he further says, ‘‘ The vascular tissue is divided by broad and 
narrow medullary rays ;” and fig. 8 is a “ highly magnified view of 
one of the narrow medullary rays forming a bundle of tubes of less 
diameter than those forming the wood.” The structures described 
in these extracts are evidently the vascular bundles which belong to 
the axial appendages. These bundles take their origin in the inner 
surface of the vascular cylinder, and pass upwards and outwards 
through a mesh, which increases in size as it reaches the circum- 
ference of the cylinder. The vascular bundle did not completely 
fill the mesh, but was accompanied by a quantity of cellular tissue 
which is very rarely preserved, the space occupied by it being gene- 
rally filled with the amorphous material of the matrix in which the 
specimen is preserved, This parenchyma is composed of roundish 
cells. In the fern-stem a similar structure exists. The vascular 
tissue of each frond has a parenchyma associated with it which is 
continuous with the medulla. 
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The absence, then, of any true medullary ray excludes the Stig- 
maria from the Dicotyledons, and places it beyond doubt among the 
Cryptogams; and this is further confirmed by the fact that the 
whole of the vascular tissue is composed of scalariform vessels, which 
are not known to make up the whole of the vascular tissue of any 
plants except among the Cryptogamia. . 

As the internal structure of the root is the same as that of the 
stem, we ought to find in the latter an absence of true medullary rays, 
and the existence only of a vascular horizontal system communicating 
with the axial appendages. 

_ Brongniart’s elaborate memoir on Stgillaria elegans still supplies 
the most detailed account of the internal structure of the stem of 
this genus. It consists of a central cellular axis, or medulla, sur- 
rounded by a vascular cylinder ; and this, again, is invested by a thick 
cellular cortical layer, the outer portion of which is composed of 
fusiform cells of less diameter than those of the inner portion. So 
far this is precisely what is found in Stigmaria; but the vascular 
cylinder is, according to Brongniart, broken up by numerous delicate 
medullary rays, whose tissue, however, is destroyed. He was unable 
to detect the least trace of the cells; yet he assumes without any hesi- 
tation or doubt that the openings between the radiating lines of the 
vascular tissue are certain indications of medullary rays, and points 
out that the difference between Lepidodendron Harcourtii, which 
Lindley and Hutton had described, and his own Stgillaria elegans 
lay entirely in the possession of medullary rays by his plant. When, 
however, the figures of Brongniart are compared with the numerous 
specimens which have been discovered since, many of which have 
been figured, and especially with those published by Binney under 
the name of Sigillaria vascularis (which, however, are species of 
Lepidodendron), it is easy to see that he wrongly interpreted the 
series of cracks in the small fragment he was examining, just as I 
have shown he did in Robert Brown’s specimen of Stigmaria. The 
beautiful longitudinal section cut parallel to the supposed medullary 
rays (pl. i. fig. 2) is without any trace of the muriform structure ; 
and it ought to have been seen here if it ever existed. The sup- 
posed ends of the medullary rays shown in fig. 203 of plate iv. are 
much more like the results of desiccation or decay than the sections 
of rays; and the aspect of the adjoining scalariform vessels does not 
agree with what would have been produced by a medullary ray upon 
the vascular tissue forming the margins of the mesh through which 
it passes. 

Brongniart’s interpretation of these spaces is repeated by him in 
his ‘ Tableau,’ and is adopted by all subsequent writers. It forms 
the real difficulty in the way of Dr. Hooker’s referring without hesi- 
tation the genus to Lycopodiacee. 

In Dr. Dawson’s valuable contribution to our knowledge of the 
Coal-fiora, he describes the medullary rays as existing in Szgillaria, 
in addition to the vascular bundles belonging to the axial appendages ; 
but neither in his letterpress nor his plates can I determine whe- 
ther this arises from the already adopted diagnosis of the genus, or 

VOL. XXV.—PART I. r 
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is the result of his independent observations. Binney obviously 
confuses the two kinds of horizontal structures when he speaks 
throughout his papers of medullary rays composed of “ finely barred 
vessels.”” He neither figures nor describes any true medullary ray ; 
and it is certain from his drawings that they do not exist. This I 
have moreover established by the examination of numerous beauti- 
fully preserved specimens. 

Tf, then, I am right in believing that the structureless spaces in 
the vascular cylinder of Sigillaria elegans do not represent medullary 
rays, the structure of the stem exactly agrees with that of the root. 
This is, moreover, precisely the structure of Lepidodendron, Haloma, 
Ulodendron, &e., so that I venture to refer, without any doubt, all 
these genera to the same great group of extinct arborescent Lycopo- 
diacec. 

Dr. Dawson describes the vascular cylinder of Srgzllaria as mueh 
more complex than anything I have seen. He says it was double, 
the inner portion being composed of scalariform, and the outer of 
discigerous vessels. He has figured a specimen of a stem in which 
the two kinds of tissue exist together. The important discigerous 
tissue could not be altogether wanting in Brongniart’s specimen if 
it were really a constituent part of the Sigillarian stem, even though, 
as Dr. Dawson suggests, it were a young stem or branch *, 

* Since writing the above I have had, through the kindness of Sir Charles 
Lyell, the privilege of examining Mr. Dawson’s specimen of the Sigillarza figured 
in plate 17, vol. xv. of the Society’s ‘ Quarterly Journal,’ and which has supplied 
him with the data for his interpretation of the internal structure of the genus. 
It is unnecessary for me to say that the specimen is accurately figured and 
described ; but it yet appears to me more than doubtful that it belongs to Szgzl- 
laria. The fact that it was found within the trunk of an erect Sigillaria is not 
sufficient ; for we know that hollow Stgillarie were often filled with foreign 
materials. Dr. Dawson has himself obtained from trees at the Joggins, where he 
found this specimen, the remains of a Lizard. In one of the stems from the 
volcanic ash-beds at Arran I have determined the existence of some eight or ten 
distinct stems belonging to several genera. The stem of the Sigillaria was 
erect ; and all these contained stems were arranged parallel to the stem itself. 

If the argument I have employed above is of any value, the axis described by 
Dr. Dawson must be foreign to the Sigillaria in which it occurred, seeing it 
contains structures which are not found im any of the numerous specimens of 
Stigmaria that have been examined. The root and stem, being homological 
structures, are in living plants composed of similar tissues. It is impossible to 
conceive of another state of things existing. But in Dr. Dawson’s axis there 
are true medullary rays and true coniferous disk-bearing tissue, neither of 
which occur in Stigmaria. I have no doubt that Dr. Dawson’s fossil is a true 
coniferous stem, having a large Sternbergia-pith like some other carboniferous 
Conifere. The scalariform vessels occupy the position of the ‘“‘medullary 
sheath.” Though true scalariform vessels have not been detected in the 
Conifere, they occur in the closely allied Gymnospermatous order Cycadee. 
The single series of disks on the walls of the vessels indicate an affinity between 
this fossil and the Abietineous Conifers ; there are, however, other characters 
which make it impossible at present to refer this and similar fossils with certainty 
to any recognized group. I believe Dr. Dawson’s fossil to be the same as a stem 
which has for some time been engaging the attention of Prof. Williamson, for 
which he has proposed the name Calamopity, and a full description of which 
may be early expected from him. 
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In conclusion, we may inquire what light the reproductive organs 
figured by Goldenberg throw upon this question. These consist of 
several small sporangia borne on the dilated bases of slightly altered 
leaves. The sporangia in size and form agree exactly with what I 
have described in Flemingites; but their arrangement on the sup- 
porting leaves is very different in the two genera. In Flemingites 
they are borne in a double row on the horizontal portion of the 
leaves which form the cone. I have recently detected similar spo- 
rangia associated with a true Lepidodendroid plant from a Carbo- 
niferous deposit from the South of Brazil. That these sporangia 
belonged also to the genus Sigillaria is very probable, independent 
of the direct observations of Goldenberg, from the enormous quan- 
tity of these capsules which occur in some coals, imparting to 
them special valuable properties. 

Dr. Dawson says he has never found the detached fruits (7’rigo- 
nocarpum and Rhabdocarpus) which he associates with Sigilaria 
attached to them ; and we need not, therefore, consider what claims 
they have to be so considered. 

The structure of the fruits of Sigillarza and allied genera may be 
characterized as follows :— 

Triplosporites, R. Br. Cone with a single sporangium borne on 
each scale ; the sporangia of the upper portion of the cone containing 
microspores, while those of the lower portion contain macrospores. 

Lepidostrobus, Brongn. Cone with a single sporangium on each 
scale; all the sporangia filled with microspores. 

Flemingites, Carr. Cone with a double series of small sporangia on 
each scale. 

Sigillaria, Brongn. Cone with a single patch of small sporangia 
on the enlarged base of the scale. 

Itis probable, from the recent observations of Brongniart, that we 
as yet know the macrospores of only one genus, viz. Triplosporites, 
R. Br.; but this would correspond with the state of our knowledge 
regarding the similar organs in the living Lycopodiacee ; for of the 
two principal genera of this Order, the microspores only are known 
in Lycopodium, while both kinds of spores occur in Selaginella. 

EXPLANATION OF PLATE X. 

Figs. 1-3. From a specimen of Stigmaria in which the whole of the cellular 
tissue had decayed and the spaces occupied by it had been filled 
with amorphous clay; thereafter the vascular cylinder itself de- 
cayed, exposing the form of the medullary axis and the meshes for 
the vascular bundles. Fig. 1. Longitudinal section, showing that 
the meshes proceeded outwards at right angles to the axis. Fig. 2. 
The casts of the meshes, seen from above. Fig. 3. Ditto, seen 
from below. . 

Figs. 4-7. From a specimen of Stigmaria in which the vascular tissue is well 
preserved, but all the cellular structure has been replaced by amor- 
phous material. Fig. 4. Transverse section of the vascular cylinder. 
Fig. 5. Oblique perpendicular section, gradually sloping outwards 
from above downwards. The vascular bundle is seen as a ridge at 
the base of the triangular cavity. ‘This vascular ridge produces 
the double structure in the cast of the cellular cavity as seen from 
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below in fig. 3. Fig. 6. The two upper meshes of fig. 5, magnified 
six times, showing the ends of the vessels passing outwards, and 
the longitudinal section of the scalariform vessels of the cylinder. 
Fig. 7. Longitudinal section of a portion of the cylinder, magnified 
six times, parallel to the meshes, showing no indication of medul- 
lary rays. 

Fig. 8. A vascular bundle and its accompanying cellular tissue from a section 
of the original specimen of Lepidodendron Harcourtu, Lindl. & 
Hutt. The large cells surrounding the drawing are the parenchyma 
of the circumference of the stem. ‘The cellular tissue belonging to 
the vascular bundle is composed of small cells with very delicate 
walls. This tissue so readily decayed that I have never seen it in 
any specimen of Stigmaria, or in any of these stems except this 
Lepidodendron. 

Discussion. 

Prof. Morris insisted on the necessity of the student of fossil 
botany being thoroughly acquainted with modern botany also. It 
was from specimens discovered many years ago by Mr. Prestwich 
that the true nature of the Stigmarie had been discovered; and he 
quite agreed with the author in regarding them as cryptogams, 
and in no way connected with gymnosperms. The abundance of 
cryptogamic spores in coal was hardly at present appreciated. 
There were some varieties of coal almost exclusively composed of 
‘such spores. 

3. On the British Sprrcius of the Genera Crrmacoerarsus, Drpro- 
erapsus, Dicranoerapsus, and Dipymoerarsus. By H. ALLEYNE 
Nicuotson, D.Sc., M.B., F.G.S. 

[This paper has been withdrawn by permission of the Council. ] 

Aprit 14, 1869. 

Captain William Price, M.P., of Tibberton Court, near Gloucester ; 
Sir David Wedderburn, Bart., M.P. of 17 Pall Mall; A. Rogers, 
Esq. (Bombay Civil Service), Heath End House, Hampstead; W. 
E. Koch, Esq., 31 Oxford Square, Hyde Park; and the Rev. James 
Kernahan, M.A., Ph.D. (Rostock), F.R.S.L., F.E.S., 50 Green- 
wood Road, Dalston, were elected Fellows of the Society. 

The following communications were read :— 

1. On the Coat-MInEs at Katanoma, in the Istanp of Yrzo. By F. 
O. Apams, Esq., H.M. Secretary of Legation in Japan. 

(Communicated by the Secretary of State for Foreign Affairs.) 

[ Abstract. ] 

Tue writer stated that the works at Kaianoma have made con- 
siderable progress since they were reported upon by Mr. Mitford 
last year*. There are four seams of coal, each about 7 feet thick 
and at a distance from each other of from 50 to 100 feet. Mr. Adams 

* See Quart. Journ. Geol. Soc. vol. xxiv. p. 511. | 
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mentions a tunnel, 430 feet above the sea-level, bored through the 
whole thickness of one of the seams for a distance of between 150 
and 250 feet. A cross tunnel near the mouth of this reached coal at a 
distance of 50 feet. The coal is carried down to the shore by men, 
mules, and ponies ; its price on the spot is 4 dollars per ton. 

Mr. Adams also stated that, from what he had heard, there are 
unworked coal-seams in the neighbourhood of Otarunai, and indi- 
cations of lead, copper, and even gold in various parts of the island. 

2. On a Pecuiiarity of the Brenpon Hits SpatHose-[Ron-Ore 
vEINS. By M. Moreans, Esq. 

(Communicated by Warington W. Smyth, Esq., F.R.S., V.P.G.S.) 

[ Abridged. | 

Accorpine to the author the Brendon Hills consist of a Devonian 
Slate, dipping about S. by E. at 30°, and N. by W. at 60° on the two 
sides of the axis of elevation. The cleavage-lamine dip nearly S. 
by W. at 80°; and the cleavage-strike varies but little from E. by N. 
and W. by S., forming only a slight angle with the main axis of 
elevation. 

The clay-slate of the Brendon Hills contains very fine lenticular 
veins of spathose iron-ore exceedingly rich in manganese, the dip and 
strike-lines of which are not influenced by irregularities in the strata, 
but for the most part follow the direction of the cleavage-planes, 
although, as they are often tortuous, they do not constantly coincide 
with them (fig. 1). 

Fig. 1.—Cross Section of a Vein. 
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The depth of the veins has not been ascertained. The main ones 
extend for several miles in length, sometimes dividing and reuni- 



256 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [April 14 

ting. The greater part of each vein is “dead” or unproductive; 
the productive portions or ‘“‘ pockets” vary from a few yards to 100 
fathoms in length and from a few inches to nearly 30 feet in thickness. 
The pockets are sometimes very close together, sometimes more than 
a mile apart in the same vein ; in all cases they are connected by a 
vein-“ track,”’ consisting chiefly of softened clay-slate and quartz 
with occasionally a little iron-ore (fig. 2). 

The “pockets” are found not to descend parallel to the line of 
their dip, but to slope endwise, generally to the west, but in one or 
two cases to the east. To this phenomenon the author gives the name 
of “end-slant.”’ He accounts for it in the following manner. He 

Fig. 2.—Longitudinal Section of a Vein. 

ppp. “ Pockets.” ¢¢. Vein-track, 

assumes that the veins have been segregated from the adjoining clay- 
slate, the unproductive portions occurring where the continuous 
strata were not sufficiently impregnated with ferruginous matter to 
produce a lode of ore, the ‘‘ end-slant” of each productive part being 
‘«< determined by the line of intersection of the sloping plane of the 
vein with the boundaries of the ferruginous portions at the com- 
mencement and termination of each ‘ pocket.’ ” 

Discussion. 

Mr. Eruerrper thought that the great iron-lodes of this district 
lay in the great faults which traverse the country, and in which 
there had been considerable downthrow to the north. In most 
cases in the Bristol district the lodes seem to have been formed at 
the bottom of the sea during the New-Red-Sandstone period by 
infiltration of salts of iron into the faults. : 

3. On the Sart-mines of Sr. Domrneo. By F. Ruscuwavpr. 

(Communicated by Sir R. I. Murchison, Bart., K.C.B., F.R.S., V.P.G.S.) 

[ Abridged. | 

Tur author described the Cerro de Sal, or Salt-mountain of St. 
Domingo*, as subordinate to the main chain of mountains run- 
ning in a 8.K. and N.W. direction, its own direction being E.S.E. 
and W.N.W. ‘The eastern part of the Cerro de Sal is very rugged 
and steep, rising to 550 or 600 feet; towards the W. it becomes 
lower, and forms a chain of irregular hills. 

* See Quart. Journ. Geol. Soc. vol. xxiv. p. 335. 
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The rocks of which the mountain is composed are referred by the 
author to the ‘‘ Red-Sandstone class.” Below, where the chief 
visible salt-deposits occur, the rocks are chiefly gypsum-schists, 
sometimes very argillaceous, rarely calcareous. The salt is gene- 
rally surrounded by an ash-like mass, consisting of gypsum and 
clay. ‘The higher part of the mountain is formed of gypseous rock 
not forming connected layers; this is compared by the author to 
the gypsum of the Keuper. 

The salt-bearing beds are said by the author to be thrown up 
into a perpendicular position, and this upheaval is described by him 
as occurring for miles both in the hills and on the low savanas. 
Numerous salt-springs eccur at considerable distances around the 
mountain. 

About eighty holes have been opened by the natives upon the 
ridge of the mountain in order to get the salt. On the north side 
an immense ledge of salt is exposed, the soil having been washed 
away fromit. The part exposed is from 250 to 300 feet broad, and 
is about 200 feet from the base of the mountain. 

By an examination of the whole district the author has satisfied 
himself that the salt-deposits extend not only through the whole of 
the Cerro de Sal, but also down into the plains below. The adjacent 
hills to the north-west also bear positive evidence of containing 
extensive salt-deposits. The supply of salt in the great lake Enri- 
quillo is maintained by the filtration of water down to the beds of 
salt and then out into the lake. The salt obtained is generally of 
superior quality. 

DISCUSSION. 

Sir R. I. Murcuison had been at a loss to understand how such 
beds of salt could coexist with shells said to be of recent species in 
St. Domingo. The question seemed, however, to have been solved 
by the fact that these shells are of Miocene age. The geological 
survey of many of the West-Indian islands had determined that 
nearly all these deposits were of Miocene age. In the majority of 
the islands there were no rocks so old as the Cretaceous ; and he 
therefore suspected that there must have been an error on the part 
of the author in regarding the beds of St. Domingo as belonging to 
the Trias. The salt of St. Domingo is therefore of the same age as 
that of Wieliczka in Poland. 

Prof. Ramsay thought it was more remarkable that any salt- 
deposits of the New Red Sandstone should exist than that there 
should be so many of Miocene age. There was not much proba- 
bility of great salt-deposits of more recent date, as there had hardly 
been sufficient time for their formation, though in the Great Salt 
Lake and elsewhere such deposits were now forming. The reason 
why such old deposits of salt had been preserved appeared to be 
that the salt had been hermetically sealed up in impermeable marl 
as soon as the part of the salt which lay near the outcrop of the 
beds had been dissolved away. 

Mr. Ernermce was satisfied that the shells from St. Domingo 
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which came with the salt are of Miocene age. In other West- 
India islands gypsum of Miocene age occurred, and pseudomorphs 
of salt. He recommended Mr. Sawkins’s work on the Geology of the 
West Indies to the attention of geologists. 

A, A Description of the “ Broaps” of East NorForx, showing their 
Oriern, Posrrion, and Formation in the Vauueys of the Rivers 
Bure, Yare, and Waveney. By Ricwarp B. Granruam, Ksq., 
C.E., F.G.8 

[ Abridged. ] 

Tue author described the “ Broads” of East Norfolk as large cies 
of fresh water situated in the valleys of certain rivers, such as the 
Bure, Yare, and Waveney, although never directly in their course, 
the distance of the Broads from the above-mentioned rivers being 
from one quarter of a mile to three miles. They are, however, con- 
nected with the rivers by watercourses. The Broads in the valleys 
of the rivers Bure, Yare, and Waveney are thirty in number, twenty- 
three of which are in the valley of the first-named river. The author 
gives the following list of them with their areas in acres :— . 

I. On the River Bure and its Tributaries. 

Acres. Acres. 
Ormesby, Rollesby, & Filby 464-9 Catfield ... ( 22:4 
Walshiama 03 wis Sess iach ers 62:1 Olivers \... onthe | 23:0 
FRATEWOTEE Jo eco. <s 5s) 3/055 erate = 1176 Barton ... } river 229°6 
AGGOIG, 2 aca tec ateaent= tyres 13°3 Stalham... Ant. 75°6 
ECON Ace ceils teen ee sone Dahan 17-6 
allhouse seis kete. mek ete » 228 Hickling & ) 578-0 
erate Men cane ss + ee obits ale’ Whitesley 
I @veton,; Tate... si oe ees 576 Womack . on the 25°5 
Hoveton, Great....-.:....- 121°5 Chapmans } Hundred < 468 
Waroxbiann Aerie eet 92:4 Martham Stream | 115°5 
Bridge ude es seit ceeeeies 128 Horsey ... 130°6 
Tess PDL aee Se OIA Regen See 12-0 Calthorpe ) 13°8 

II. On the River Yare. III. On the River Waveney. 

Buckenham “0... 2-2 s0 es ac 20:1 Brittoa os cee tee 157-0 
WERUMIpSHAW ets wee se ee fel Maxton t. ee e ae 128 
Rocdand ! ostee lice tek nc 1170 Oulton! gi4.Gs). seer 99-0 
Surlinge Hama sg -ejsy- cto seme 104:0 

The ageregate area amounts to 2816 acres. 
Many of the Broads are being reduced in size by the deposition of 

‘decaying vegetable matter, and the accumulation of detritus brought 
into them by the small streams which feed them. The bottoms 
of Martham, Hickling, Whitesley, and Horsey Broads are about on 
the level of low water at Yarmouth; the bottom of the united 
‘Ormesby, Rollesby, and Filby Broads is from 12 to 14 feet below 
that level. The surface of the water in the last-named Broad is 
about 2 or 3 feet above that of high water. 

The author maintains that the “ Broads,” although freshwater 
lakes, are relics of a time when the whole of these valleys were sub- 
merged, and in fact formed great estuaries. He instances the salt- 
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water lake called Breydon Water, which lies on the west of Yar- 
mouth, and to which the tide still has access ; this at present receives 
the waters of the Bure, the Yare, and the Waveney. 

The author considers that the submergence of these valleys may 
have persisted in part until the historic period ; for it is stated that in 
the year 1004 Sweyn took his fleet up to Norwich and burned that 
city ; and as late as the year 1347 Yarmouth stood upon an island, 
being separated from the mainland by a northern channel called 
“ Grubb’s Haven,” which was subsequently silted up. 

Discussion. 

Mr. Gwyn Jerrreys suggested a zoological as well as a geolo- 
gical examination of these lakes. If of marine origin, possibly 
some marine forms might be found still existing in them, as had 
been discovered to be the case in some of the lakes of Sweden. 

Mr. Szarztes Woop, Jun., agreed that these broads were of later 
date than the excavation of the valleys. He cited Mr. Prestwich’s 
account of the boring at Yarmouth, which showed a large amount of 
silting up of the valley. 

Mr. Prestwicu inquired whether the amount of silt at the bottom 
of these broads had been ascertained, and whether any estuarine 
shells had been found in the beds at the bottom. 

Prof. Ramsay suggested that the broads might be relics of the 
old valleys of the time when the Thames and other rivers of the 
east of England united with the Rhine and other continental rivers 
to flow into the Northern Ocean. 

5. Ona peculiar Instance of IntraciactaL Erosion near Norwicu. 
By Srearztes Woop, Jun., Esq., F.G.S., and F. W. Harmer, Esq. 

(The publication of this paper is deferred.) 

[ Abstract. | 

Tue authors described the general structure of the valley of the 
Yare, near Norwich, in which the fundamental chalk-rock is covered 
by the following drift-beds:—1, the Chillesford sand and clay; 
2, pebbly sands and pebble-beds ; 3, the equivalent of the contorted 
Drift of Cromer; 4, the middle glacial sand; and, 5, the Boulder-clay. 
The valley is hollowed out in these beds. Sewer-shafts sunk in the 
bottom of the valley near Norwich have shown the existence of an 
abrupt hole or narrow trough in the chalk, having one of its sides 
apparently almost perpendicular. This is filled up in part by a de- 
posit of dark-blue clay, full of chalk débris, exactly resembling the 
Boulder-clay at a distance from Norwich, but quite different in cha- 
racter from that occurring in the vicinity (No. 5); and this is over- 
lain in part by a bed of the middle glacial sand (No. 4), and in part 
by a postglacial gravel. The authors believed that this peculiar 
hole or trough was excavated by glacial action after the deposition 
of the bed No. 3, and that it belongs to the earliest part of the 
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middle glacial period. At Somerleyton Brick-kiln, near Lowestoft, 
a perfectly similar bed occurs between the drift and sand (Nos. 
3 and 4), 

Discussion. 

The PResIDENT inquired whether the perpendicular wall of chalk 
shown in the section could be due to the action of a glacier, as sup- 
posed by the author. 

Mr. Prestwicu suggested that the depressions formed in the chalk 
in other districts by chemical action might possibly throw some 
hight on the case. 

Mr. Evans thought it possible there might have been a valley 
originating in a large fissure, and partly filled up with reconstructed 
glacial deposits. 

Prof. Ramsay was inclined to accept the solution offered by Mr. 
Prestwich, and could not see any traces of the action of a glacier. - 

Mr. Erneriver thought the phenomena might be accounted for 
by a fault. 

Mr. Hueuzs pointed out that the clay-bed was totally different 
from any of the beds supposed to have been let down. 

Mr. Szartzes Woop, Jun., in reply, relied on the difference in 
character of this bed to prove that the case was not the result either 
of a fault or of beds being let down into a pothole. He had madea 
mistake in using the word “ glacier” instead of “ iceberg.” 

6. On the Lienttn Mines of PopERNvovo, near VOLTERRA. 
By E. J. Bzor, Esq., F.G.S. 

[ Abstract. | 

Tue author stated that the deposit of Lignite at Podernuovo, 
near Volterra, is of lacustrine origin, and consists of two parallel 
strata of compact coal about 24 metres (=8 feet 4 in.) in thickness, 
separated by a thin stratum of marl, with marsh-shells. The lower 
coal-bed lies on a bed of marl with marsh-shells, and the upper bed 
is covered by a marine formation belonging to the Upper Miocene. 
The lignite comes to the surface near the Alberese, where it is thrown 
up in a large mass and extends for a considerable distance. In the 
Monterufoli valley, where the lignite is worked, its inclination is 
found to be about 42° at a depth of 40 metres, where it is intersected 
by an adit-level driven from the surface of the hill for the removal 
of the lignite. Two galleries have been driven at right angles to 
this to a distance of 120 metres right and left through the lignite. 
Some shifts occur bringing the upper bed down nearly to the level 
of the lower one; the inclination of the beds diminishes gradually ; 
and the intervening stratum of marl decreases in thickness, and 
probably at last thins out altogether. The coal in the upper bed is 
better than that in the lower one. The author remarked that this 
lignite deposit differs from those of the neighbouring valleys (such 
as the Val di Bruno, Val di Pecora, Val di Cornia, and Val di 
Cecina), in being purely of marsh origin, while they are estuarine. 
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Daniel Jones, Esq.,of Donington, near Wolverhampton, and Thomas 
Heathcote Gerald Wyndham, Esq., Fellow of Merton College, Oxford, 
of Sock Dennis, Ilchester, were elected Fellows of the Society. 

The following communications were read :— 

1. On the Grotoey and Mrneratoey of the County or Hastines, 
Canapa West. By T. C. Wattsringes. 

(Communicated by Dr. Percy, F.R.8.) 

3. Lower Silurian. 

. ConTENTs. 

J. Introduction. 4. Laurentian. 
II. The Geology of Hastings. III. On the Occurrence of Gold. 

1. Recent Deposits. IV. On the Iron Ores. 
2. Post-Tertiary. | VY. On the other Minerals of Has- 

tings. 

I. Iyrropvuction. 

Wirutn the last two or three years, considerable excitement has 
been aroused by the discovery of gold in several localities in the 
North Riding of the County of Hastings. Long previously, attention 
had been directed to the occurrence of valuable deposits of iron-ore 
distributed through the northern townships of the county; but al- 
though attempts have been made from time to time to explore a 
few of these deposits, no systematic or extensive workings have yet 
been undertaken, and at the present time these iron-ores remain 
almost entirely undeveloped, Looking, however, to the extensive 
mineral resources of North Hastings, and to its favourable geogra- 
phical position, it can hardly be doubted that many of the town- 
ships are destined to become important mining-districts ; and the 
object of the present communication is to lay before the Society an 
account of the chief mineral deposits, so far at least as they admit 
of description in their present undeveloped state. 

Before describing these minerals, however, it seems desirable, for 
the better understanding of their mode of occurrence, to give a 
general sketch of the geological features of the country. Much 
information on this subject may be found scattered through the 
pages of the admirable Reports issued by the Geological Survey of 
Canada; but the following description is mainly the result of per- 
sonal observation and local knowledge derived from a long residence 
in that part of Canada. 

The County of Hastings is situated on the north shore of the Bay 
of Quinté in Upper Canada. It was formerly divided into the North 
and South Ridings, all the minerals of economic value being con- 
fined to the former division. The geological formations exposed 
within the limits of the county comprise, in descending order, the 
Drift, Lower Silurian strata, and certain Laurentian rocks. 
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II. Grotoay or Hastines. 

1. Recent Deposits.— Before describing the several geological 
formations of the county, a few superficial deposits of local occur- 
rence and of recent origin merit a brief notice, partly from their 
geological interest and partly from their economic value. Thick 
beds of a white shell-marl, charged with Cyclas, Planorbis, and 
other freshwater shells, are scattered here and there over the surface 
of the county. In many of the small shallow lakes this marl is still 
in- course of deposition. The waters of such lakes otten contain 
carbonate of lime to such an extent that any object exposed to their 
action is readily coated with a calcareous incrustation. From July 
to November many of these lakes are more or less completely dried 
up, and the marly deposits covering the bottoms are then exposed. 
« Lime Lake,” a considerable expanse of shallow water in the south- 
east angle of Hungerford, derives its name from the calcareous de- 
posit which it thus throws down. Marl-beds of a similar lacustrine 
origin often attain a thickness of several feet, and sustain a rank 
vegetation—cedar-swamps (arbor vite), for example, commonly 
standing upon such deposits. The occurrence of this freshwater 
marl is well exposed on the drift forming the higher banks on the 
west side of the river Moira above Belleville. No attention has 
hitherto been directed to the utilization of this shell-marl; but it 
obviously possesses considerable value to the agriculturist as a 
fertilizer, and may perhaps be useful to the metallurgist as a flux, 
as well as for making the cupels or hearths used in refining auri- 
ferous and argentiferous lead. 

In a country which possesses no workable quantity of coal, more 
than ordinary interest attaches to the occurrence of peat. Deposits 
of this fuel, often of considerable thickness, are extensively distri- 
buted through the mineral regions of Canada, and must eventually 
play an important part in the development of its mineral resources. 
Nearly all the smaller lakes scattered over the Laurentian area 
contain, either at their outlets or in sheltered coves along their mar- 
gins, considerable accumulations of vegetable remains, which have 
partly grown in their present position and partly been drifted 
thither by winds or by the current of the river flowing through the 
lake. Year after year these stagnant accumulations are increased, 
and eventually become converted into a peaty substance sufficiently 
compact to admit of a rich vegetable growth upon the surface. 

In connexion with the occurrence of peat, attention may be di- 
rected to the deposits of bog zron-ore, which are widely distributed 
over the surface of the country, and in certain localities appear to be 
still in course of formation. Although bog iron-ore usually contains 
phosphorus, it yields an iron which from its easy fusibility is highly 
valued for castings. Bog-ore has been employed with most satis- 
factory results at the St. Maurice and Radnor forges, both in 
Canada East. The bog-ore of Hastings is especially abundant 
in the township of Marmora, but has not hitherto been brought 
into use. | 
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2. Post-Tertiary.—Neglecting the recent formations, which are 
of local occurrence only, the surface of the county is for the most 
part covered by an extensive accumulation of sand, gravel, and clay, 
with boulders of northern rocks, forming a portion of that general 
covering of drift which overlies the greater portion of the province, 
and extends southwards into the United States. The upper part of 
these deposits consists of a series of sands, gravels, and clays, more 
or less distinctly stratified, and usually resting upon a tenacious 
unstratified Boulder-clay. The boulders are derived partly from the 
syenitic, gneissoid, schistose, and limestone rocks of the northern 
Laurentian area, and partly from the wreck of the thick-bedded 
limestone, which will be subsequently mentioned as forming a 
part of the Trenton group, and which, previously to its denuda- 
tion, overspread a great portion of the Laurentian rocks of the 
northern townships of Hastings. Many of the blocks have a volume 
of several cubic yards each, and are often broken up for road-metal. 
A single boulder or ice-borne mass of Laurentian rock, at the 
Shannonville Station on the Grand Trunk Railway, covers a super- 
ficial area of about 5 acres, and has a thickness of 100 feet. Iso- 
lated boulders are not unfrequently found on the tops of hills, where 
they have probably been left by the denudation of the deposit in 
which they were originally imbedded. 

The accumulations of drift are sometimes heaped up in isolated 
hillocks, or in ranges of hills, and sometimes spread out over the 
valleys. A cutting in the Court House Hill, in Belleville, exposes 
a good section of the drift. Upon a base of Trenton limestone, the 
surface of which is highly polished and grooved, there is an accu- 
mulation of deposits attaining an aggregate thickness of about 60 feet, - 
and consisting below of a tenacious Boulder-clay, overlain by a thick 
bed of blue clay and a series of finely stratified sands and gravels. 
In the blue clay there frequently occurs the cast of a peculiar or- 
ganism, supposed to be a plant, which presents either a ramified or 
a lenticular form and attains a size of from 2 to 3 inches in diameter, 
and from 1 to 13 inch in thickness. 

A succession of deposits, similar to that exposed at the Court 
House Hill, may be seen in the Oak Ridge—a range of drift-hills 
running across the country from East to West, having a width of 
from 3 to 6 miles, and varying in height from 100 to 500 feet. 

On removing the superficial accumulations, the subjacent rock, 
whether gneiss, schist, or limestone, usually exhibits distinct traces 
of having been subjected to glaciation. Many of the rocks are 
highly polished, whilst others are distinctly striated and grooved, 
the general directions of the markings being from N. EH. by N. 
to 8. W. by 8S. Some remarkably distinct ice-scratches were ex- 
hibited in the town of Belleville in the autumn of 1864, when a 
cutting was made in Pinnacle Street. The section exposed about 
30 feet of “hard pan,’ or gravel, with boulders of calcareous and 
syenitic rocks, resting on the Trenton limestone. The surface of 
this limestone, when freshly-exposed, was most distinctly polished 
and striated, the general bearing of the marks being N. 35° E. and 
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S. 35° W. Other less strongly-marked striz varied slighty from 
this common direction. 

On the road from Belleville to Shannonville, on the first conces- 
sion of Thurlow, between Lots 24 and 25, I have observed the 
direction of ice-marks on the outcropping Trenton limestone to be 
K. 85° N. and W. 85° S. 

A careful study of the deposits here grouped together as “ drift” 
would apparently lead to the conclusion that their formation is re- 
ferable to the action of two distinct agencies—the one a force 
similar to that of land-ice pushing before it an accumulation of 
northern rocks, whilst it rounded, polished and grooved the country 
over which it swept, and the other an action similar to that of ice- 
bergs scattering their freight of gravel and angular fragments of rock 
over the bed of the sea. The eastern half of the township of Hun- 
gerford, and the northern ranges of Huntingdon and Rawdon, are 
thus covered with scattered angular blocks of limestone removed 
from the Laurentian area, some of the blocks exhibiting distinct 
glacial markings. Between the period of glacier ice and that of 
floating ice the stratified sands and clays appear to have been depo- 
sited in comparatively tranquil water. 

3. Lower Silurian.—In the South Riding of Hastings is an ex- 
tensive development of that division of the Lower Silurian formation 
distinguished as the Trenton group, including under that name not 
only the Trenton Limestone proper, but also the Bird’s-eye and 
Black-River Limestones. The upper portion of the Trenton group 
consists of a series of thin-bedded shaly limestones, occasionally in- 
terstratified with beds of calcareous clay, and highly charged with 
the characteristic fossils of the Trenton Limestone. These rocks 
generally strike in an east and west direction, and are for the most 
part horizontally bedded, or have only a gentle dip to the south-west, 
with occasional evidence of a slight upheaval. In the shallow 
valleys of denudation which in many places intersect the county, 
sections of these limestones are occasionally exposed; but as a rule 
they are almost completely obscured by a covering of drift. 

The thin-bedded fossiliferous Trenton Limestones rest conformably 
upon a thick-bedded limestone almost destitute of fossils, only three 
species having hitherto been detected. Probably this thick-bedded 
limestone represents the Bird’s-eye and Black-River series. Sections 
are exposed along an escarpment, varying from 50 to 100 feet in 
height, which forms the junction of the Trenton beds with the un- 
derlying Laurentian rocks. This escarpment gives direction to the 
drainage from the Laurentian watershed of this part of Canada. 

The total thickness of the Trenton Limestone at Belleville may be 
estimated at about 800 feet. A boring to the depth of 600 feet was 
sunk about 15 miles 8. W. of Belleville, in the County of Prince 
Edward, without reaching the base of the series; and another 
boring, 7 miles north of Belleville, 500 feet deep, was attended with 
a similar result. 

Whilst the Trenton group of rocks is almost confined to the 
southern part of the county, it is notable that two large outliers of 
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the thick-bedded limestone are found in the Laurentian area of 
Madoc, at a considerable distance from the main mass. In a lec- 
ture delivered at Madoc in 1866, I called attention to these outlying 
patches. One of them occurs about a mile south of the Richardson 
gold-mine, and the other at a distance of about 2 miles S.E. of 
the former mass. The N. and N.E. sides of these outliers present 
prominent escarpments, whilst the other sides have a gentle slope. 
Other smaller outliers of limestone are scattered over the Laurentian 
area; and all are of interest as attesting the extensive denudation 
which the country has suffered. 

At the base of the Trenton group there is found in certain locali- 
ties of the North Riding a thin band of grey limestone, having so 
extremely fine a texture as to render it well adapted for use as a 
lithographic stone. 

In the township of Hungerford. the Trenton limestone is occa- 
sionally underlain by an untossiliferous calcareous sandstone, sup- 
posed to represent the Caleiferous Sand-rock and Potsdam Sandstone, 
which form the base of the Lower Silurian formation. 

4. Laurentian.—The Lower Silurian beds usually rest uncon- 
formably upon a very irregular surface formed by the denuded edges 
of a large group of highly inclined strata of metamorphic rocks, 
which have been referred provisionally to the Lower Laurentian 
formation. These rocks are exposed over a large portion of the 
North Riding, and consist of a very diversified series of micaceous, 
hornblendic, and chloritic schists, interstratified with beds of gra- 
nular and crystalline limestone, and penetrated by bosses of syenitic 
and gneissoid rocks. Bands of conglomerate occur locally, and con- 
sist of quartzose, felspathic, and calcareous pebbles, imbedded in a 
matrix of micaceous schist or of dolomitic limestone. Most of the 
stratified Laurentian rocks exhibit evidence of having been highly 
disturbed, the dip being extremely irregular, and often at a very 
high angie. An apparent inversion of the rocks may be seen in the 
adjoining townships of Tudor and Madoc. Traces of an organic 
structure referred to Hozoon Canadense have been detected by the 
Geological Survey of Canada in the limestones of Madoc and Tudor; 
but it is supposed that these rocks may be placed on a higher 
horizon than the Kozoonal limestones of Grenville. Indeed Sir 
William Logan admits that the stratigraphical position of the crys- 
talline rocks of Hastings is by no means satisfactorily determined ; 
but he adds that “it would be premature to remove them from the 
horizon in which they have been provisionally placed.” 

In addition to the extensive development of these so-called Lau- 
rentian rocks in the northern townships, domes of similar syenitic 
and gneissoid rocks are exposed in several parts of the Trenton- 
Limestone area to the south, where the overlying limestone has been 
planed down or removed by denudation. 

It has been suggested that certain labradorite rocks forming a 
range in the township of Tudor, known locally as the “ Hole in the 
Wall,” may be regarded as outlying masses of the Labrador or 
Upper Laurentian series. 
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III. On tHE OccurRENCcE of Gop. 

All the rocks in which gold has recently been discovered in the 
County of Hastings are comprised within the Laurentian area, known 
as the Quinté Gold-mining District. The first discovery of the 
precious metal was made in 1866, during an unsuccessful search for 
copper ores. Superficial indications of the occurrence of copper in 
the township of Madoc had previously led to the prosecution of 
irregular workings in several localities ; but none of the explorations 
had been characterized by any measure of success. At length, 
however, a specimen was obtained from one of these so-called mines 
which, although at first mistaken for native copper, was soon found 
to be native gold. Stimulated by this discovery, further search was 
prosecuted; and at the locality which subsequently became famous 
as the “ Richardson Mine,” a considerable quantity of free gold was 
discovered in two pockets, or irregular cavities, at a depth of about 
15 feet below the surface. Considerable interest attaches to this 
mine, not only on account of the large amount of gold which it 
yielded within a very short space of time, but more especially on 
account of the peculiar conditions of association under which the 
metal occurred. 

The Richardson Gold Mine is situated on the eighteenth lot of 
the fifth concession in the township of Madoc. The surrounding 
rock consists of an epidotic and chloritic gneiss, enclosing a bed of 
steatitic schist, and associated in certain places with a ferruginous 
dolomite. A peculiar character is given to this dolomite by the 
local occurrence of a black carbonaceous substance which, in ex- 
ternal characters, bears considerable resemblance to a lignite, but 
which is regarded by Dr. Sterry Hunt as probably an altered form 
of bitumen. It occurs imbedded in the dolomite, in small irregular 
fragments, which break with a conchoidal fracture, and present a 
pitch-black colour and a resinous lustre. Heated in the open air, 
it readily ignites, burning with little or no flame, and leaving a 
residue which, in a specimen examined by Dr. Hunt, consisted of 
“ carbonate of lime, with some siliceous and ferruginous matter, in- 
cluding a quantity of gold.” 

This friable carbonaceous substance, in association with ochrey 
oxide of iron, incrusted the walls of the gold-bearing pockets of 
the Richardson Mine, and formed the matrix through which the metal 
was chiefly disseminated. Itwouldappearthatthese pockets are merely 
expansions of a fissure running along the plane of bedding between the 
highly inclined rocks of the surrounding country. The contents of 
these cavities have evidently been derived from the decomposition of 
the surrounding dolomite; for that rock, as seen by the specimens ex- 
hibited, contains the disseminated carbonaceous matter, together 
with free gold, whilst it appears to be sufficiently ferruginous to 
yield the oxide of iron on decomposition. Whether the carbona- 
ceous substance has, by its reducing action, played any part in the 
genesis of the gold is a chemical question on which the writer is 
not prepared to enter; but their intimate association in this mine is 
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at least highly suggestive. Moreover the presence of the carbo- 
naceous matter, not in cavities in the dolomite, but imbedded in 
the rock itself, is a point of considerable significance to the pale- 
ontologist, as indicating the existence of organic remains in rocks 
which have been referred to so old a formation as the Lower Lau- 
rentian. 

The gold yielded by the pockets of the Richardson Mine usually 
occurred in a finely divided state, or in the form of small scales 
and dendritic fragments, but never exhibited distinct crystalline 
forms, It presented a reddish-yellow colour, and was remarkably 
pure. A specimen assayed in Toronto was between 22 and 23 carats 
fine, the native metal being thus quite as pure as the standard gold 
of this country. The auriferous material extracted from the pockets 
(consisting of the carbonaceous and ochreous substances) yielded from 
£3 to £4 worth of gold to the pound. How much of this gold-stuff 
the mine actually produced it is extremely difficult to estimate; for 
whilst the workings were in the hands of Mr. Richardson, consi- 
derable quantities were surreptitiously carried off by parties who 
gained access to the mine, and were distributed to so large an 
extent that, even at the present time (now more than two years 
after the discovery), specimens may readily be purchased in the 
neighbourhood. It is said that upwards of 60 lbs. of the auriferous 
material were sent to the United States by the first purchasers of 
the mine, and subsequently three barrels of the same material were 
forwarded to New York. It is commonly supposed that the total 
value of the gold yielded by the pockets of the Richardson Mine 
was not less than £10,000. 

When, however, the two deposits were exhausted the supply ceased, 
and attention was then directed to working the surrounding “coun- 
try,’ where the gold exists either in so finely divided a state as to 
escape detection by the eye, or in combination with iron-pyrites 
and other metallic sulphides. 

It has been said that the metal was confined exclusively to the 
fissure, and that it could not have been derived from the adjacent 
rocks, as these, if not entirely destitute of gold, are impregnated 
with it only to a very limited extent in the immediate neighbour- 
hood of the crevice. Such a statement however, is, entirely con- 
tradicted by a chemical examination of rocks broken at a consider- 
able distance from the pockets. Several assays have been made by 
Professor T. Bell, of Albert College, who has kindly furnished me 
with the results. Two specimens of dolomite from the Richardson 
Mine yielded respectively 9 oz. 11 dwts. 16 grs., and 4 oz. 5 dwts. 
17 grs. of gold per ton of 2000 lbs.; whilst the metallic sulphides, 
chiefly iron-pyrites, washed from these two specimens contained as 
much as 88 oz. of gold to the ton. The average value of the gold- 
stuff at present crushed at the mine is only about £1 per ton; but 
even this is found to be more than sufficient to cover the working- 
expenses. It should be noted, however, that all the gold thus ob- 
tained is extracted by amalgamation; and as the rock contains a 
large percentage of auriferous sulphides, it is probable that larger 
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returns would be yielded by a metallurgical treatment better adapted 
to the character of the ore. 

In the same township as the Richardson Mine, gold-ores have 
recently been worked at several localities. The Madoc Gold- 
Mining Company’s shaft on lot seventeen in the seventh concession 
of Madoc was sunk on a quartz lode, coursing through gneiss N. 15° 
W., and dipping about 60° W. — Very little free gold was visible ; but 
the iron-pyrites disseminated through the quartz was apparently 
auriferous. Samples of vein-stuff from near the surface yielded 
about £12 10s. of gold to the ton, and at a depth of between 30 
and 40 feet Professor Chapman found the quartz to contain 3 dwts. 
12 grs. of gold, and 1 oz. 11 dwts. 12 grs. of silver per ton ; but at 
a depth of about 60 feet the vein became entirely barren of gold. 

At the Empire Mine, also situated in the township of Madoc, 
both gold and silver have been obtained from a vein-stone contain- 
ing arsenio-antimonial grey copper-ore, together with mispickel, 
iron-pyrites, and bitter-spar. According to Professor Bell’s assay, 
the grey copper-ore contained 8 oz. 4 dwts. of gold, and 331 oz. of 
silver to the ton of 2000 lbs., the value of which would be £95; 
and this result was confirmed by Dr. Sterry Hunt, who found that 
the dressed ore, when holding one-fourth its weight of vein-stone, 
yielded 9°7 oz. of gold, and 120-7 oz. of silver to the ton of 
2000 Ibs. 

In the adjacent township of Marmora auriferous quartz has been 
worked at the Feigle Mine, opened on lot sixteen in the eleventh 
concession. The gold is here associated, as in so many other gold- 
bearing localities, with a vitreous quartz more or less stained with 
hydrous peroxide of iron. Mr. Bell has found that one sample of 
this quartz yielded, by amalgamation, 3 oz. 13 dwts. 8 grs. per ton, 
whilst another portion contaied 7 oz. 15 dwts. 123 grs. per ton. 
[A specimen exhibited from the Feigle Mine showed the free gold 
imbedded in a large prismatic crystal of liver-coloured Hisenkiesel, 
or quartz charged with hydrous peroxide of iron. | 

At the Barry Mine, in the township of Elzevir, a dark crystal- 
line limestone is crushed for gold. The mean of four assays of ore, 
discovered in this township by Mr. Smallfield, Ue gold to the 
value of nearly £8 per ton of 2000 lbs. 

From the township of Hungerford, quartz containing much iron- 
pyrites has been found to contain both gold and silver, probably in 
association with metallic sulphides. 

Nothing would be easier than to considerably extend this list of 
gold-bearing localities. Indeed it appears that the metal is dis- 
tributed, in greater or less quantity, through most of the schistose 
rocks of the gold-mining region; for I have invariably found that 
these rocks yield, on assay, a notable amount of metallic sulphides 
more or less auriferous. Probably the most advantageous mode of 
treating these sulphides would’ be to smelt them to a rich regulus, 
which might be then exported to England for extraction of the gold. 

Norr.—The following assays of gold-bearing rocks, from the 
Quinté gold-mining district, by Professor Chapman, of University 
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College, Toronto, are of value, as showing the average quality of 
the ores found in this locality :— 

No. 1. From Madoe. No. 5. From Madoe. 
dwts. grs. oz. dwts. grs. 

Gold = 3 12 per ton. Gold =1 V7 2 per ton. 
Silver= 7 14. 55 Silver=0 + Peay 8 

No. 2. Ditto. No. 6. Ditto. 
Gold = 7 | ee Gold =1 I} AGT LEG 
Silver=18 (RRS aoe Silver =0 6 Teles 

No. 3. Ditto. No. 7. Ditto. 
Gold = 5 7 eee Gold =1 1 Oras 
Silver=14 Da <4, . Silver=0 3° CS gag 

No. 4. Ditto. No. 8. From Marmora. 
Gold =19 Lies Gold =] 19 BG sae 
Silver= 3 : Silver=0 5 Limes, 

LY. On tHE OccuRRENCE OF [RON-ORES. 

It has long been known that extensive deposits of valuable iron- 
ores occur in the Laurentian rocks of the North Riding of Hast- 
ings. These ores rarely, if ever, occur in true veins, but are usually 
found in bedded masses, more or less distinctly interstratified with 
the adjacent rocks, and in many cases appearing at the junction of 
the gneiss with crystalline limestone. The ore-deposits traverse the 
townships of Madoc, Marmora, and Belmont in a general east and 
west direction, thus following to some extent the common trend of 
the strata. The iron is found sometimes in the form of magnetic 
ore, and sometimes in that of hematite. 

As many of these beds of magnetic iron-ore have been ably de- 
scribed in the Reports of the Geological Survey of Canada, it is 
needless to give any detailed notice of them in the present paper. 
Such is the famous “ big ore bed” of Crow Lake, situated on the 
eighth lot of the first concession of Belmont. This is the ore which 
was formerly smelted at the Marmora Iron Works. Above the 
surface of the ground, the bed exhibits a width of about 500 feet ; 
but recent excavations at the base show that it attains a still greater 
development below. 

The “Seymour ore bed,” on the eleventh lot of the fifth range of 
Madoc, has also been described. This was at one time worked to a 
limited extent to supply the Seymour furnace at Madoc. 

As magnetic iron-ore is very widely distributed through the 
county, it would be tedious to note its many places of occurrence ; 
but I may perhaps call attention to a new locality in Madoc, on the 
nineteenth lot of the first concession, which yields a fine magnetic 
ore [of which samples were exhibited]. A large deposit of mag- 
netic iron-ore, also hitherto undescribed, is found on lot nine of 
the sixth range of Madoc. 

Before dismissing the subject of magnetic iron-ores, it may be 
mentioned that the deposits of this mineral attain so extensive a 
development as to form, in many cases, remarkable physical features 
of the country. Indeed the supply of ore which might be obtained 
by working these deposits would be practically inexhaustible. 
Smelted pwath wood-charcoal, or with peat, which must necessarily 

U2 
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form the fuel employed, and which may be obtained to an almost 
unlimited extent from the noble forests and extensive peat-beds 
which still cover a large portion of the country, these ores would 
yield an iron admirably adapted to the manufacture of steel, and 
probably equal in quality to the celebrated Swedish charcoal-iron 
which has hitherto been so largely imported into this country. 

In addition to the well-known magnetic ores, the Laurentian 
rocks of Hastings are rich in deposits of Hematite or red oxide of 
iron. In the discovery and development of these Hematites I have 
long felt much interest. The existence of the ‘“‘ Kane ore bed” was 
pointed out by me several years back, and the bed has already been 
described by the Geological Survey. It is situated on lot twelve of 
range five in the township of Madoc, and has a superficial develop- 
ment extending over several acres. Since the last notice published 
by the Survey, I have caused an excavation to be made in the field 
where the ore was originally discovered, and after cutting for a 
distance of 40 feet failed to reach the wall rock. The ore is a fine- 
grained Hematite, converted at the surface into a soft red ore. As 
traces of ancient workings have been found in this deposit, it is 
probable that the Indians formerly visited the locality for the sake 
of obtaining the red ochreous substance for use as war-paint. In 
an excavation, at a considerable depth, I have obtained bone needles 

-and other objects of human workmanship [which were exhibited] ; 
whilst several shells and stag-antlers that were also found in this 
excavation have been transmitted to Dr. Dawson, of Montreal. 

The Hematite from the Kane ore bed has been smelted at the 
Radnor forges in Lower Canada, and has yielded a pig-iron of ex- 
cellent quality. It has also been treated at the Atlas Works in | 
Glasgow by the Bessemer process with very encouraging results. 
According to an assay made in the Metallurgical Laboratory of the 
Royal School of Mines, the ore contains 51:46 per cent. of iron. 

In the third lot of the fourteenth range of Hungerford, there 
oceurs a bed of Hematite, to which attention has not hitherto been 
directed. The ore is a hard fine-grained Hematite, breaking with. 
a stecl-grey fracture and high metallic lustre. In its present un- 
developed state, it is difficult to estimate the-extent of the deposit, 
but it is undoubtedly considerable. An assay made in the Metal- 
lurgical Laboratory of the Royal School of Mines shows that this 
ore contains 65:91 per cent. of iron. 

Pyrrhotine, or magnetic pyrites, although not to be regarded 
strictly as an iron-ore, may be most conveniently noticed in this 
place. An extensive deposit of this iron-bearing mineral crops out 
on the face of a hill on the nineteenth lot of the first range in Ma- 
doc. As this mineral not unfrequently contains cobalt and nickel, 
it was considered desirable to examine the Canadian pyrites for 
these metals; but no traces of either were detected. 

V. On THe oTHER MINERALS oF HasTINes. 

- Whilst the gold and iron-ores form the chief mineral wealth of 
Hastings, the county is by no means destitute of other minerals, 
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many of which possess considerable value in an economic point of 
view. The most important of these is Galena, extensive deposits of 
which may be traced for a considerable distance through the town- 
ships of Tudor and Lake. It is notable that the lead-ores thus 
enjoy a geographical distribution entirely distinct from that of the 
iron-ores. The Galena usually occursin a gangue of calcareous spar, 
and forms veins or lodes coursing through the Laurentian Lime- 
stone or calcareous schists. Copper-ores have been found, as pre- 
viously stated, but never in sufficient quantity to render their 
working remunerative. A small and unimportant deposit of antv- 
monite, or sulphide of antimony, has been found in the township of 
Sheffield. Plumbago, of greater or less purity, is occasionally met 
with in the Laurentian limestones of the county, but has not 
hitherto been worked. 

Finally, attention may be directed to two other minerals, which, 
although of no economic value, are of mineralogical interest as 
species that have not hitherto been described from this county. 
One of these is Rutile, or owide of titanium, which I have found 
penetrating the quartz of Hog Lake in the form of stout prismatic 
crystals, striated longitudinally, and presenting a hair-brown colour 
and a strong lustre. The other mineral is Schorl, or black tourma- 
line, which occurs on lot fifteen of range four in Madoc, as a reticu- 
lated mass of slender prismatic crystals imbedded in quartz. 

Discussion. 

Prof. Ramsay inquired as to the proof of the existence of so large 
a boulder as one of five acres in extent. Under ordinary circum- 
stances large boulders fell from higher rocks on to the surface of 
glaciers beneath, and were by them transported to the places where 
now found; but the fall of such a mass seemed almost incredible. 
He suggested that possibly it might be a boss of the Lower Lauren- 
tian beds standing out through Silurian strata. 

Mr. Davin Forsss stated that the results of his own examination 
of some of the specimens from the gold-mines of this district did not 
quite tally with those recorded in the paper, especially those of the 
rocks in the neighbourhood of the veins. He considered that the 
gold in Canada was confined to the veins. 

Mr. Prestwicu cited the discovery of a boulder between Grantham 
and Peterborough, which was at least 400 feet in length, and con- 
sisted of a mass of Great Oolite. 

Mr. Szartes Woop mentioned a boulder of marl in the coast- 
section near Cromer upwards of 300 yards in length, and 60 feet in 
height. 

Mr. WALLBRIDGE, in reply, stated that the rock must have come at 
the least twenty miles from its original home. The surface of the 
Trenton limestone rock in the neighbourhood was striated in the 
direction of the boulder. There was no evidence of intrusion. The 
mass was traversed in two or three places by crevices. 

ee 
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2. On the Disrrisution of Frint Iuprements in the Drirt, with 
reference to some recent Discoveries in Norroux and SuFFOLK. 
By J. W. Frowsr, Esq., F.G.S. 

(The publication of this paper is unavoidably postponed.) 

[ Abstract. ] 

Tux author noticed some recently discovered localities in the valley 
of the Little Ouse which have yielded Flint Implements, viz. at 
Broomhill, about 350 feet from, and 5 or 6 feet above the level of 
the river; at Gravel Hill, about 1 mile from, and 60 feet above 
the river; at Shrub Hill, about 1 mile from, and only a foot or two 
above the river; and at Lakenheath, nearly 3 miles from the river, 
and 60 feet above it. In the first three of these localities the worked 
flints are in coarse gravel, resting immediately on the Cretaceous. 
beds (chalk in the first and second, gault in the third), and overlain 
by regular deposits of gravel and sand. The implements resemble 
those of St. Acheul, Thetford, and Salisbury, but present some pecu- 
liarities, from which the author inferred that each place might have 
had its own workmen, and that the different forms were intended 
to answer different purposes. At Brandon some implements formed 
of quartzite had been found in a bed consisting of rounded quartzite 
pebbles mixed with about one-fourth of flints. Flint agi 
occurred beneath this bed. 

The author described the geographical characters of ihe district 
and the peculiarities in the distribution of the flint implements, which 
he regarded as in accordance with the phenomena presented by the 
valley of the Somme; and he argued, from the presence of rocks of 
foreign origin and other considerations, that the implement-bearing 
gravels were not transported to their present situation by the agency 
of the rivers in whose valleys they occur, but that the implements 
were made upon the spot, exposed upon the surface with the gravels 
in which they are found, and from which they were made, and finally 
covered up by the gravels and sandy beds which now overlie them. 

Discussion. 
Mr. Presrwicsa dissented from the author as to many of his con- 

clusions. There were in the district drained by the river Ouse 
beds of gravel belonging to the Boulder-clay series, from which the 
quartzite pebbles described might have been derived. The author had 
not taken into proper account the formation of the valleys by erosion, 
and it was a mistake to suppose that others had not also attributed 
the formation of the implements to the close proximity of the spots 
in which they are found. The implements were not limited to the 
lower part of the gravel, though principally occurring there, but 
occurred even above the seams of river-shells. He inquired whether 
the gravel between the Little Ouse and the Wissey might not be- 
long to the Boulder-clay series. — 

Prof. Ramsay agreed with the author that flint implements might 
be found in other localities than those in ‘the neighbourhood of 
rivers. He protested against referring the gravels to the rivers as 
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they at present exist. The ancient rivers had no doubt run at far 
higher levels than at present. Even the watersheds afford no gauge 
of the ancient bounds of the rivers. 

Mr. Evans stated his belief that the gravels on the plateau between 
the Little Ouse and the Wissey belonged to the Glacial series. . He 
could not agree with the author in limiting the occurrence of the 
implements to the base of the beds, in ignoring the eroding power 
of rivers, or in regarding the deposits at Lakenheath and Vaudri- 
court as remote from all possible river-action. He maintained that 
the whole of the phenomena were in accordance with the excavation 
of the valley, since the highest beds with implements had been de- 
posited near Brandon, and pointed out that a large part of the great 
plain of the Fens had probably been formed principally by tidal 
action, since the deposit of the gravel-beds at Shrub Hill. 

Mr. Seartes Woop regarded the valleys of the district under con- 
sideration as not formed by river-action, but by tidal action during 
emergence of the land. He regarded the higher gravels mentioned 
as not of river origin, and dissented from the hypothesis of the 
rivers of the south of England having formerly run at very high 
levels. 

Mr. Frowsr, in reply, could not accept the belief that the process 
of the manufacture of these implements could have been carried on 
during the very lengthened period supposed by Mr. Evans, as, if so, 
other traces of the men who formed them would have come to 
hght. He thought the French theory of diluvial action was more 
in accordance with the phenomena than that of fluviatile transport. 

May 12, 1869. 

Francis Henry Brown, Esq., of Bishwell, near Swansea; Samuel 
Jenkins, Esq., 13 Clement’s Inn Passage; Lieut. Walter Haweis 
James, R.E., Brompton Barracks, Chatham; Charles Lambert, Esq., 
3 Queen Street Place; Gordon Broome, Esq., Royal School of Mines, 
and Thomas William Gardner, Assoc. Inst. C.E., 10 St. Augustine’s 
Square, Camden Road, N.W., were elected Fellows of the Society. 

The following communications were read :— 

1. On some of the Resuuts arising from the Breppine, Joints, and 
SPHEROIDAL SrRucTURE of the GRANITE on the HastERN SIDE of 
Dartmoor, DrvonsHtre*. By G. Warzrne OrmeErRoD, Hsq., M.A., 
F.G.S. 

Tur following pages will be confined to observations on some of the 
effects which bedding, perpendicular joints, and spheroidal struc- 
ture have produced in the physical features of Dartmoor. In the 
report on the geology of Cornwall, Devon, and West Somerset, Sir 
Henry de la Beche states (page 157) “that the granite of Dartmoor 

* The district described in this paper is included in the Map published in 
the Quarteriy Journal of the Geological Society, vol. xxiii. p. 418. 
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is, as a whole, a coarse-grained mixture of quartz, felspar, and mica, 
the latter sometimes white, at others black, the two micas occasion- 
ally occurring in the same mass. It is frequently porphyritic, from 
the presence of large crystals of felspar, and here and there schor- 
laceous ; but the latter character is chiefly confined to the outskirts, 
where the Dartmoor granite adjoins the slates.” This description 
is very applicable to the southern part of the district, which will 
now be noticed, where the granite is said greatly to resemble that 
of Auvergne; but to the north of the river Teign the rock is more 
compact and crystalline. 

The apparent stratiform appearance and rapid changes of cha- 
 racter in the beds of granite are so well known to most geologists, 
that itis not needful to enter upon that point at length. Mr. D. Mack- 
intosh, in his paper “‘On Oblique Lamination in Granite” (Q.J.G.5. 
vol. xxiv. p. 279), mentions instances of the linear structure of that 
rock on Dartmoor, and the occurrence of striking variations in its cha- 
racter in overlying parallel beds. De la Beche’s report states that “a 
very general structure prevails throughout the Cornish granites, and 
is more particularly observable in the large masses. This structure 
consists in a division of the granite into portions resembling beds, 
which form tabular masses when they are extensive, the edges 
bending beneath the adjoining schistose rocks” (page 163). I have 
observed that the beds also occasionally bend or dip on Dartmoor. 
Thus, on the north-east side of the Moor, at Scarrey Tor and Higher 
Belstone Tor, on Belstone Ridge, the beds of granite dip towards the 
Carboniferous rocks which closely adjoin them on the north-west. The 
last-named Tor is cut off abruptly at the south-eastern end, and the 
side of the hill is for a considerable distance covered with angular 
fragments. Possibly the granite originally dipped also to the south- 
east, and the beds broken up by the joints have rolled down to the 
river Taw. Similar curvature has been noticed in places remote from 
the schistose rocks; thus, on Teigncombe Common, near Chagford, 
more than two miles distant from the carbonaceous rocks, the 
granite at Kestor dips in a northerly, and at Middleton in a south- 
erly direction—causing probably the contour of the hill, and the 
valleys of the north and south Teign. At Blackingstone, near 
Moreton Hampstead, the beds curve down on the north side, pre- 
bably causing the valley that lies between that rock and the White 
Rock, where the beds he nearly horizontally. At Houndtor (about 
halfway between Chagford and Ashburton) the beds at the west 
end are nearly horizontal; at the east end they curve downwards, 
and probably cause the valley between that and Leign Tor. These 
are the most obvious examples of “ dip’’ in the granite that I have 
noticed in the district to which this paper relates ; in all these cases 
the dip is very perceptible, and quite distinct from oblique lami- 
nauon. 

The same Report states (page 165) that “it is the intersection of 
the more or less perpendicular joints or divisional planes with the 
stratiform structure in the Cornish and Devon granite which gives 
it the appearance of being composed of a multitude of rectangular 
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blocks ;” and the observations of Professor Sedgwick and Mr. Enys 
are there quoted (page 171) to show that the general direction of 
the lines of joint in Devon and Cornwall is from N.N.W. to 8.8.E., 
and that on the northern part of Dartmoor the granite is also cleaved 
in lines at right angles to it, or nearly so. Variations from these 
directions are often seen, and the EK. & W. joints occur along the 
whole of the eastern escarpment; but my own observations agree as 
to the general direction of the lines of joint with those above quoted. 
The general and most simple appearance of a joint is merely that of 
a crack passing nearly perpendicularly through a rock which is of 
similar character on both sides; but the variations are frequent; 
and of these a few instances will be given. The joits vary in 
width from a line to an opening of several inches, where the decay 
has been great; and in mineral veins, if they ought to be regarded 
as occupying joints, the width will often be several feet. The joints 
vary from the perpendicular ; and the east and west joints incline 
more than the north and south; and there is no rule as to the direc- 
tion of the inclination. Sometimes there is a difference in the 
character of the granite on the opposite sides of a joint. A vein of 
decaying granite occasionally occurs between compact masses of 
granite of similar character; a vein at Carrion Hill, near Moreton 
Hampstead, is an example of this; but veins of decaying granite, 
with hard rock adjoining, often occur, which are not apparently 
connected with joints. An example may be seen in the cutting to 
the south of Lustleigh station. A series of parallel joints may 
occasionally be noticed with a few inches only of rock between 
them; and though these portions of rock are alike in general cha- 
racter, the felspar crystals in each will be placed in different posi- 
tions. The connexion of joints with mineral veins will not be 
entered upon, except to notice that the joint not unfrequently 
passes nearly along the centre of a vein of felspar, where it is 
marked by a black line of fine schorl, in which case the felspar is of 
a pink colour. Several of these variations may be seen in the 
weathered cutting on Mill Hill, near Chagford. The character of 
the granite by the side of the joints (as mentioned in Report, page 
190) occasionally appears to be altered; on the surface it is 
black, often from schorl, and presents a tessellated appearance, 
caused by minute cracks, which penetrate about an inch deep into 
the rock. If this coating is removed, the unaltered granite of the 
district will be seen below. Examples may be seen near Chagford, 
at Lower Murchington, Mill Hill, and about a quarter of a mile 
from the town by the side of the road to Moreton. Minor lines of 
joint, extending only over small areas, occur occasionally. These 
cross at rather acute angles; and when the sides of these minor 
lines of joint have been altered as above mentioned, the granite 
presents a basaltiform appearance, which, if not carefully examined, 
may mislead. A good enample may be seen at the base of the 
north end of West Hey Tor, where the basaltiform beds form a stratum 
only a few feet in thickness, but many of the joints extend upwards 
into the overlying rock. These joints are perpendicular. 
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A slight inspection of a tor will in most cases show that the form 
in which it now appears is caused by lines of joint. In those where 
the granite is crystalline and hard, as at Yes Tor, East Mill Tor, 
Belstone Range, Wattern Tors, and others, this is very apparent; but 

Fig. 1.—South side of North end of Belstone Tors, showing ends of 
North and South Joints and Dip of Granite to the West. 

in some cases, as at Kestor, where the granite is not very compact, 
and is subject to decay, this, though not so obvious, is soon detected. 
A Dartmoor tor consists sometimes of a solitary rock, though more 
frequently of distinct but associated masses, rising from the same 
bed or boss of granite. At the tors composed of associated masses, the 
form of each division can be generally traced with ease to the influence 
of the joints, and the line followed from rock to rock. At Hound 
Tor this is well shown. The toris divided into three portions by a 
wide opening which traverses it from west to east, and is crossed 
at part of the eastern extremity by another opening ranging nearly 
from north to south. There are low broken cliffs on both sides of the 
east and west opening; and on the south side of it the oblique 
beds mentioned by Mr. Mackintosh (Q. J. G. 8. xxiv. p. 279) are well 
exposed. Great Mistor, on the western edge of the moor, is divided 
in a similar manner by a wide opening ranging from N. to S., with 
low cliffs at the side. Fur Tor, near the centre of the moor, is a 
fine example of an associated tor. Hey Tor is divided into East and 
West Hey Tor by a wide opening which runs nearly from N. to S. 
At East Hey Tor the east and west joints are very clearly shown 
dividing it into distinct blocks. It may here be mentioned that it 
does not appear that these wide openings were caused by the decay 
of soft rock. Occasionally, as at Hey.Tor, the rock that underlies 
the opening is exposed; and when that is the case it is generally 
found that the beds of which it consists are continuous from the 
adjoining tors. The solitary tors will in most cases be found to 
have been once connected with others in the same vicinity, though 
now so far apart that they are known by separate names. Thus 
Yes Tor is a solitary tor, bounded on two sides by lines of north and 
south joint, and with the east and west lines easily traceable. This 
and High Willhayse, about half a mile to the south, and some other 
smaller rocks, once doubtless formed part of the same field of 
granite. Kestor and Middletor, solitary tors distant about half a 
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mile, mark the places to which the granite extended before it curved 
down to the N. & S., as before mentioned. At Wattern tor (fig. 2), 

Fig. 2.— Wattern Tor, from the South, showing the decay along the 
lines of North and South Joints. 

the chief mass is crossed by two north and south lines, along which 
decay has acted, dividing the upper part into three masses, and 
forming one of the most imposing tors on the moor. To the N.E. 
of this tor there is a narrow ridge with low cliffs on both sides, 
formed by parallel N. & 8. lines of joint; and at one place, in 
consequence of decay along the E. & W. joint, the storms have 
forced a passage, whence the tor has derived the name of Thirl- 
stone. The E. & W: joints here are not perpendicular, but in- 
cline towards the south; at Honey-bag Tor, near Widdicombe, in 
the moor, the inclination is towards the north. Near Manaton, on a 
hillside, there is a solitary tor, ‘‘ Bowerman’s Nose,” rising about 40 
feet above a “clatter of rocks;” its prismatic shape is probably 
derived from the intersection of lines of joint. These tors have been 
selected from. many as a series of examples of the effect of lines of 
joint, tracing it from the large massive cluster of rocks to the insu- 
lated pillar. Belstone Tors in the hard granite, and Hound Tor in 
the softer granite, are probably two of the best points for studying 
the lines of joint, and the different varieties of bedding, and decay 
along the lines of bedding, that occur in the east of Dartmoor. 

It has been before noticed that the granite at the northern part 
of Dartmoor is more crystalline and compact than that to the south 
of the North Teign; in the last-named district is the broad belt 
extending across Dartmoor mentioned in my paper on Rock Basins, 
as containing those hollows (Q. J. G. 8. xv. p.16). In this south- 
eastern division, in addition to the other sources of decay, is one 
that arises from the spheroidal structure of- the granite. Professor 
Warington Smyth, in his Presidential Address for 1868 (page 1.), 
mentions that in Palestine blocks of granite decay from the centre 
to the surface, giving rise to rounded hollows. That species of 
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decay I have not noticed on Dartmoor (unless perhaps the primary 
hollows of the rock basins have been caused by it), but the con- 
verse takes place ; the adjoining rock decays, and spheroidal masses 
are left. At Furlong, near Chagford, sections of the spheroidal 
masses are seen in large-grained but tolerably compact granite, 
in the face of an old quarry; and in the adjoining field, on a knoll 
where the granite is disintegrating, the upper parts of two globular 
masses are well shown, one highly felspathic, and in a state of 
decay, the other still retaining the external coating. A very fine 
example of a section of the same in decaying granite was, until this 
month (March 1869), visible by the roadside between Rushford and 
Chagford, but is now hidden by a wall. In these cases the sphe- 
roidal masses are still a situ. By the side of the Moreton and 
South Devon Railway, north of Casley Cutting, there are three dis- 
tinct disk-shaped blocks of hard rock, evidently once forming parts 
of the same bed; they are supported on pedestals of soft decaying 
granite. Almost opposite to the Lustleigh Station, on the same 
line, are the finest examples of spheroidal masses in situ with which 
I am acquainted (fig.3); these have already been described by Mr. 
Mackintosh in the paper to which reference has already been made. 
As remarked by Mr. Mackintosh, it is probable that from this action 
many of the supposed boulders in the neighbourhood of Lustleigh 

Fig. 3.—Decaying Granite, showing in situ blocks resembling Boulders, 
near Lustleigh Station, Moreton Hampstead Railway. 

have originated, the blocks possibly not being far removed from the 
spots that they occupied when in situ. To this cause probably also 
may be ascribed the shape of various large insulated rocks found in 
the district where this spheroidal structure is so apparent, such as 
the large rocks in the Rushford Woods near Chagford, Willistene 
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rocks near the Teign north of Moreton, and the Parson’s Brown Loaf 
near Lustleigh Rectory. 

In noticing the effects that bedding, joints, and spheroidal struc- 
ture have had, and now have, it has been necessary to touch on each 
separately ; but it is scarcely needful to say that these three causes 
are constantly acting together. The action of joints in dividing the 
masses which have since become isolated, and of decay penetrating 
between the stratiform blocks, have doubtless shaped the rocks that 
form the Cheese Ring and similar places. To the-joint action of all 
three causes may probably be attributed the Logan or Rocking Stones 
of the east of Dartmoor, at Belstone, and Thornworthy, and to that of 
bedding and joints, probably, that on Rippon Tor; the stones that 
form these three Logans are probably zn situ. The Drewsteignton 
Logan in the Teign is of compact, hard, angular felspathic granite, 
and rests upon granite; it is in the Carbonaceous district, about a 
quarter of a mile to the east of the point where the Dartmoor 
granite ceases: it is not wm situ; and the amount of large felspar 
erystals contained in the stone lead to the opinion that it has not 
formed part of any of the numerous granite and elvan veins which 
in that locality penetrate the Carbonaceous rocks. The well-known 
«< Nutcracker,” the Logan in Lustleigh Cleave, is on the side of the 
hill, and is not in setu; it is apparently a block of granite which has 
rolled down from above and fallen into a position in which it could 
be easily moved. This Logan was wantonly thrown out of balance a 
few years since, but has now been replaced. Another Logan of 
similar»character is almost close to the ‘‘ Nutcracker.” A further 
examination has shown that the rocks at Leigh Bridge described by 
the author at p. 419 of vol. xxii. of the ‘Quarterly Journal’ as 
“masses of granite piled on each other,” are in situ. This appear- 
ance is due to the north and south lines of joint and spheroidal 
structure. 

In this paper attention has been directed solely to the bed- 
ding, joints, and decay from spheroidal structure which appear in 
times past to have been, and which now are, active agents in pro- 
ducing the disintegration of the granite, of which the effects are so 
apparent; doubtless the varied manner in which the rocks have 
been acted upon arises in a great degree from the peculiar mineralo- 
gical character of each district; but this is a point on which I much 
regret that it is not in my power to give reliable information. 

It has been needful occasionally to go over ground which has 
already been partly described by others ; and in those cases it has 
been endeavoured to incorporate the opinions and observations of 
the various authors in their own words. 

Discussion. 

Prof. AnsteD had observed similar conditions in Leicestershire, 
Alderney, and elsewhere. The most important feature in the case 
was the amount of subaérial disintegration and denudation to which 
the rocks, and especially the Tors, bore witness. The bedding 
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pointed to the metamorphic character of granite; and in some parts 
of Corsica this was still more plainly shown than in Devonshire. 

Mr. W. W. Smuyrts agreed that the disintegration of granite was 
mainly due to the causes pointed out by the author. He did not, 
however, regard them as entwrely resulting from subaérial denuda- 
tion acting on a surface of uniform quality. There was probably a 
difference in the proportions of the constituent parts in the granite, 
some parts in the same quarry being soft while others were of ex- 
treme hardness. These softer parts were easily removed, while the 
harder parts were left. The question was, whether this difference 
was the result of the original deposition or of subsequent segrega- 
tion. Even where china clay resulted from the decomposition of 
the rock, some of the nodules of harder granite occurred. 

Prof. Braytey remarked that the subject of the spheroidal struc- 
ture of some of the crystalline rocks was of much importance in 
geological physics. He believed he had been the first to call atten- 
tion (Phil. Mag. 1830) to the connexion of rock-basins with that 
structure as existing in granite. The phenomena at Karn Bré in 
Cornwall were much the same as on Dartmoor, and resulted, ori- 
ginally, from the concealed spheroidal structure of the rock, or 
rather from what he might term a spheroidal tension. In Mount- 
Sorrel syenite and Northumberland basalt the same was to be traced ; 
and Rowley Rag exhibited the effect of the spheroidal tension, as _ 
developed by weathering, in the most perfect manner. 

Mr. Scorr stated that in the granite district near Dublin isolated 
blocks, deeply weathered, like the tors described in the paper, were 
met with. The granite itself contains masses of a harder nature 
than the surrounding rock, which are usually enveloped in a coating 
of black mica, In the stratified granites of Donegal and Argyllshire 
such a structure had never been noticed by him. 

2. Notes on APPARENT LitHoDoMOoUS PERFORATIONS 2n NoRTH-WEST 

Lancasurre. By D. Macxrnrosu, Esq., F.G.S. 

[ Abridged. | 

Tx author, after referring to the discovery of perforations in lime- 
stone rocks, at various altitudes above the sea, by Mr. Pengelly in 
Devonshire and Mr. Darbishire in North Wales, proceeded to de- 
scribe the character and mode of occurrence of those he lately 
observed near the shores of Morecambe Bay. They were stated to 
be most numerous in the neighbourhood of Great Urswick, at alti- 
tudes of between 200 and 300 feet; but after a persevering search 
he found them on the eastern or Grange side of Hampsfell up to 
667 feet above the sea. ‘They occur in limestone rocks of varying 
structure.... They have been excavated irrespectively of any hard- 
ness or softness of the rock, and of any susceptibility to decay in 
one part of the rock more than another. Their circumference runs 
continuously through portions of rock of varying composition,” and 
the holes often run into and through fossils. 
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Mr. Mackintosh believed that a minute study of the actual effects 
of rain and other atmospheric agents would convince any one that 
these perforations were not the result of weathering. “The pits, 
holes, or crevices produced by chemical decomposition, or the slight 
mechanical action of rain-drops*, are either rough or present no 
regularity of outline, and they always conform to the varying com- 
position and structure of the rock. The distinction between the 
perforations under notice and all other indentations in limestone 
rocks is obvious.” In one large specimen Mr. Mackintosh noticed 
that the perforations were more circular, smooth, and cleanly cut 
than a hole made by an iron borer, which happened to be in the same 
slab of rock. ‘They all present a uniformity of pattern irrespec- 
tively of the character of the rock. They generally occur in groups, 
which often ramify from a large shallow entrance or lobby. In 
most cases the mouths of the holes would appear to have been either 
fractured off by frost or in some other way destroyed ; but instances 
have been found in which they have been preserved, and then the 
mouths are seen to be smaller than the interior of the holes. They 
frequently exhibit circular striz, as if excavated by a rotating, or 
partially rotating, agency. The perforations have been ground out 
by some cause,as evidently as any rock-surface has been subjected 
to a grinding process..... They are associated with smoothly 
hollowed, rounded, and funnelled rock-surfaces which run under the 
drifts of the limestone districts of North-west Lancashire.” 

In conclusion, the author expressed his belief that the holes were 
ground out by some animal while the land was submerged, either 
before, during, or after the Glacial period. 

P.S. Very lately (July 1869) I have found numerous similar per- 
forations at altitudes between 1000 and 1400 feet above the sea, near 
Buxton, the most perfectly preserved (about seven-eighths of an 
inch in diameter, and often 33 inches long) occurring on the steep 
or south-west side of Hill-head Valley, about a mile 8.E. of Parks 
Inn.—D. M. 

DIscussIon. 

Mr. Gwyn Jerrreys remarked that Mr. A. Tylor had already 
called attention to the same subject three years ago. He could not 
agree in regarding the perforations as made by any mollusk or other 
animal. The borings of Pholas, Saxicava, and Gastrochena were not 
parallel, but enlarged towards the base into a pear-shaped form. 
They were also comparatively straight, and not curved or bifur- 
cated as in the limestones exhibited. The range in height was also 
against their being the work of marine mollusks. He thought the 
perforations were more probably due to atmospheric agency. 

Prof. Anstep had seen in the large blocks of the Cyclopean walls of 

* «The holes generally open downwards, or horizontally, on the protected 
sides of projecting ledges or blocks, in situations to which rain has little or no 
access.” 
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Greece holes of various sizes bored to different depths by the com- 
bined action of vegetation and atmospheric influences. In some 
cases these holes were large enough to receive the arm, and were 
two or three feet in length. 

3. On the Ontein of the Paratten Roaps of Guzen Roy. By Jamus 
Nicon, Esq., F.R.S.E., F.G.8., Professor of Natural History in the 
University of Aberdeen. 

Tux general characters and appearance of these celebrated roads 
are so well known as scarcely to require to be mentioned. Running 
apparently with perfect horizontality and complete parallelism along 
the two sides of a long Highland glen, turning up every lateral 
valley and encircling every hill, they form a spectacle altogether 
unique in this country, and which, when once seen, can never be 
forgotten. Their mode of origin, on the other hand, still remains 
one of the open, undecided questions in Scottish geology. Various 
theories have been proposed, each enjoying popularity for a time, 
but no one permanently remaining master of the field. The hori- 
zontality, parallelism, and general character of the lines leave no 
doubt that they have been formed by water standing at the level 
of each line or road for a very considerable period, and then sud- 
denly subsiding to the level of the next lower road. Thus far all 
recent observers seem agreed. But fresh water and salt—mountain | 
loch and sea-firth—have still each their own supporters; and some 
who once advocated the one of these views, may now be found sup- 
porting the other. It is thus evident that no facts very decisively 
in favour of either theory have yet been adduced. But that such 
facts do exist I hope to be able to show in the following observa- 
tions, and thus to contribute some evidence tending to decide this 
question. 

As the general aspect and characters of these lines or roads are 
so well known, and have been so often and accurately described, I 
shall abstain from referring to them as far as possible. My remarks 
also have reference to the rival theories generally, and not to any 
special view or defence of them, and I have therefore avoided all 
reference to the writings of former observers, and all criticism or 
remark on their arguments. With very few (and these easily under- 
stood) exceptions, the facts stated are only such as I have personally 
verified during my repeated visits to the country where the lines 
occur. 

Two rival theories as to the cause and origin of these lines at 
present prevail among scientific men. One party considers them 
ancient sea-margins, left behind as the land rose, or, as it may be 
otherwise expressed, when the sea retired. The other party ascribe 
them to fresh-water lakes which formerly filled the valleys and 
were drained at intervals, as the barriers, of ice or detritus, that 
shut in these lakes, were suddenly dissolved or broken down. I 
adopt the first or marine theory, and therefore am not much con- 



1869.] NICOL—PARALLEL ROADS. 283 

cerned in the special arguments for or against the two varieties of 
the lake-theory. 

Whatever view we may take of the origin of these lines, one 
great fact seems beyond dispute. Long before they originated, the 
country in which they lie must have had nearly its present form 
and outline—the same hills and mountains, the same glens and 
valleys, with nearly their present relative elevations. This fact we 
may, or rather must, assume in all our reasonings and speculations. 
This region has also been subjected to a very extensive glacial 
action. Wherever the rocks are newly exposed they are marked by 
grooves and strie. The direction of these striz and the form of the 
rounded rocks show that in a few cases the ice has come down some 
of the lateral valleys and moved towards the west. But other facts 
appear to me to indicate that here, as in other parts of the North of 
Scotland, the great ice-stream has flowed from the west, and pro- 
bably from a lofty mountain-chain that then existed in that region. 

Subsequent to this ice-period, but before the formation of the 
Glen-Roy lines, the whole region has been submerged in the sea. 
This is proved by the uniform coat of detritus covering the whole 
surface, in a thicker or thinner sheet according to the form of the 
ground. This coat is not the mere surface waste, but matter laid 
down by water, and is too widespread and general in its distribu- 
tion, and too much mixed in its composition, to have been formed 
in any mere lake. Associated with it are numerous boulders of 
travelled stones, some of them imbedded in its mass, others lying 
on the surface. As examples of these I may mention some huge 
blocks of black granite and other smaller masses of red porphyry 
which occur within a few yards of the summit of Craig Dhu, a 
conical mountain of mica slate, that rises to more than 2000 feet 
above the sea, in the angle between the valleys of the Spean and 
Roy. One block must weigh about forty tons; and they are evi- 
dently ice-borne masses, floated probably far from the west in the 
ancient ocean. 

It is in this detrital cover that the lines are cut; and the period 
and mode of its formation are thus of much importance. That it is 
a marine deposit seems beyond doubt. That it has been formed 
since the general glacial striation of the land is also proved by the 
fact that it spreads over the rocks marked in this manner. This is 
well seen in the Spean valley in very many places. More convincing, 
or at least more interesting, is the fact that in Glen Roy these 
striated rocks occur immediately under the lines. The old line or 
parallel road now passes over the rock-surface that in a former 
period was worn and striated by the glacier. There is thus the 
most direct proof that the period of general ice-striation was sepa- 
rated from that of the formation of the lines, by a period in which 
the land was submerged in the ocean and its general cover. of detri- 
tus deposited. 

This fact, however, does not decide the mode of formation of the 
lines, or even its relation to ice and glaciers. There is abundant 
evidence in many parts of Scotland that the great western glaciation 

VOL, XXV.—PART I, Xx 
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has been followed by more limited and local ice-action. Even on 
the same rock-surface two intersecting sets of strie may be seen, 
the older set quite independent of the present outline of the coun- 
try, the newer clearly determined by the existing mountain-valleys 
and glens. It is quite possible that, after the land emerged from 
the sea, ice may have again formed in the mountain-corries and 
flowed in vast rivers down the glens. There is, indeed, evidence that 
this has occurred, in at least the higher portions of the district. 
But we must ever be careful to avoid confusing these mere local 
and partial glaciers, very limited both in size and influence, with 
the far older and more universal ice-action of the first period. The 
earlier glaciers can have had no connexion with the origin of the 
lines; the later may. 

When examining the lines on various occasions, I have ever been 
on the search for some fact or facts that might serve as a criterion 
of the truth or falsehood of the rival theories. At one time I 
thought the character of the shingle composing them, and the mode 
of its deposition, might serve this purpose. But I could find no 
character of this kind at all satisfactory. The shingle on the shores 
of our Highland fresh-water lakes and that on those of the inland 
salt-water lochs, are too similar in most respects to admit of accu- 
rate discrimination. At length one character did occur to me of a 
testing and discriminating kind, one point in which the two views 
were essentially different. Mr. Milne long ago pointed out the re- 
markable fact that the three best-marked lines corresponded nearly 
with cols or gorges between the hills, and showed that these gorges 
must have formed the outlets for the fresh-water lakes to which he 
ascribed the cutting out of the lines. Now of this there can be no 
doubt. Iffrom any cause the water of the Spean was prevented from 
flowing off to the west till it rose to the height of the first or lower 
line, it would form a lake flowing off to the Spey by the pass of 
Maccoul; so also a barrier raising the waters of the Roy to the 
second line would cause them to overflow by Glen Glaister; and 
were this exit also shut, when they rose to the third or highest line 
they would then escape at the very top of Glen Roy into the Spey. 
How far the levels of the respective lines correspond exactly with 
these cols must be left to the Ordnance Survey to decide. The levels 
are either very near, or perhaps the lines in some cases a little 
higher; so that the supposed lakes would necessarily have overflowed 
at the points mentioned. 

It is thus certain that, if the lines were formed by fresh-water 
lakes, each of these passes must have been the exit of a river of very 
considerable size and flowing in a narrow valley for a long period. 
If, on the other hand, they are of marine origin, then these same 
passes were sea-straits—narrow channels connecting one great bay 
with another. Here then was a marked difference in the two theo- 
ries, a matter of fact which existing phenomena might enable us 
to decide. For this purpose I examined the various passes carefully, 
and found that whilst in none of them was there the slightest trace 
of an ancient river, in all there were distinct indications of the 



1869. | NICOL—PARALLEL ROADS. _ 285 

former existence of a narrow sea-strait. Here, then, it appears to 
me we have undoubted proof that the lines have been formed by the 
sea, and not by lakes. 

A few observations taken from notes made on the spot may render 
this statement plainer. The highest line is that in Glen Gloy. The 
valley by which the lake is assumed to have drained into Glen Roy 
is very narrow and encumbered with detritus from the hills on the 
sides. The summit-level is flat and marshy, and it appeared to me 
considerably below the level of the line. On the other hand, a line 
of stones, as if washed out of the detritus, appeared to show that the 
sea or loch had extended quite through the strait. I observed no 
indication of any stream of water larger than the present small 
rivulet having ever run here. But as the difference in height of 
this line from the upper line in Glen Roy is not great, and the 
erosive action of the river might thus have been limited, I shall not 
mention any other details. 

The next pass is that from Glen Roy to the Spey. Ifa lake ever 
filled the valley of the Roy to the level of the upper line, a great 
river, fully equal to the Roy where it now joins the Spean, must 
have flowed through this pass. In time of floods, when swollen by 
the western rains and melting snows and glacier-ice, it ought to 
have left no uncertain mark of its passage over the watershed and 
down the valley of the Spey ; but I looked in vain for any indica- 
tion of the former presence of such a mighty stream. It has cut 
no notch in the ridge or on the sloping declivity to Loch Spey ; it 
has formed no delta in this lonely tarn. The broad flat strath of 
the Spey shows only the narrow channel through which the present 
streamlet winds its way to the sea. No one who has ever studied 
the effects of running water in such situations could doubt that even 
in a few days or weeks such a river as the present Roy (and the old 
river at least could not have been smaller) would leave a groove in 
the soft alluvial hollow which centuries would fail to obliterate. 
The rapid running stream must have cut a deeper line on the low 
haugh than the mere wave-wash of a shut-in mountain-lake on the 
slope of the hill. Yet the one is distinctly visible for miles round 
and round; of the other there is not the faintest trace. It is a 
physical impossibility that the lake should have left such a deep 
and distinct line, and that the river should have flowed through the 
gorge and down the valley for the same time without leaving any 
mark of its presence. 

On the other hand there are clear indications of the pass having 
once been a sea-strait. The bottom is broad and flat; a notch is 
cut horizontally along the side of the hill where the water once 
stood, and a distinct line of stones left where the water has washed 
away the detritus. In other words, there is an old wave-washed 
beach. Then a curious series of little rounded bare knolls rise up 
in the old channel. From a lateral corry below Loch Spey great 
masses of detritus project into the main valley, but these are spread 
out and levelled down; as if thrown into the sea, not as if heaped 
up in ariver-valley. It is scarcely worth mentioning, ae im- 

x 
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portant in reference to the glacial form of the lake theory, that even 
in the end of August the snow was still lying unmelted in the corries 
to the south; hence any climatal conditions that would produce 
glaciers on Ben Nevis capable of damming up the valleys of the Roy 
and Spean, would have also sufficed to fill this lofty valley with 
an ice barrier. If ice prevented the water flowing west through the 
Spean, it ought also to have prevented its flowing east into the Spey. 

The next point of assumed overflow, when the lake stood on the 
level of the second line, is the col at the top of Glen Glaister. This 
is very nearly on the level of the second line, as is easily seen even 
without instruments. The summit-level is a flat and marshy plain. 
A small stream that comes down to it from the hill on the south- 
west, after winding through it in almost stagnant pools, at length 
flows off to the Spean by the Rough Glen. The declivity here is 
very considerable, and the consequent rapidity and cutting-power 
of a river flowing down it must have been very great; yet no trace 
of such a river appears. ‘There is only the narrow channel of the 
present small rivulet. A little below the watershed it crosses a 
ridge of low rocks; but even there no indication of a larger stream 
is visible. According to the lake theory, the Roy once ran down 
this glen, as it now runs in the bottom of its own glen. We have 
only to compare the deep, well-defined notch or gorge which the 
river has cut for itself from the mouth of Glen Glaister to the 
Spean with the wnbroken outline of its so-called old course, to be 
convinced that no river has ever passed through the Glen-Glaister 
col. It is very remarkable that though there is no evidence of a 
former river, there is evidence of a shore-line on the level, not of 
the second, but of the higher line. A well-marked beach of washed 
stones can be traced along the side of the hill on the east quite 
through the pass. This shows that no barrier, damming up the 
water to the level of the higher line, existed in this place at the 
time when that line was forming. 

It is evident from the distinctness of the lines that the fall of the 
water from the level of one to the level of the next lower, has been 
on the whole sudden. On the lake theory, the fall from the upper, 
Glen-Roy line to the second line was caused by the breaking down 
of the barrier of detritus or ice shutting up the Glen-Glaister col. 
But by removing that barrier, a depth of water of from 80 to 100 feet 
would be set free over the whole surface of the Glen-Roy lake, with 
an extent of ten miles in length by above one mile in width. All 
this enormous mass of water would be emptied out in a few hours, 
or, at most, days. With what rapidity and what results such a mass 
of water would escape may be imagined by any one who has read 
the accounts of the bursting of the far smaller ice-lake in the valley 
of the Dranse. If we wish for instances nearer home, the accounts 
of the bursting of the Bilberry reservoir in 1852, or of that of Dale 
Dike, near Sheffield, in 1864, will show the enormous devastation 
and erosion a far inferior mass of water suddenly let loose can ocea- 
sion. A few sentences must be borrowed from the engineer’s report 
on the latter: —“ Everything solid which stood in the direct course 
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of the flood was swept away; huge rocks were torn up and were 
floated along, just as pine timber would have been floated in an 
ordinary waterway. One of these stones so floated weighs upwards 
of thirty tons, and is in dimensions not unlike one of the largest 
stones at Stonehenge. Hundreds of tons of smaller stones were 
torn up and swept along. Of the first mills encountered by the 
flood, not a vestige remains to show where they stood—the build- 
ings, site, and subsoil (rock and shale) having been scooped out 
and swept away, as also the ground for a considerable distance 
BBOUMG 2 via 8 ! 

If such results followed on the sudden drainage of a small reser- 
voir, can we believe that the water in the upper Glen-Roy lake, to 
a greater depth and covering nearly a hundred times the extent of 
surface, all passed away down a steep and by no means wide valley, 
without leaving behind any trace of its passage ? 

The next point of supposed lake-drainage is the Pass of Maccoul, 
between Loch Laggan and the Spey. This pass is a narrow ravine 
with a flat bottom and a very slight declivity from the watershed 
either to Loch Laggan or the Spey. A river might thus have 
flowed through it without leaving any very deep trace behind. It 
is also much encumbered with peat, which hides and obscures the 
outline of the ground on which it rests. Hence though I observed 
no indications of an old river in this locality, I put less value on the 
negative evidence thus furnished. On the other hand it is curious 
that the river Puttaig, which falls into the pass from the south-west, 
and which would more naturally have flowed on to the Spey, turns 
sharply round and runs to Loch Laggan. Had ariver from the lake 
flowed formerly in the other direction, we should have expected the 
present river to have continued its old course and not to have taken 
the reverse. The present channel, though not deep, is still well 
marked, and shows what we might have expected had a much larger 
river flowed in the other direction. On the other supposition of a 
sea-channel in this place with the western tidal currents setting 
through it, it is easy to see how the débris from this stream should 
be chiefly accumulated to the east, thus compelling the river, when 
the land rose out of the sea, to turn westwards to Loch Laggan. 
The evidence to be derived from the facts seen in this locality there- 
fore appears to me altogether in favour of the marine theory ; but, 
for the reasons mentioned, I do not insist on it. This, however, is 
not necessary. If there is, as I have endeavoured to show, unde- 
niable proof that no lakes ever existed so as to form the higher 
lines, and that these therefore must have been formed by the sea, 
no person will seek to ascribe a lake-origin to the lowest of the series. 

There seems to me no way of meeting the evidence for the ma- 
rine origin of these lines, now adduced, except either to deny that 
rivers flowing in such places and conditions would form such distinct 
and well-marked channels as I have alleged, or to affirm that such 
channels and other marks of their existence would soon be oblite- 
rated by subsequent changes. But, after studying the action of 
running water for years, both in the south and north of Scotland, I 
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have no hesitation in affirming that it would be a physical impos- 
sibility for a river like the Roy to flow over and down such deeli- 
vities and leave no notch behind. I have seen a stream which had 
during a flood changed its course, cut out in a few days a channel 
which centuries would fail to efface. In uncultivated ground such 
inequalities of surface are very slowly obliterated. In such places 1500 
or 1600 years of neglect have done little to efface the old Roman roads 
or camps; the still older British hill-circles and vitrified forts are still 
distinctly marked; and there is no reason to believe these river-beds 
more perishable. The Glen-Roy lines are the best proof how dura- 
ble such markings are in such conditions. In Glen Roy itself there 
is much curious evidence both of the effects of river-action and the 
durability of the marks it leaves. The delta-terraces formed where 
the streams fell into the old bays on the level of the lines, as at the 
entrance to Glen Turrit, were of course immediately cut into by the 
rivers when laid dry by the retiring of the waters. Many of these 
old watercourses, which had been cut out by the Turrit and other 
streams before they finally settled down into their present beds, are 
still easily seen. Some of these are nearly as old as the line they 
accompany, and older than the lower lines—and thus prove that there 
has been no surface-change here sufficient to obliterate the former 
river-channels, had they ever existed. 

I might now leave the question to be decided on the evidence ad- 
duced; but there are a few other facts corroborating the same views 
that may be mentioned. And first, though these lines are in some 
respects unique in character, there are other indications of the 
former presence of the sea in this region. Thus in the valley of 
the Spean there is, as it were, a continuous series of terraces con- 
tinuing the lines at intervals down to the sea-level. Such wide 
terraces, or shingle beaches, are well seen along the Spean from Roy 
Bridge downwards. Another similar terrace is seen at the mouth 
of Loch Treig on the level of the third or lower line. The sea has 
stood here for a long period, as the hills above this sheet of detritus 
are washed very bare, and in some places a well-marked shore-cliff 
has been cut immediately above it. The detritus here, however, 
has not come down Loch Treig, as might at first sight be imagined, 
but from the Corry Laire to the west, and has then been swept 
eastwards by the tidal currents, and even up into Loch Treig, on 
which it abuts with a bold, almost vertical end. In many other 
places in this part of Glen Spean there is similar evidence of a cur- 
rent from the west flowing up the valley. Thus the lower or western 
sides of the knolls and rocks are bare, and the detritus accumulated in 
long mounds or tails behind (that is, above them) to the east. This 
could not have occurred in an inland lake, whee there are no currents, 
but must have taken place in a marine channel open from sea to sea. 

Further, there is a vast amount of evidence of the former pre- 
sence of the sea at various levels between the upper and lower 
Glen-Roy lines in all the surrounding region. This evidence also 
is specially distinct in the valley of the Spey, and thus on the other 
side of the watershed and in the very valleys into which the lakes 



1869. ] NICOL—PARALLEL ROADS. 289 

are said to have drained. This is most remarkably the case in the 
upper valley of the Spey above Laggan. I have already mentioned 
the great terrace-mound at the lower extremity of Loch Spey, and 
nearly on the level of the upper line in Glen Roy, Another very 
distinct terrace is seen near Garviemore, probably not far from the 
level of the second line. This terrace much resembles the one at 
Inverlaire near Loch Treig, but is on a different level. There is 
another similar flat mound near Glen-Shira Lodge, with a line of 
washed stones on the hillside, evidently marking a former beach-line. 

Still lower down the main valley and in that of the Truim, fol- 
lowed by the Highland Railway, similar indications of the former 
presence of the sea are very striking. Kingussie, 762 feet above the 
sea, is about 80 feet under the lowest Glen-Roy line; whilst Dal- 
whinnie Inn, 1182 feet high, is 40 feet above the highest. In the 
space between, marks of horizontal lines and terraces are very con- 
spicuous. Thus at the north end of Loch Ericht, a little below 
Dalwhinnie, and nearly on the level of the upper line, there is 
a great shingle-deposit of round water-worn stones, showing that 
the sea has long stood at this elevation. Singularly enough, this 
old beach forms the watershed between the Spey and Tay in this 
place. Another very strongly marked terrace is seen for miles on 
both sides of the Spey near Kingussie. It is about 820 feet above 
the sea, and thus rather lower than the third Glen-Roy line (about 
30 feet). This difference of level is very small, considering that 
Kingussie is 30 miles from Glen Roy in a direct line, and 15 from 
Loch Laggan, where the lowest line terminates in the Spean valley. 
The breadth of this terrace, the flatness of the surface, broken from 
place to place by deep irregular hollows with pools of water at the 
bottom, and the distinct cliff where it meets the slope of the hill, 
prove that the sea has stood here for a long time. At Loch Gynac, 
a small lake in the valley behind Kingussie, there are three terraces 
quite similar to those in Glen Roy, but far inferior in extent. Two 
of them also, according to some aneroid observations I made, are 
nearly on the level of the second and third, or upper terraces in 
Glen Roy. There are other similar indications of the presence of 
the sea in this vicinity; but I shall only refer to some distinct traces 
of horizontal lines on the declivity of the hill forming the south side 
of the Laggan valley on the Spey. In regard to all these lines and 
terraces in this district, they appeared to me to show that the water 
had retired, or the land risen, by sudden starts, as it were, not by a 
slow, regular, and continuous process. In this they agree with the 
phenomena of Glen Roy, and thus confirm the view now given of 
the origin of its lines. 

The exact coincidence of the lines with certain cols or passes 
between the valleys has to many appeared an almost insuperable 
difficulty in the way of the theory of their marine origin. It has 
been felt as a strong objection to this marine theory, that the 
sea in its descent should pause three or four times, just at the 
level of these three or four openings in the hills. Jt may lessen 
this difficulty if we consider that the currents from the west, 
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flowing through the old channels, would tend to cut them down to 
these levels; whilst the sudden rise of the land would stop the 
further continuation of the process. It is also important to remark 
that at all these points a stream enters the main valley from the 
side, or from a lateral valley, and thus, by the débris it would bring 
down and deposit at its mouth, would tend to fill up the main valley 
to the level of the line. This is very markedly the case with the 
pass of Maccoul and that of Glen Glaister. It may also be noted 
that such coincidences of the lines with hollows between the hills 
are seen in other places. Such is that already mentioned of the 
coincidence of the upper line with the level of Loch Ericht and the 
watershed between the basins of the Spey and the Tay. 

But it must be remembered also that difficulties do not affect only 
this theory. Perhaps the combination of the various conditions 
needed to shut and open the lake-barriers exactly at the right time 
and in the proper order are not more probable. If these lake-bar- 
riers were formed of detritus, its collection and sudden removal is 
no less inexplicable. Ice-barriers may seem more manageable, but 
are subject to no less inexorable conditions of climate and elevation. 
A glacier that would fill the valley of the Spean and Roy with a 
mass of ice 800 or 1000 feet thick, and some miles in extent, would 
require an extent of feeding-ground that is not easily found in this 
region, J have never heard of a lake of such depth shut in by ice 
in any part of the earth at the present time. To form an embank- 
ment for a water reservoir of one-fourth the depth and one-tenth 
the extent of the supposed Glen-Roy lakes, with the best materials 
he can select, is no mean task for an engineer of the present day. 
What would he think of the task were he required to build the 
barrier of a material of less specific gravity than the water to be 
shut in, of a material which that water and the ground on which it 
rests were constantly corroding and wasting away, so that his bar- 
rier had to be incessantly moving forward from behind to compensate 
for what it lost in front? To form a permanent lake with a uniform 
level on such conditions has, I must confess, always appeared to me 
an almost impossible problem, far outweighing any difficulties that 
attach to the marine theory. 
But all such considerations may be laid aside. The chief and 

fatal objection to the lake-theory is that it supposes rivers to have 
Howed in places where there is clear proof that no river has ever 
flowed,—that it assumes a great lake to have been suddenly drained 
by a narrow glen where it is undoubted no stream of water, larger 
or more rapid than the tiny rill°gathered from the sides of the 
neighbouring mountain, has ever existed since the ocean laid down 
the loose soil spread over its smooth unbroken declivities. The 
theory not only fails to explain the phenomena, but is in direct con- 
tradiction to them, and therefore must be rejected. 

Discussion. 

Mr. Gwyn Jerrreys observed that no organic remains appear to 
have been found in these beaches, co as to prove their marine origin, 
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Mr. Evans agreed with the author as to the difficulties presented 
by the Lake theary 4 in accounting for the terraces, especially those 
not in Glen Roy itself, but in the valley of the Spean, He called 
attention to the part which sheep and other animals had played in 
the preservation of the Parallel Roads, the vegetation on which, in 
consequence of their being more frequented by the animals, was of 
a different character from that on the other parts of the slope. 

Mr. H. M. Junxrns objected to the supposition of the sudden 
alteration in the level of the water adopted by the author. He 
thought the gradual sinking of the water was quite compatible with 
the formation of the roads. He instanced the formation of terraces 
in gravel-pits filled with water. © 

Sir H. James announced that the Ordnance survey of the district in 
question was now complete. 

4. On Bens of supposed Rotuiiecenpre AGE, near KNARESBOROUGH, 
fc. By J. Crirron Warp, Esq., F.G.S., of the Geological Survey 
of England and Wales. 

By permission of the Director-General of the Geological Survey I am 
enabled to lay before the Society a brief outline of some observations 
made during the past summer in the course of my professional duties. 

In the neighbourhood of Knaresborough occur certain very well- 
marked and distinctive grits of a red or purplish-red colour; for the 
most part these rocks are coarse, frequently quite conglomeratic ; 
oftentimes, however, they are mere sandstones, while in some places 
they pass into sandy shales. In some localities, as near Plumpton, 
the proportion of red felspar in the grit is very great, while in 
others white specks of decomposed mineral matter are scattered 
profusely through the mass. The quartz-pebbles are very often as 
large as pigeons’ eggs, and form well-marked layers, generally at 
the base of the separate beds of grit. 

The grit in the neighbourhood of Plumpton, near Knar esborough, 
forms most picturesque weathered masses. Between Spofforth and 
Plumpton, on the slope immediately below the magnesian-limestone 
escarpment, stand numerous detached pillars and masses of rock, 
some rising 15 feet above the level of the surrounding ground, 
others but barely protruding, their surfaces presenting all those 
curiosities of atmospheric action, in the shape of perforations, basin- 
holes, honeycombing along the planes of bedding, &c., which, 
although in many cases difficult to explain fully, yet scem still to be 
in process of forming. The soil of the fields in which these detached 
and picturesque rocks rise consists, as one would expect, of the de- 
composed grit, and seems of a very shifting nature. 

On the age of this Plumpton grit I wish now to offer a few 
remarks. By some geologists it has been described as Permian and 
the equivalent of the Rothliegende of the Germans ; by others it has 
been assigned to the millstone-grit series. 

1. Authorities for Permian Age.—Prof. Sedgwick (in his paper 
upon the magnesian-limestone series in vol. ii. of the ‘Trans- 
actions’ of this Society) speaks of these rocks as forming the base of 
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the Permian, and calls them the “‘ Lower Red Sandstone.” At first 
he believed them to belong to the underlying millstone grit, but 
subsequently changed his mind upon this point. The grit (exposed by 
denudation) under the magnesian limestone in Bramham Park he 
also assigns to the Permian, though he has not failed to observe the 
unconformity that exists between these ‘ Lower-Red-Sandstone ” 
beds and the magnesian limestone proper. 

Prof. Phillips (in a paper entitled “Notes on the Geology of 
Harrogate,” Quart. Journ. Geol. Soc. vol. xxi. p. 234) also assigns 
the Plumpton grit to the Permian series, and speaks of it in the 
following words :—“ The rock is often quite undistinguishable from 
millstone grit in hand specimens; even the purple colour (due to 
decomposed ferruginous mica) fails sometimes, ..... As we proceed 
to the south, and reach the Leeds coal-basin, the Permian beds lose 
their similitude to millstone grit; and as we pass to the north and 
encounter the mountain-limestone, so also the; resemblance to mill— 
stone grit is lost, nor is it recovered in Durham or Northumberland, 
nor does it occur in any other part of the kingdom, though quartzose 
pebbles and coarse sand accompany it in many parts.” The grit on 
Bramham Moor, however, Prof. Phillips excludes from the Permians, 
and he also bears witness to the unconformability of the magnesian 
limestone to the so-called *‘ Lower Red Sandstone.”’ 

Sir Roderick Murchison (on p. 349 of ‘ Siluria,’ 3rd ed.) speaks of the 
Plumpton rocks, near Harrogate, being ‘identical with the quartz- 
conglomerates of Germany, whether as regards their ingredients, 
colour, false bedding, or massive stratification.” | 

2. Authorities for Millstone-grit Age.—Mr. Binney (in an article 
in the ‘Geol. Mag.’ for Feb. 1866) inclines strongly to the belief of 
the millstone-grit age of these rocks, both on the ground of their 
apparent conformability to the rocks below them, and of the cha- 
racter of the fossil plants which they contain; while he draws 
attention to the peculiar circumstance of Permian Lower Red Sand- 
tone having millstone-grit characters solely in a neighbourhood 
where it overlies the millstone grit. 

In a paper by the Rey. John Stanley Tute on the “ Geology of the 
Neighbourhood of Ripon,” read before the West-Riding Geological 
and Polytechnic Society, the red grits below the magnesian lime- 
stone are spoken of as being debateable ground; but the author’s 
views are in favour of their belonging to the millstone-grit series, 
into which he says they seem to pass gradually. 

3. Nature of Beds wmmediately underlying the Magnesian Lime- 
stone from east of Leeds northwards.—EKast of Leeds the Coal- 
measures with an easterly strike pass under the unconformable 
magnesian limestone, the coal at one or two spots being worked 
bereath it. At Barwick-in-Elmet, immediately beneath the lime- 
stone, the shales pre micaceous, sandy, and purplish, but these pass 
gradually down into sandy micaceous shales of the Lower Coal- 
measures having their usual colour. Just east of the village the 
little river Cock has cut through the limestone and skown it lying 
unconformably upon a hard Coal-measure sandstone, close-grained 

— 
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and flinty, with its joints lined with carbonate of lime. In no spot 
along the edge of the coal-field immediately east of Leeds have I 
seen or found recorded in mining-sections any trace of a grit under- 
lying the magnesian limestone. 

North and north-west of Barwick-in-Elmet an east and west 
fault throws out the Coal-measures and brings up the millstone grit, 
the upper member of which, the Rough Rock, is a coarse and fre- 
quently crumbling grit, usually of a yellow colour, and traceable 
almost without a break eastwards from Meanwood, north of Leeds, 
to Kidhall Hall on the edge of the magnesian limestone, and again 
seen in a denudation of the limestone at Bramham Park, where it 
was taken to be Permian by Prof. Sedgwick. Following the edge 
of the limestone still further north, the various subdivisions of the 
Third Grit, with an east and west strike, are successively passed over. 
Under outliers of magnesian limestone, just south of the river Wharfe 
and west of Collingham, these grit-beds appear for the first time of 
a reddish colour in places, and have interbedded purplish micaceous 
shales; these coloured beds, however, are altogether inseparable 
from the uncoloured grits, sandstones, and shales occurring further 
from the borders of the limestone, 

The Third-Grit beds across the valley of the Wharfe form a low 
anticlinal, and on the north side their strike soon changes from an 
east and west to a northerly direction as far as Plumpton and 
Knaresborough. The order of succession in the grit-beds near 
Spofforth is the following. Immediately underlying the limestone 
is the red and purple grit of Spofforth, Plumpton, and Knaresborough ; 
its top is not seen, but its thickness probably exceeds 100 feet. 
Below this come some 50 feet or less of such shales as generally 
occur in the millstone-grit series, followed by a sandstone, gritty in 
some parts, and generally of a reddish colour, though not so markedly 
coloured as the last-mentioned grit; this rock, which may average 
some 75 feet in thickness, passes down into sandy and flaggy shales, . 
in many parts having a tendency to be both gritty and of a purplish 
tint; they contain also numerous worm- and molluscan tracks, and 
frequently pass rapidly into beds of hardish stone: a good section of 
these flaggy beds is seen in the railway-cutting about two miles 
north-west of Spofforth station ; their thickness may be about 50 feet. 
Next in descending order is a hard sandstone used for road-material, 
and crowded in some parts with casts of Brachiopods, among the 
most common of which are Orthis reswpinata and Michelini, Stro- 
phomena analoga, Productus, and Spiriferina cristata, determined for 
me by Mr. Etheridge; the thickness of this bed is about 30 feet. 
Sixty feet of shale succeed, in turn underlain by what Prof. Phillips 
has called the “ Follifoot coal-grit,’ for the most part a hard com- 
pact sandstone containing a shale-band and thin coal-seam; whole 
thickness about 50 feet. Then follow some 400 feet of dark shales 
overlying the Kinder or Fourth Grit, which is underlain by the Yore- 
dale series cropping up as an anticlinal at Harrogate. 

The first and second of these beds of grit Prof, Phillips has thought 
to be Permian. 
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This order of succession I had already determined when my atten- 
tion was directed to the paper before mentioned, on the geology 
of the country near Ripon, by the Rev. John Stanley Tute; the 
following is the series further north as drawn out by him :— 

Red grit of Knaresborough, South Stainley, and Scarah, capping 
“most of the hills eastward as far as Pateley, and the lower beds of 
which form the Brimham Rocks.” 

Cayton-Gill beds, consisting of three beds beneath the red grit. 
«The uppermost consists of thin flags full of the remains of Encri- 
nites. ‘The second abounds with the casts of Brachiopoda and 
other organic remains. The lowest is an exceedingly hard and fino 
sandstone, mottled with carbonaceous markings.” 

« Arenaceous flags and coal-measures ; immediately below these 
last beds is a series of shales, flags, and sandstones, of considerable 
thickness, all more or less stained with iron.” 

The succession of the Cayton-Gill beds below the red grit seemed 
to me at once to agree with what I had found near Spofforth; and 
soon after, in company with Mr. Aveline and Mr. Green, I visited 
these beds north of Ripley ; and here we found, as round Spofforth, 
the first and second beds of red grit, followed by the shell-bed, and 
this again by the hard Follifoot grit. I afterwards found precisely 
the same succession just north of Harrogate, the red grit of Knox 
Farm and Killinghall being succeeded by a hard sandstone containing 
Encrinites and Brachiopods, striking east and west, with a northerly 
dip from Four Lane Ends to Saltergate Hill, and having the hard 
white Follifoot grit dipping regularly under it. During a hurried 
visit I paid to the celebrated Brimham Rocks, I found on the flanks 
of the hill below them both the shell-bed and the hard white grit 
cropping out, thus confirming in my mind the conclusion at which 
the Rey. Stanley Tute had arrived as to the crags being formed of the 
lower partsof the Plumpton grit—though here, be it observed, the pe- 
culiar red and purple tint is absent. If, now, we sum up the evidence 
both for and against the Permian age of these red beds, we find— 

Against this age:— 
1. Their similarity in structure to milistone-grit beds proper, and 

their complete dissimilarity to beds of supposed Rothliegende age 
elsewhere in England. 

2. Their occurrence only in a millstone-grit area. 
3. The unconformity of the overlying magnesian limestone to 

these beds. 
4, Their complete conformity to the underlying undoubted mill- 

stone-grit rocks. 
5. Their containing apparently similar plants to the ordinary 

millstone-grit beds. 
6. Their being of a red colour, as is by no means uncommon in 

grits of the millstone-grit series. 

For their Permian age :— 
1. Their likeness to certain German Rothliegende conglomerates. 
2. Their purplish tint in parts—the colour of many shales and 
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sandstones generally supposed to be Permian, occurring along the 
eastern edge of the Yorkshire coal-field immediately below the mag- 
nesian limestone. 

The first of these two points in favour of a Permian age can go 
for little, inasmuch as grits and conglomerates of all ages are likely 
to resemble one another in structure. The second point, however, 
deserves more consideration, and mainly for two reasons :— 

Ist. That the purple tint is unusual among millstone-grit beds 
proper. 

2nd. That this is the tint generally assumed by the so-called 
‘‘ Lower-Red-Sandstone ” beds immediately beneath the magnesian 
limestone. 

Red grits, as stated before, are not unfrequent in the millstone- 
erit series; thus, in a section of a bore-hole made on Bradford Moor, 
the rough rock is termed ‘‘ Red Sandstone,” and in another case 
“Old Red Sandstone ;”? while in several parts of the Yorkshire 
millstone-grit area between the Lancashire and Yorkshire coal-fields, 
various members of the grit have in places a red colour. The pur- 
ple tint, however, is rarely, if ever, met with in large masses. In 
one spot only, far removed from the limestone, have I ever observed 
it; this was in a shaly band occurring among Third-Grit sandstones, 
three miles north of Leeds, and five west of the limestone escarp- 
ment, on the turnpike road between High Moor Allerton and Hill 
Top, the nearest limestone outlier being distant three miles. 

On the other hand, the purple colour of the Plumpton grit is by 
no means constant; thus a little north-east of Spofforth, on the road 
to North Deighton, the magnesian limestone in Newsome-Bridge 
Quarry is seen lying upon a very uneven surface of whitish grit with 
no trace of red or purple coloration; while but one-eighth of a mile 
distant, in St. Helen’s Quarry, the grit is coarse and purple, and has 
lying upon its denuded surface a bed of red marl, at the thickest 
part five feet, and overlapped towards either end of the quarry by 
yellow limestone; the marl contains in one part a thin layer of ap- 
parently redeposited grit. I would here also observe that the lower 
part of the limestone, wherever it rests on grit, is apt very frequently 
to contain fragments of the latter or scattered quartz-pebbles. 

As the result of my observations in general, I should infer that 
the frequent red and especially purple colour of beds immediately 
underlying the magnesian limestone is due in some way or other to 
the limestone covering, and its former extension further to the west. 
The coloration, I should presume, is chiefly due to the peroxidation 
of iron ; and this, it seems to me, may take place in two ways—either 
by the action of carbonated water from the limestone above filtering 
through porous grits and sandstones, and converting the protoxides 
contained in them into sesquioxides, or by iron being brought from 
the overlying limestone, in the form of hydrate and carbonate, and 
redeposited in the rocks below. 

Prof. Sedgwick says, in the same article before quoted, that 
‘hydrate of iron appears to form the colouring-matter of many of 
the yellow beds of limestone, also of many of the beds of marl and 
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sandstone,” that “red oxide of iron, less generally diffused than 
the preceding, forms the greater part of the colouring-matter of the 
lower gypseous marls, also of many of the red beds in other parts 
of the series,” that black oxide exists “‘in the form of black spots 
generally stellated and of dendritic impressions, rarely forms the 
colouring-matter of considerable masses,” and that iron-pyrites is 
rare, but “ probably exists in a state of minute subdivision in some 
earthy beds which are liable to efloresce.” Probably the coloration 
of the underlying beds is due to both the peroxidation of iron already 
existing in the sandstones and shales, and to the introduction from 
above of colouring-matter, the former cause being very likely the 
most potent. 

The non-colouring of the underlying beds in places is probably 
due to several reasons :—I1st. Changes in mineral composition of the 
rocks to be coloured: thus some grits contain much red felspar, others 
but little; some sandstones and shales contain more mica and more 
iron oxides diffused through them than others. 2nd. Changes in 
the composition of the overlying limestone. 8rd. Differences in the 
porosity of the underlying rocks, some withstanding the infiltration 
of the carbonated water more than others. 

With regard to this third point, one would naturally expect, as is 
the case, that permeable grits would be coloured to a greater thick- 
ness than impermeable shales; while such a rock as the calliard, 
mentioned as occurring near Barwick-in-Elmet, being so flinty and 
close-grained, might resist the percolation altogether; and accord- 
ingly it is found to be quite uncoloured, although its joints are lined 
with carbonate of lime. The upper parts of the coloured shales 
would likewise become marly by reason of the calcareous matter 
deposited within them. 

T have thus been led to conclude that along the base of the mag- 
nesian limestone from Garforth, east of Leeds, to Knaresborough, 
striking across partly coal-measures and partly millstone-grit, there 
is no such thing as “ Lower Red Sandstone” or ‘“ Rothliegende,” 
but that any red or purple shales, sandstones, or grits occurring along 
this line are simply coal-measure or millstone-grit beds, as the case 
may be, which have been coloured through the agency of the over- 
lying limestone. 

Mr. Aveline has mentioned to me that the Coniston grits as they 
approach the carboniferous-limestone councry of Ulverstone, where 
hematite isso abundant, are stained red, such a colour being nowhere 
else seen along their line of strike—but that in other parts, where the 
limestone, free from iron-ore, is not far removed from the grits, no co- 
Joration is observable. ‘The clay-slates, however, do not exhibit any 
coloration when approaching the limestone hematite districts; this 
may be because they are less permeable. Again, Mr. Aveline tells 
me that the Silurians beneath the Old Red Sandstone near Kendal 
are also stained red. 

Whether the red marls and sandstones beneath the magnesian 
limestone, all along the eastern edge of the Yorkshire coal-field, will 
turn out to be but coloured coal-measure beds, I leave others to 
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prove; and I trust that Mr. Green, to whose valuable suggestions 
and help I am much indebted, will shortly be able more fully to cor- 
roborate and extend my present views on this subject. 

oe 

May 26, 1869. 

E. Story, Esq., M.A., F.L.S., 3 King Edward Terrace, Liverpool 
Road, Islington, N.; F. W. Harmer, Esq., of Heigham Grove, 
Norwich, and Henry J. Fotherby, M.D. Lond., M.R.C.S., Vice- 
President of the Hunterian Society, 40 Trinity Square, Tower Hill, 
E., were elected Fellows of the Society. 

The following communications were read :— 

1. Notes on the Groxoey of the Carz-Yorxk Pentysuna, AUSTRALIA. 
By AtexanpER Rarrray, M.D. (Kdin.), Surgeon, R.N. 

(Communicated by the President.) 

Prrxars no country in the world, Papua and the South Polar con- 
tinent excepted, possesses a greater extent of unexplored territory 
than Australia. So much of its interior and of its northern or tro- 
pical portion (about one-fifth, or 60,000 square miles, according to 
Neumayer) is still a terra imcognita, and so much of its natural 
history remains enveloped in mystery, that the following remarks 
with regard to one of its last-settled but still least-known parts may 
not be altogether devoid of interest. 

Altogether apart from the attention long fixed on limited portions 
of this vast land, on account of its extensive and valuable mineral 
resources and the gold, copper, and coal found in its eastern and 
southern colonies, much curiosity of a more strictly scientific nature 
centres in it as a whole. And geologists are desirous of knowing 
the special and distinctive characteristics both of the settled districts 
and of the unoccupied and little or altogether unknown parts, in 
order to determine their relation to those of the adjacent islands 
of Tasmania, New Zealand, New Caledonia, and the Indian Archi- 
pelago (especially Papua, so close at hand), all known to possess a 
totally distinct fauna and flora, and of ascertaining whether these 
resemble or differ from those of other and perhaps better-known 
portions of the globe, especially their Antipodes in Europe, and par- 
ticularly Great Britain, necessarily the chief standard of compa- 
rison to which English observers turn. Every item necessarily fur- 
thers this object; and hence these notes, which form an expansion 
of a paper read before the Philosophical (now Royal) Society of 
New South Wales in September 1865. 

Australia has been called a land of anomalies; and its physical 
aspect fully corroborates the assertion. For, unlike other surfaces, 
whether insular or continental, instead of having a more or less 
median mountain-axis flanked by less lofty land, the ridge is here 
circumferential and closely borders the coast, so as to enclose an ex- 
tensive, comparatively level, basin-like interior. Thus the low, and 
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not the high land is central, as usually occurs. This well-marked 
margin is most developed along the west and east coasts, where the 
hills form a lofty continuous chain. The former runs at a distance 
of from 200 to 300 miles and upwards from the coast, and sometimes 
attains an altitude of more than 4000 feet above the sea-level. Its 
fellow, longer, loftier, and so pronounced as to form a well-marked 
back-bone to Eastern Australia, stretches from Cape Howe to Cape 
York, lying from 10 to 20 or 50 miles inland, and culminating in 
the Bellenden-Ker hiils (5158 ft.) at the base of the Cape-York penin- 
sula, but thence onward gradually decreasing in height, till close 
to Torres Strait they are seldom more than 300 feet above the sea- 
level. 

The Cape-York peninsula now alluded to, triangular in shape, is 
about 300 miles wide at its base, with a length thence northward to 
Cape York of more than 400 miles. Its mountain-range, a continua- 
tion of that further south, runs up along its eastern border, decreasing 
in height part passu with the diminishing area of the land. On 
its east coast and within five miles of Cape York lies Albany island 
(see Map), three miles long, on an average half a mile broad, 
and separated from- the mainland by the Albany Pass, a narrow — 
gorge from 7 to 14 fathoms deep, and from half to three-quarters of 
a mile broad, through which the tide rushes with great force either 
way. Historically interesting from the fact that it was once the in- 
tended site of Somerset, but wisely abandoned, on the recommen- 
dation of the present Hydographer to the Admiralty, for a more 
eligible bay on the mainland opposite, Albany island is geologically 
interesting from the circumstance that it forms the principal centre 
from which we now take our survey of this part of Australia. 

The range which thus forms a marked feature in the physical 
geography of the Cape-York peninsula, consists, as it does further 
south, of an axis of volcanic rock of varying constitution, but 
chiefly granite, porphyry, gneiss, felspar, and quartz. Thus the 
vicinity of Port Denison, Cape Melville, and the coast about Cape 
Direction, and Weymouth and Fair Capes are granitic, and the 
pointed end ef the peninsula porphyritic, while some of the off- 
lying islands, outliers, so to speak, of the main range, likewise differ : 
e.g. Dunk Island, the Family group, Lizard Island, the Forbes and 
Hardy Islands are all granitic, the Franklands gneissic, and 
Sunday Island flesh-coloured compact felspar. The islands of Torres 
Strait may be regarded as an interrupted portion of this range, 
which is doubtless continued into New Guinea. Of these, Turtle- 
back, Mount-Ernest, Poll, Banks, Burke, Mount-Adolphus, and the 
Farewell Islands are all granitic. Towards Cape York this igneous 
axis has undergone less elevation; still the underlying crystalline 
rock occasionally appears above the surface as intruded masses of 
porphyry, surrounded and overlain by more recent formations. For 
example, at the north end of Albany Island it forms a large boss; 
at Osnaburg, Bishop, Ida, and Evans Points, and at Cape York we find 
it in bluffs and promontories ; and at Ida, York, and Eborac Islands 
&c., in more elevated masses or isolated hills which culminate in 

a 
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Mount Bremer (409 ft., see Map). In all, the porphyry presents 
nearly the same lithological characters, and consists of a matrix of 
felspar enclosing numerous crystals of yellowish quartz. Near Cape 
York it is laminated. 

Resting on the eastern and western flanks of this igneous axis are 
thick and extensive strata of sandstone, doubtless continuous, like 

Fig. 1.—Greological Map of Cape York. 
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the former, with that found further south in New South Wales and 
Queensland, and prolonged, with interruptions, onward to Cape 
Bathurst, where it forms a bold cliff-overhanging the sea, as well as 
the main mass of the adjacent Flinders group. Here, however, it 
becomes lost, to reappear, it is alleged, in Papua, resting on the 
flanks of the igneous axis of that island, itself a continuation of 
that of Eastern Australia across the intervening strait which is only 
90 miles wide. The nature of this sedimentary rock has long been 
disputed, the Rev. W. B. Clarke and his followers maintaining that 
it is Carboniferous (Paleozoic), while Professor M°Coy and his adhe- 
rents believe it to be more recent and Oolitic (Secondary). 

As yet no auriferous quartz or gold-bearing “gullies” or “ creeks” 
have been found in or near the mountain-axis of the Cape-York 
peninsula, like those of the richly productive regions in Victoria, 
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New South Wales, and Northern Queensland, nor copper-mines like 
those of Burra-Burra and the Peak Downs, nor in its sandstones 
valuable and extensive coal-beds like those of the Illawarra and 
Hunter-River districts. But no reason is apparent why all these, 
and perhaps other minerals, should not exist in this part of the range 
as in its continuation further south. Coal has been found as far 
north as Port Denison (lat. 20° S.), and gold and copper at the Peak 
Downs (lat. 23° 8.), the former 200 and the latter 350 miles from the 
base of the peninsula, and they may extend well on towards Cape 
York. We must remember that this by no means insignificant por- 
tion of Australia has been very imperfectly explored, and, what is per- 
haps of greater moment as far as useful discoveries go, is very thinly 
peopled. True, Kennedy in 1848 advanced along the coast to the 
eastward of the main range nearly as far as Cape York, which goal 
the Jardines actually reached in December 1864, by traversing the 
more passable region to the west of the range ; while Leichardt (1845) 
and A. Gregory made. a slight détour into the western part of its 
broad base, on their westward way ; but these explorers, for various 
reasons, had little time or opportunity for prospecting. The exist- 
ence of mineral treasures is most frequently discovered by private 
enterprise, and often by the unscientific though practical hands of 
settlers. As yet, however, only a trivial part of the south-west 
region is occupied, and that scantily ; while one rudimentary town- 
ship of sixteen persons exists near Cape York. Thus neither the 
north nor the south is capable of furnishing men or money to in- 
vestigate the extensive intermediate district, the barren character 
and treacherous natives of which are obstacles sufficient to deter all 
but the most resolute and well provided from attempts of this na- 
ture, and from engaging in labour the results of which are neces- 
sarily very uncertain. 

The surface rock in the neighbourhood of Cape York, including 
Albany island and the vicinity of Somerset, consists of ironstone 
varying from a comparatively light friable clay-carbonate to a 
heavier dense ferruginous conglomerate, usually vesicular, honey- 
combed and channelled on its exposed surface from weathering. 
Its density and hardness differ with the varying proportion of iron. 
Sometimes it is nodular, very hard, highly metalliferous and mag- 
netic. Under atmospheric and other physical agencies these nodules 
separate from the clayey matrix, and lie scattered plentifully over 
the surface in the form of rounded or oval pebbles, and small 
boulders haying a dark metallic lustre. On the other hand the soil 
which is the principal result of this disintegration is fine-grained, 
dirty-red, and sometimes unmodified, but oftener mixed with coarse 
quartzose sand and vegetable mould, but in all cases scanty and poor. 
This circumstance, conjoined with the protracted droughts of the 
dry S.E. monsoon, lasting from eight to ten months, materially 
influences the character of the vegetation, which is stunted and un- 
dergrown, and seldom possesses the luxuriance we might expect 
within 103° of the physical and 8° of the thermal equator, except 
along the banks of the Polo, Mew, and similar paltry streams and 



1869. ] RATTRAY—CAPE-YORK PENINSULA. 301 

creeks of the neighbourhood, where the soil is more alluvial and the 
vegetation more tropical. But even there it contrasts strongly with 
its vigour and abundance further south, where the soil is formed of 
the detritus of primary, metamorphic and sandstone rocks and shales, 
the water-supply more copious, and both the physical geography, geo- 
logy, and climate more favourable for growth. The diminutive ants 
which abound here appear to prefer this ferruginous soil, which 
they convert into a hard sun-dried clay, to construct their peculiar 
pinnacled ant-hills, often 12 to 15 feet high, which form a conspicuous 
feature on the hillsides and landscapes of the vicinity of Somerset. 
It would be interesting to know whether or not this formation also 
extends, like the two former, across Torres Strait into New Guinea. 
Certainly a considerable patch of the southern part of that island 
immediately opposite Cape York, is a blank in our most trust- 
worthy geological maps, which may yet be filled up by the for- 
mations now named. The overland expedition of the Jardines has 
proved that this rock is found as far south, on the west side of the 
mountain-range, as the Mitchell River; and it probably extends 
westward to the Gulf of Carpentaria, while on the east side of the 
range it certainly exists as faras Weymouth Bay. According to the 
Rev. W. B. Clarke, of Sydney, this rock “is post-tertiary, as it 
contains no gold; otherwise it most highly resembles the common 
ironstone in the auriferous rocks of New South Wales.” A careful 
assay of an average specimen made for me by his instigation at the 
Royal Mint of Sydney, in March 1865, showed that the ore con- 
tained 39-69 per cent. of iron, but neither gold nor silver. Though 
capable of yielding a fair per-centage of metal, the absence of coal 
in the vicinity, the high price of labour, great distance, and cost of 
carriage of the former to and of the smelted iron from the settlement, 
will, however, long and perhaps always render this ore practically 
unavailable. 

Lying between the volcanic rock beneath and the superimposed 
Posttertiary ironstone, we find a more local and limited deposit in 
the form of a coarse quartzose sandstone, having a wavy stratifica- 
tion, and composed of attrited fragments of quartz varying from 
ordinary sand particles to the size of a hazel-nut, imbedded in a light 
clayey matrix, very friable and unfit for building when weathered. 
Of this, several of the bold cliffs of Albany island and the opposite 
mainland consist; and these are so directly opposed, while the bluffs 
and bays on either side would dovetail so accurately if brought to- 
gether, that we may fairly conjecture that they were once continuous, 
before the production of the huge cleft which now forms the Albany 
pass, or the upheaval of the crystalline rock beneath, which was 
doubtless the cause of this. A similar quartzose sandstone was also 
found by the Jardines at various places along their route, and there 
as here in connexion with ironstone. It would be interesting to 
know whether a like formation exists in the adjacent part of New 
Guinea. No fossils have yet been detected in this rock. At the 
north end of Albany island, where a boss of porphyry protrudes 
and displaces the overlying sandstone and ironstone, fine examples 

¥2 
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of chertified clay-ironstone and quartzite may be seen at their point 
of contact. , 

M<Coy alleges the existence of cretaceous rocks about the upper 
part of the Flinders, not far from the western part of the base of 
the peninsula, which is interesting in connexion with their possible 
presence on the same side of the eastern backbone at its southern 
end near Melbourne and the great Australian bight, and also in 
Western Australia, doubtless in relation to that coast-range. No 
grooving or scratching of rocks, boulder-deposts, or other evidence 
of glacial action has anywhere been observed along this north-east 
coast, or at the pointed northern extremity of the Cape-York penin- 
sula. 

Thus Eastern Australia has its Posttertiary as well as its Ter- 
tiary, Secondary, Paleozoic, and Azoic formations, in addition to the 
ordinary igneous basis on which they rest; and their presence tends 
to confirm the opinion expressed by the Rev. W. B. Clarke as to the 
parallelism and agreement (with a few exceptions, which perhaps 
future discovery will remove) between these systems of the Austra- 
lasian province (in which he includes Australia proper, with the 
islands of Tasmania to the southward, New Zealand to the south- 
east, New Caledonia to the east, and Papua to the northward) and 
those of its antipodes, and to show that it is highly probable that 
the same geological formations exist here as in Europe, and that the 
same great laws were concerned in developing them. Little more 
can be done than to make dubious conjectures as to the geology of 
Papua; for even its coast remains unexplored, and our knowledge, if 
it may be so ealled, is merely subjective and based chiefly on evidence 
derived from stray facts and comparison of its physical features with 
those of other, and particularly neighbouring, islands. 

Though a non-volcanic country, with one trivial exception (Mount 
Wingen, in the Liverpool range, 120 miles north from Sydney), 
Australia is occasionally subject to earthquake-shocks or earthwaves, 
doubtless propagated from neighbouring true volcanic centres, e. g. 
New Zealand to the south-east and New Caledonia and the islands 
of the Indian Archipelago to the east and north, and sometimes 
perhaps from more distant regions. A slight shock was evident at 
Cape York in March, 1865, and a stronger one during December, 1866. 
Equally interesting is the evidence that the north-east, if not the 
whole of the east coast of Australia, is slowly rising, to be found in 
the gradual shoaling of the channel between Hinchinbrook Island and 
the mainland (lat. 183° 8.), which is due, to all appearance, neither to 
silting up nor to the growth of coral—in the presence of water-worn 
caves in the sandstone cliffs of Albany island and those of the main- 
-land opposite, now well above high-water mark—and in the existence 
along many parts of the coast, especially towards the northern end 
of the peninsula, of extensive tracts of level country now covered with 
sand -dunes bearing a scanty vegetation stretching inland and on either 
side to the base of lofty hills now ten, fifteen, or twenty miles off, 
but which had once closely bordered the sea, the whole looking as if 
they had once been under water. Corroborative evidence of this will 
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probably be found in the shoaling of the inner barrier-reef route and 
the numerous openings through it, as well as the reef itself, which 
will one day be out of water, like Raine and other islands, when the 
region is resurveyed many years hence. 

The great barrier-reef of Australia is evidently formed by the 
growth of coral on the summit of a lengthy submarine hilly ridge, 
which runs at a distance of from fifty miles, at its southern extremity, 
midway down the east coast (lat. 22°S.), to ten miles, near Cape 
York, leaving a long shallow valley between it and the mainland, 
now converted into the navigable passage named the inner barrier- 
reef route, the depth of which varies only from 10 to 50 fathoms; 
whereas the outer aspect of the reef shelves steeply like a wall, no 
bottom being found only a short distance off at 100 to 250 fathoms, 
where the clear and dark-green waters and long ocean-swell form a 
marked contrast to the light green of the tranquil but turbid inner 
passage. The reef may be said to consist of the reef proper and 
islands. The former, which constitutes the main mass of this lengthy 
coral tract, consists of a series of broad flat irregular more or less 
rounded or oval ledges of coral in full activity, covering the tops 
of the submarine hills, occasionally dry but usually close to the 
surface at low water, and sometimes many miles long, their position 
at high water being marked by a line of surf or the light green hue 
of the shallow water over them. On the other hand the islands 
are of three different kinds, viz. igneous, coral islands, and sand- 
banks. 

ist. Occasionally the higher peaks of this barrier ridge project 
well out of the water, as in the Forbes, Hardy, Cockburn, Murray, 
and other islands, which are in a line with and really form part of 
the range—and Sunday, Lizard, Eagle, the Franklands, Dunk, 
and others, which lie between it and the coast. Round these pro- 
jecting masses of crystalline rock we find the usual fringing reef 
of coral, of species identical with those growing on the summits of 
the ridge which forms the barrier proper. But on their sides we 
find no evidence of coral growth, proving that though they must 
have, at least, once been submerged, like the adjacent continent, this 
must have been when no coral grew in the Australian seas. 

2nd. Here and there, however, we meet with islands of another 
class, of which Raine, Cairncross, the Howick group, &c. may be 
taken as types, a few of which, like the first named, form part of 
the reef, but the majority, like the last of the three, are met with in 
clusters, between it and the mainland. Raine island, taken as an ex- 
ample, which possesses its own special and active fringing reef, is low, 
flat, about one-third of a mile long and a quarter of a mile broad; it 
rises about 10 feet above high water, and consists of hard compact brec- 
ciated coral conglomerate, with a shelving beach of coarse coralline and 
shelly sand, and a scanty superstratum composed of the coral débris 
sparingly mixed with vegetable matter, and a thin layer of guano de- 
posited by the numerous turtle and flocks of terns, gannets, and other 
aquatic birds that, like the former, make this their headquarters 
and favourite breeding-place. The whole constitutes a soil capable 
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of supporting a scanty vegetation of weeds, coarse grass and creepers, 
but sometimes, as at Cairncross, the Howicks, Pipers, and many 
others, a dense scrub and well-grown Mangroves, Casuarine, Pan- 
dani, Pisoni, and other trees common along this coast. Of this 
organic rock the beacon on Raine Island was built eighteen or nine- 
teen years ago; and the durability of the material is shown by the 
fact that the structure has hitherto undergone no decay from wea- 
thering. It doubtless tops some crystalline formation on which 
it has been slowly reared. Still it is evident that, though now per- 
manently out of, it must have been formed well under water, and 
have reached the surface at low water with the zoophytes which 
built it in full activity, when the greater part of the long reef now 
in full activity at the sea-level at ebb, and of which it forms only a 
fractional part, was still many feet below. And now, when the 
latter has reached close to the surface at low water, the former pro- 
jects 20 feet into the air; but denuded by weathering of its soft and 
brittle exterior, with its dense solid interior laid bare, and its living 
many-hued branching madrepores replaced by less gaudy forms of 
vegetable life. 

3rd. Between the active coral-reef still under water; and the 
extinct ones now well raised above it, like Raine Island, we meet 
with many intermediate forms, occasionally as islets, which consist 
of a sand-bank just showing above the surface, and either still un- 
clad with vegetation or having a few sprouts of mangrove, the har- 
diest of trees, and usually the first to find a footing in the coarse 
coral débris, little capable, to all appearance, of sustaining life of any 
sort; while others show greater elevation, and both a more exten- 
sive and better-clad area. In short, we find islands of this class in 
many different stages of upward progress, sometimes forming part of 
the reef, but more usually lying between it and the mainland, when 
they occasionally interfere materially with the navigation of the inner 
passage from being difficult to detect in the bright glare of the 
sun until the vessel is too close to them to be consistent with her 
safety. 

Besides the above, other indications of the gradual rising of this 
coast may not improbably be found on a more careful survey of the 
land than could be afforded during the rapid passages of H.M.S. 
‘Salamander’ up and down, when landing was effected only occa- 
sionally and for periods too brief to be of much avail for geological 
purposes. The elevation of Eastern Australia is going on very 
slowly, because the forces which are at least connected in some way 
with, if they do not actually induce it, are not in the island itself, 
but distant, and centred either in New Zealand, New Caledonia, 
the Indian archipelago, or the still more remote volcanic districts of 
the South Pacific. These facts, taken in connexion with the recent 
discovery by Bickmore, an American geologist, that the eastern coast 
of Asia, and especially China and Japan, is also rising, and doubt- 
less more rapidly, like the opposite coast of South America, while 
the bed of the South Pacific is slowly subsiding, cannot fail to 
be interesting to scientific men, whether or not they accept Pré- 
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vost’s and Dana’s theory in explanation, viz. that it is due to the 
greater contraction of the earth’s crust beneath the ocean, which 
causes it to sink, while the land on either side becomes elevated by 
lateral pressure, and by both processes necessarily drained. 

2. On the Formation of the Cuxsit Banx, Dorset. By H. W. 
Bristow, Esq., F.R.S., F.G.S., and Wa. Wurtaxer, Esq., B.A., 

[This paper has been withdrawn by the permission of the Council. } 

e On a Ratsep Beacu at Portiand Brix, Dorset. By W. 
Wuirtaker, Esq., B.A., F.G.S. 

[This paper has been withdrawn by the permission of the Council. ] 

4, On the Occurrence of TEREBRATULA DIPHYA in the ALps of the CANTON 
pE Vaup. By E. Tawney, Hsq., F.G.S., Assoc. R. Sch. Mines. 
With a Note by Tuomas Davinson, Esq., F.R.S., F.G.S. 

In answer to certain statements of Prof. Hébert as to the probability 
of the non-occurrence of Terebratula diphya in the Jurassic Series 
(Bulletin Soc. Géol. de France, vol. xxiii. p. 530, 1866), it may be 
well to put on record the following discovery of this species in strata 
in the Alps of the Canton de Vaud, which belong indubitably to the 
Oxfordian series. This is, I believe, the first time that this species 
has been found in Jurassic beds in the Canton. 

In the summer of 1867, when exploring the geology of the valley 
of the Sarine, near Chateau d’Ocx (Canton de Vaud), I came upon 
this fossil in a block of Oxfordian limestone, among the “ éboulis” 
around the chalets of Paray Charbon : these blocks, which are nearly 
all Oxfordian, have fallen from the ridge of the Vanil Noir. This 
range, from Mont Cray to Dent de Branleire, which forms here the 
boundary between the Cantons de Vaud and Fribourg, is formed by an 
arch of Bajocian (Inf. Ool.) dark grey limestones and shales, sur- 
mounted by the Oxfordian series at the N.K. end (Dent de Branleire, 
&c.) ; but the vault rises higher where the chain becomes lower, so 
that at the 8.W. end the Oxfordian is thrown off only at the sides, 
and is quite cut away from the top, the summit of Mont Cray being 
Bajocian. 

As our locality is about the middle of the range, the Oxfordian 
is seen at some height in the precipices above the chalet. 

The Bajocian, which contains Zoophycos scoparius (Heer) abun- 
_ dantly here, and Amm. Humphriesianus, consists of dark-coloured 
limestones and shales, and is in strong contrast to the blocks of Ox- 
fordian limestone which lie upon it; the latter here is a limestone 
of lithographic texture and conchoidal fracture. It could not be 
mistaken for the Neocomian, being thicker-bedded and full of 
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irregular branching chert concretions, which sufficiently distinguish 
it, and, what is more important, the Neocomian does not occur 
within several miles. It is almost unnecessary to add that the blocks 
are not transported ; they are all Bajocian or Oxfordian, and lie 
immediately under the escarpments from which they are derived. 

The accompanying fossils are not numerous; I only found Belem- 
mites hastatus and other Belemnites. 
We have thus a clear case of the occurrence of this remarkable 

form of Brachiopod in the Oxfordian limestones of the Alps. 
I have wished to record this, because the high authority of Prof. 

Hébert has been lent to the view* that Ter. diphya of the Ox- 
fordian is the same species as Ter. diphyoides of the Neocomian, 
and, further, that those authors are mistaken ¢ who have cited Ter. 
diphya from Oxfordian beds in France. It is against the latter 
reasoning that we may here protest. I in no way wish to throw 
doubt on Prof. Hébert’s criticisms on M. Lory’s work on the beds at 
Porte-de-France (Grenoble), a profound paleontological one, and 
particularly useful among the Neocomian and Oxfordian beds, 
which in the Alps so often not only simulate each other lithologi- 
cally, but whose fossils, in a fragmentary condition, are sometimes 
hard to distinguish. 

But, as he himself admits, in counting all the beds with Ter. diphya 
at the Porte-de-France as Neocomian, he leaves unexplained the 
presence of Aptychus lamellosus and A. levis (Oxfordian species) 
and the breccia with Corallian fossils. But at any rate it is not 
shown, because Ter. diphya does not occur in the Oxfordian at 
Grenoble, that it does not occur in that formation elsewhere. 

I may remark that my specimen of Ter. diphya differs consider- 
ably from specimens of Ter. dyphyoides which I have found in the 
Neocomian of Meruet (Mont Argentine, Vaud), and from speci- 
mens in the Museum of Lausanne from Chatel St. Denis (Vaud) ; 
but without a series of specimens it would ‘be impossible to assert 
that they are distinct species. Prof. Hébert has not apparently 
had Oxfordian specimens to compare with the Neocomian ones, 
as he does not admit that in France Ter. diphya could have been 
found in Oxfordian beds + with Oxfordian Ammonites, 

May we not in this case revert to the opinions of the author of 
the Paléontologie Francaise (especially as Prof. Hébert’s arguments 
almost seem to exclude one another), and hold that different species 
are found in the Jurassic and Cretaceous periods. 

At all events we have shown that Ter. diphya does occur in the 
Jurassic period. 

Note by Mr. Davipson. 

In connexion with Mr, E. Tawney’s interesting communication, 
I would mention that I have recently had occasion to converse with 

* Vide Archives des Sciences Naturelles, p. 303, Aug. 1866. Geneva. 
+ Bull. Soc. Géol. de France, ser. ii. vol. xxiii. p. 529. 
t Ibid. vol. xxiii. p. 581. 
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MM. Coquand, Hébert, Pictet, de Verneuil, E. Renevier, and 
others, as to the real or supposed age of the rock which, at the Porte- 
de-France, contains the Terebratula viator (diphya), Pictet. I may 
also observe that, with the exception of MM. Hébert and Lory, the 
geologists above named seem to consider the deposit in question re- 
ferable either to the Jurassic period or, rather, to the stage termed 
Tithonian, which some geologists consider to be intermediate in 
age between the Neocomian and Jurassic, while M. Hébert still 
correlates it with the lowest stage of the Neocomian, his “ calcaire a 
Ammonites macilentus.” The difference in opinion seems, however, 
to be gradually disappearing, and I believe that the limestone of the 
Porte-de-France will finally be left where M. Hébert has placed 
i. 

When at Geneva (on the 16th of February), M. Pictet showed me 
his interesting series of Diphyoid Terebratule, assembled from various 
localities, and at the same time pointed out the differences, with 
which I was already acquainted, and which appeared to — to dis- 
tinguish the Cretaceous from the Jurassic (?) form. 

Thus, in the shell from the Porte-de-France (Ter. viator, Pictet) 
there exists in the larger or ventral valve a regularly subpa- 
rallel fold, commencing at the extremity of the truncated beak 
and extending to the central portion of the anterior frontal margin, 
and that whether the deviating lateral halves of the valves remain 
permanently apart, or become again conjoined in front so as to leave 
a circular hole in the middle of the shell. In the cretaceous T. 
diphyoides, on the contrary, the same fold has a longitudinal or con- 
cave depression along its middle. In the smaller or dorsal valve 
there exists in 7’. viator a depression or concave sinus, commencing 
at the umbonal beak and extending to the frontal margin, while in 
T. diphyoides the same sinus has along its middle a narrow rounded 
elevation. There are also several other minor differences, though I 
must confess that, apart from these peculiarities, there exists a strong 
resemblance between 7’. viator and 7. diphyordes ;. consequently it 
is necessary, in order to be able to discriminate between the two 
species, to attend to the differences above specified. In his ela- 
borate memoir on the “ Térébratules du groupe de la 7’. diphya, 
1867 »’ M. Pictet furnishes us with a numerous series of figures 
in which all the principal modifications in form are faithfully re- - 
presented. 

_ In 18380 Link proposed to distinguish the Diphyoid shells by the 
generic denomination of Pygope, which view was. afterwards advo- 
cated by Prof. King +; but all the paleontologists who have subse- 
quently written on the subject have preferred leaving these shells in 
the genus Terebratula. I had likewise, in 1848, informed Prof. 
King that the loop in 7. diphyoides (and no doubt in 7. diphya 
and viator) was short, and much resembling in shape and character 
what we find in J. vitrea, T. carnea, etc. And since the interior 

* See “Notes on Continental Geology” in the April, May, June, and July 
numbers of the Geological Magazine for 1869. 

+ A monograph of the Permian Fossils of Great Britain. 
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was unknown to M. Pictet at the time he published his work, I 
here append the drawings I made in 1848 from specimens formerly 
in the possession of the late M. Bouchard, which had been sent to 
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him by M. Malbos, from the compact limestone of Berrias (Ardeéche). 
I never could-see the necessity of burdening nomenclature by the 
adoption of a distinct generic denomination for these shells ; and we 
should not be zoologically warranted in supposing that because the 
mantle or lateral portions of the valves have been more or less pro- 
longed, we have therefore valid grounds for the creation of a new 
genus, any more than we are warranted in separating Orthis biloba, 

' Linn., from the Genus Orthis because the lateral portions of the 
valves are more or less prolonged in a similar manner to what we 
find in the deviating lobes of the valves in certain specimens of 7’. 
diphyoides, T. viator, etc. 

It is very interesting to know that Mr. E. Tawney has discovered 
a Diphyoid Terebratula in a block of ‘“‘Oxfordian age” in the Canton 
de Vaud, and it is most probable that the shell is referable to 7. 
viator ; but in that case it would be very necessary that the true age 
of the block in question should be accurately determined, so as to 
feel certain that it also might not pertain to the age of the limestone 
of the Porte-de-France. Nor must it be forgotten that M. Alphonse 
Favre found a similar specimen at Voisons, near Geneva, which is 
described and figured in Pictet’s work above named. In Switzer- 
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land we also meet with the true 7. diphyoides in rocks of Cretaceous 
age; a description and figures of it will be found in W. A. Ooster’s 
‘Synopsis des Brachiopodes des Alpes Suisses,’ p. 19, pl. v. figs. 1-4, 
1863. I have seen the specimen of 7. viator, which M. Coquand 
assures me he found in Africa in rocks of Jurassic age(?), and 
likewise others obtained by MM. de Verneuil and Favre in Spain. 
The Diphyiod shells were at one time considered to be rare fossils ; 
but within the last few years they have been discovered in many 
localities, although never hitherto in Great Britain. 

Discussion. 

Mr. J. W. Jupp thought that the break usually existing between 
the Neocomian and Jurassic beds indicated a long interval of time, 
and that certain deposits in the Carpathians and elsewhere had been 
rightly referred to this intermediate period. Possibly, therefore, 
the Diphyoid Terebratule, commencing in the Jurassic, lived on 
through the Tithonian into the Neocomian period. 

5. On a new LaByRintHopont from BRADFORD. 
By T. H. Huxtey, LL.D. F.R.S., President of the Geological Society. 

(Puate XT.) 

THE specimen which Mr. Miall has been so good as to send for my 
examination is without doubt a Labyrinthodont Amphibian. This is 
proved by the character of the vertebra, of the ribs, and of the 
ventral armour. But the state of the fossil is such that it is not 
easy to discover points in which it can be strictly compared with 
those forms of Labyrinthodonts which are already known. 

For example, nothing remains of the skull but some fragments 
of the upper and lower jaws. ‘The piece of bone which represents 
the right upper jaw is 7 inches long, and has, like a fragment 
of the left upper jaw which hes below it, a pitted sculpture. <A part 
of the right ramus of the mandible, with its symphysial end entire, 
is about 6 inches long, and about half an inch deep at the sym- 
physis. Both upper and lower jaws bear close-set, even-sized 
teeth, nearly circular in section and somewhat recurved at their 
apices, which are rather obtusely pointed. Parallel longitudinal 
folds are indicated upon the basal halves of some of these teeth, the 
largest of which is not more than 0°5 in. long, by 0°15 in. thick at 
the base (Pl. XI. fig. 1). An impression of a conical acutely 
pointed tooth, much larger than any of these (seeing that it must 
have had a length of nearly an inch when it was entire), is seen 
upon the matrix, 2 inches below the ramus of the mandible. 

These features of the fossil prove sufficiently that it is not Anthra- 
cosaurus, but leave open the question of its identity with other Coal- 
measure Labyrinthodonts, and especially with Pholidogaster, the only 
fragments of the teeth which are preserved, in the latter genus, being 
not unlike those of the present specimen. 

Impressions of some four or five and twenty vertebre are dis- 
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cernible upon the slab of shale from Bradford. In all, only the 
centra are discernible, without any indication of arches or processes. 
The centra are discoidal, concave on each face, and incline to be 
somewhat polygonal in contour. They singularly resemble the ver- 
tebre of Anthracosaurus, and, like them, remind one strongly of 
Ichthyosaurus. The concave face of the largest is 1:4 in. in diameter. 
In no case can the antero-posterior dimension be made out with ac- 
curacy; but it seems not to have exceeded one-third or one- 
fourth of the transverse diameter. A detached vertebra which, I 
am informed by Mr. Miall, undoubtedly belongs to the fossil, pre- 
sents a centrum which is quite similar to those scattered about on the 
slab, together with well-developed articular processes (6, figs. 6 & 7) 
and remains of transverse processes (a, figs. 6 & 7). The vertebra 
is much broken, and may have undergone some slight distortion ; but 
its proportions cannot have been very different from those displayed 
in figs. 6 & 7, and these are very different from those of the vertebree 
of Pholidogaster. 

The ribs are strong and curved; the largest measures not less 
than 7 inches along the chord of its arc, while its shaft is 0-3 in. thick. 
The shortest rib is about 3 inches long, and tapers to a point at its 
distalend. The proximal ends of the ribs are expanded and divided 
into two articular facets. No such strong ribs as these are visible 
in the only known specimen of Pholdogaster ; but they are very like 
the ribs of Anthracosaurus. ( 

The ventral armour of the Bradford fossil consists of scutes (figs. 
2, 3, 4, 5), the largest of which are about 2 inches in long diameter, 
and half an inch across. One end of each scute is rather narrower 
than the other, and the outer surface of each is traversed obliquely 
by a convex ridge, which passes from the small to the large end 
of the plate, and thus divides it into two unequal facets. The facets 
are occasionally rugose, but are not sculptured; the convex ridge 
dividing them is smooth. The plates seem to have overlapped one 
another in such a way as to expose little more than the surface of 
the oblique ridges; but the precise manner of their arrangement 
is nowhere shown with clearness in the specimen. 

What appear to be remains of the thoracic plates and of the 
shoulder-girdle are visible, but there are no certain traces of limbs. 

I cannot identify this interesting fossil with any generic form at 
present known. It resembles Pholidogaster more than any genus 
with which I am acquainted ; but it differs therefrom altogether in the 
form of its vertebral centra, and in the details of its ventral armour. 

On the whole, I think it will be best to recognize it as a new 
generic and specific form, for which I propose the name of Pholider- 
peton scutigerum. 

Note on the Locarrry of the Fossix above described. 
By Lovis C. Mratt, Esq. 

[ Abridged. ] 

Fragments of the fossil above described were found last summer in 
the roof of the Black-Bed or Royd’s Coal, at Toftshaw, near Bradford. 
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Much difficulty was experienced in extricating the remains unin- 
jured, for the coal beneath had yet to be worked. The greater 
portion was ultimately removed in a fair state of preservation, 
owing to the persevering attention of William Firth, a miner 
whose zeal was stimulated by some knowledge of geology and in 
particular of coal fossils. 

The shale which forms the roof of the Black-Bed Coal has long 
been known to collectors as a repository of interesting and well- 
preserved fish-remains. 

The Black-Bed Coal is in the middle division of the Yorkshire 
Coal-field, lying about 40 yards above the Better-Bed Coal, and 
separated by about 220 yards from the Halifax Coals, which are 
the lowest workable seams. The exact horizon of important fossils 
is, perhaps, worth noting, though within the Coal-measures no true 
vertical limits of species are known to exist. 

Judging from a cursory survey of several public and private col- 
lections, I am inclined to think that the remains of various in- 
teresting Carboniferous Batrachians are still unrecognized as such, 
and taken by their possessors for parts of fishes. When we are in 
a position to make a correct estimate, it will probably be found 
that the Batrachia of the Coal-measures are not only specifically 
numerous but individually abundant. 

EXPLANATION OF PLATE XI. 

(All the figures are of the natural size.) 

Fig. 1. Part of the upper jaw with teeth of Pholiderpeton scutigerum. 
Figs. 2, 3, 4, 5. Scutes from various parts of the body. 
Fig. 6. Front view, and Fig. 7, side view, of a detached vertebra: a, remains of 

the transverse process; 0, the prezygapophyses; ¢, the posterior face 
of the centrum, the inferior moiety of which is broken away. 

Discussion. 

Mr. Satrer observed that, of both plants and mollusks, it ap- 
peared to him that there were some which were eminently charac- 
teristic of different horizons in the Coal-measures, and which were 
to be traced over large areas. It was possible that the same might 
prove to be true with regard to vertebrate animals. 

Dr. Duncan called attention to the conditions of life necessary for 
such an animal, which could not have been in accordance with the 
commonly received views of the character of the Carboniferous period. 

6. On the Upper Jaw of Mrcatosaurus. By T. H. Huxtey, LL.D., 
F.R,S., President of the Geological Society. 

(Puate XII.) 

As all who have paid attention to the Dinosauria are aware, our 
knowledge of the structure of the skull in these extinct reptiles is _ 
very defective. This is particularly true of Megalosaurus, of which, 
up to the present time, only a portion of the lower jaw has been 
known. I am therefore very glad to be enabled, by the kindness of 
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Mr. Abbay, the possessor of the magnificent left upper jaw of Mega- 
losaurus now exhibited, to make a definite addition to our means of 
reconstructing that monstrous Saurian. 

The jaw (Plate XII.) is 17°75 inchesin length. At its anterior end 
it measures 4°3 inches in a direction perpendicular to its length. For 
about an inch and a half from the anterior edge (a), which is entire and 
shows the natural face of this part of the bone, the upper, or nasal, 
margin is nearly parallel with the lower, or alveolar, margin; but further 
back the bone was evidently produced into a great ascending process 
(6), which divided the nasal from the orbital region. The base of 
this process is fully four and a half inches long. Its anterior margin 
slopes rapidly backwards and upwards, and seems to have been nearly 
straight ; while the posterior margin is concave backwards and pre- 
sents a natural edge, which formed the front boundary of the orbit. 
The distance in a vertical line from the alveolar margin to the broken 
upper extremity of the ascending process is 6°75 inches. Behind the 
ascending process, the vertical diameter of the jaw diminishes, until, 
at 10 inches from its anterior end, its vertical diameter does not ex- 
ceed 2:6in. Behind this point the jaw seems to diminish to a mere 
bar of bone, not an inch deep at its posterior extremity. But the 
impression on the lower part of the matrix which occupies the 
cavity of the orbit shows that the natural edge of the jaw in this 
region has been somewhat broken away, and that, if it were entire, 
the depth of the jaw, at 12 inches from the anterior end, would be 
2-1 inches, instead of only 1-7 inch as it appears to be. At this 
place, namely 12 inches from the anterior end, the jaw is transversely 
fractured; and though the slender prolongation adjusts quite accu- 
rately to the broken surface and evidently fitted on, it has, as evi- 
dently, lost a good deal along its upper or orbital margin. 

Again, the general character of the slender posterior termination 
of the jaw (c¢) is such that one would be inclined to think it could 
not have been directly connected with any other bone; but the part 
is so much injured that it is not safe to draw any very positive con- 
clusions about the matter. The jaw is traversed by a vertical frac- 
ture 2-4 inches from its anterior end. The fracture passes from the 
alveolar margin to the nasal margin at the commencement of the 
ascending process. I was at first disposed to think that the fracture 
coincided with a suture between the premaxilla and the maxilla; but 
closer examination does not confirm this supposition, the fracture 
appearing to be altogether artificial. Hence it would appear either 
that the preemaxilla and maxilla were so completely ankylosed that 
all trace of their primitive separation is lost, or that the preemaxilla 
has become detached from the maxilla, or that the jaw is simply the 
premaxilla—a possibility which must not be lost sight of in view of 
the resemblances between Dinosauria and Birds. 

The teeth which remain in their places in the jaw, and are visible 
from the outer side, are sixinnumber. Five of these, the first, second, 
third, fourth, and fifth, appear to be completely in place; the third is 
emerging. On the inner face of the jaw the crown of a sixth tooth, in 
course of development, lies on the inner side of the base of the fifth. 
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The first tooth is laid bare by the breaking away of the substance 
of the jaw through its whole length. It measures 6:4 inches in 
length, 2°6 inches of this length being occupied by the crown, the 
rest by the fang of the tooth. The fang is an inch wide where it 
passes beyond the alveolar margin of the jaw. It is nearly straight 
and seems to have been slightly compressed from side to side. The 
crown is laterally compressed, slightly curved, and tapers to a point. 
Its anterior longitudinal contour is convex; the posterior is con- 
cave, and formed by a ridge with a serrated free margin. I observed 
traces of the former contour of a large tooth in the middle of the 
wide interval between the first and the second tooth. 

The second tooth is the biggest of all, and projects for nearly three 
inches beyond the alveolar margin of the jaw. Of this three inches, 
2-7 inches is occupied by the enamelled, pointed, and laterally com- 
pressed crown, which is much more curved than that of the first 
tooth. Where the fang passes under the alveolar margin it is 1-2 in. 
wide. The circumference of the fang at this point has an ovate 
contour, the front curve being much flatter than the hinder. The 
same general character is preserved in the crown for 1:7 inch below 
the commencement of the enamel; but between this and the apex, 
the middle line of the anterior face of the crown is raised into a sharp 
serrated ridge, similar to that which occupies the whole extent of the 
middle line of the posterior face of the crown, and even, as in the 
first tooth, extends upwards on the fang, a little beyond the line of 
the rest of the enamel, before it comes toanend. The crowns of the 
third and sixth teeth resemble that of the second; those of the fourth 
and fifth teeth are broken. ‘The three hinder teeth gradually dimi- 
nish in size, their extra-alveolar lengths and greatest diameter being 
respectively 
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The teeth are quite free from the jaw, being merely applied against 
the outer wall of the alveolar groove, which extends very far beyond 
the inner; so that the alveolar groove is relatively very short and 
can only lodge the teeth in the earliest stage of their development. 

Note.—The skull of a young Dinosaurian reptile, either identical 
with or very closely allied to Jguanodon Mantellc, has been dis- 
covered by the Rev. W. Fox in the Wealden formation of the Isle of 
Wight, at Cowleage Chine, and was exhibited, on his behalf, at the 
Norwich Meeting of the British Association by Mr. Fellows. On 
that occasion | made some remarks in Section C upon the characters 
presented by this very interesting specimen; and as Mr. Fox has 
kindly permitted me to have the fossil for examination, I propose to - 
submit a detailed account of it to the Society on a future occasion. 
For the present I content myself with observing that the form of the 
snout is totally different from that exhibited by Megalosaurus. The 
premaxilla is produced into a prolongation which seems to have 
been edentulous, though sharp and conical teeth project from the 
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hinder half of the alveolar margin of the bone. Each premaxilla 
sends two processes upwards and backwards, one in front of, and one 
behind, the nasal aperture, to meet the large nasal bone. 

Discussion. 

Mr. Boyp Dawxins made some remarks as to the stratigraphical 
range of Megalosaurus. The oldest example with which he was 
acquainted was a tooth from the Lias of Lyme. It occurred also 
in the Lower Oolite of Dorset. Higher up it was found in the 
Kimmeridge Clay, and again in the Tilgate Beds of the Wealden. He 
had, however, himself found it in the Wadhurst Clay, above the 
Ashdown Sands, near Battle. He had also seen remains in still 
higher beds, possibly of Lower-Greensand age, at Potton; but in this 
case the bones were probably derivative. An animal with almost 
identical teeth, the Teratosaurus suevicus of Von Meyer, occurred in 
the Lower Keuper, and possibly might belong to the same generic form. 

The Prestpent agreed that the Dinosaurians had occurred in the 
Trias, and that he was quite prepared for an extension of the family 
into earlier beds. 

JUNE 9, 1869. 

William Shelford, Esq., Memb. Inst. C.E., 7 Westminster Cham- 
bers, Victoria Street, S.W.; HE. Teschemacher, Esq., 1 Highbury 
Park, N.; George Ludovic Houstoun, Esq., of Johnstone Castle, 
Renfrewshire ; and T. P. Barkas, Esq., Newcastle-upon-Tyne, were 
elected Fellows of the Society. 

The following communications were read :— 

1. Notes on the SurHERLanpd Gorp-FIELD. By the Rev. J. M. Joass. 
With an Introduction by Sir RopvEricx I. Murcuison, Bart., 
K-C.5., ERS: V-2-G.S. 

[Puare XIII. 

INTRODUCTION. 

Tue district of Sutherland in which gold has been recently disco- 
vered and worked, in certain waterworn materials and gravelly de- 
tritus which cover the crystalline Lower Silurian rocks in several 
depressions at and near Kildonnan in Sutherland, is the eastern ex- 
tremity of a region which I have personally explored at intervals 
for the last forty-three years. It was, however, only in the year 
1858 that I fully satisfied myself as to the relative ages and order of 
superposition and character of all the various rock-formations which 
occur between the western and eastern coasts of Sutherland and Ross. 
It was then that for the first time I was enabled to show distinctly an 
ascending order from the fundamental gneiss or Laurentian rocks of 
the northern highlands, through great masses of sandstone and con- 
glomerate of Cambrian age, upwards through overlying quartz-rocks 
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and limestones, which, thanks to the fossil discoveries of my friend 
Mr. C. Peach, were proved to be of Lower-Silurian age. It was 
also shown that these Lower Silurian rocks, in their extension east- 
wards and dipping slightly to the east south-east, became more and 
more crystalline as they trended in that direction, and that when 
perforated by bosses of eruptive rocks, chiefly granite, they rolled 
over in undulations in a highly metamorphosed condition, until they 
were surmounted unconformably by the Old Red Sandstone and 
younger deposits of the eastern coast. 

In order to be able to reason upon the probable sources of the gold 
detritus which occurs in the gullies (valleys) of such hard crystalline 
rocks of Hastern Sutherland, it is necessary to recur to those trans- 
verse sections from W. to E. which I laid before this Society in 1858, 
together with a geological sketch map * of the Highlands, in both of 
which the true general order was first explained. 

In referring to these, a chief point which is to be borne in mind is 
the peculiarity of the outline of the mountainous region of Sutherland 
and Ross, presenting a steep and rapid escarpment, down which the 
waters cascade to the western shore, whilst they flow along a gentle 
slope for many miles 1o the eastern shore. Thus the parting of the 
waters in this region lies within four or five miles, and sometimes 
less, from the western sea-shore, whilst it is from seventy to eighty 
miles from the eastern shore, in which long descent the waters 
flow over the metamorphosed Lower Silurian rocks, with occasional 
bosses of granitic and other intrusive rocks. Now, however trans- 
ported (probably by floods carrying great masses of ice, caused by 
the melting of former glaciers—a view which, in a more extended 
sense, has recently been applied by Mr. John Campbell, of Islayr, 
who has examined the localities), it is evident that all the disinte- 
grated materials of the great mass of the western and central High- 
land rocks must have been transported eastwards. I am,indeed, led to 
suggest that the gold débris found in the environs of Kil-Donnan and 
Helmsdale are the result of the abrasion of extensive masses of the gra- 
nitic and metamorphic Lower Silurian rocks which, occupying wild 
interior tracts, extend eastwards to the district under consideration, 
where their broken materials have been lodged in the depressions of 
Eastern Sutherland. Reasoning in this way, and looking to the 
general character of the rocks between the west and east coast, I am 
led to think that certain valleys on the long eastern slope of Ross- 
shire which accompany the line of Loch Shin and the river Oikel 
may also be found to be slightly auriferous. It is here also to be 
noted that the gold-bearing detritus of Sutherland occurs in a district 
which exhibits in its environs the most striking evidence of granitic 
eruption and of highly metamorphosed rocks. 

Thus on the Helmsdale shore we have the grand mountain-mass 
of granite known as the Ord of Caithness, and on the north of 

* See Quart. Journ. Geol. Soc. vol. xv., Section, p. 360, and Map, pl. xii.; 
also vol. xvi. p. 215. 

t See ‘‘Something from the Gold-diggings in Sutherland,” by the author ot 
‘ Frost and Fire,’ from ‘ Odds and Ends,’ No. 22. 
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Kil-Donnan itself there stands out a wall of hard, whitish, brittle 
quartz-rock, which forms the Scarabin Hills*. These, which I have 
visited at intervals, suggested to me the idea that they were the re- 
sult of intense metamorphism of Lower Silurian rocks. 
When I first heard of the Sutherland discovery, in January last, I 

wrote to my friend Mr. Joass, urging him to examine the tract ; 
for I knew that he combined the powers of a good geological observer 
with those of a skilful artist, and also that, through his residence 
at Golspie in the neighbourhood, he would be enabled to give us a 
better account of the real nature of the deposit than any casual 
visitor. I then found that he had already anticipated my wishes to 
a great extent; and since then, being encouraged by the Duke of 
Sutherland, the liberal-minded proprietor of the grounds, and His 
Grace’s chief agent, Mr. G. Loch, M.P., he has greatly extended his 
acquaintance with the localities. As, fortunately, he has now come 
to London to tell us his own tale, I have no doubt that my associates 
will derive a very clear view of all the relations of these auriferous 
deposits—the more so as the map and sections which he has prepared 
are worthy of all commendation, and fully explain the detailed and 
complicated relations of the different rock-masses, with which I was 
unacquainted. 

A note or two embodying my opinion as to the sources from 
which the Sutherland gold-detritus has been derived may not be 
out of place. Seeing, as above explained, that the transport of the 
great mass of the auriferous materials in question has in all proba- 
bility been from W.N.W. to E.S.E., we have now to consider the 
composition of the successive rock-formations which present them- 
selves as the observer proceeds from the west to the east coast, in 
order to form an opinion as to which of the parent rocks may most 
probably have furnished the gold-detritus. 

1. The Laurentian or fundamental gneiss may be excluded from 
our consideration, not only from its composition and the absence in 
it of anything like auriferous quartz-veins, but also because it forms 
for the most part low buttresses only’on the west coast, and scarcely 
anywhere rises to the height of the mountain watershed. 

2. The Cambrian rocks—are also excluded from our reasoning, for 
they are simply hard sandstones, grits, and conglomerates, which, 
clearly exposed in mountain-masses, never exhibit any metalliferous 
veins, and scarcely ever show any signs of metamorphism. They are 
entirely discordant to the Laurentian gneiss on which they rest, and 
are unconformably surmounted by the lowest Silurian rocks of the 
Highlands. 

3. These lowest Silurian rocks, chiefly hard granular quartzite, 
which rise into lofty mountains, and contain intercalated masses of 
fossiliferous limestone, are all so thoroughly exposed in precipitous 
or highly inclined escarpments, that if they contained any auriferous 
veins the same must have been detected. 

4, The next overlying group, consisting of chloritic micaceous 
flags and schists, which, as they dip away to the E.8.E., become 

* In Gaelic, Sceirea Beinn. 



1869. | JOASS—SUTHERLAND GOLD-FIELD. 317 

more and more gneissic in character, and, perforated as they are 
at intervals by granitic and porphyritic rocks, have, in all proba- 
bility, afforded the auriferous detritus of Eastern Sutherland. These 
rocks, which formerly were not separated from the old or funda- 
mental gneiss, though they have the true Silurian strike from 8. W. 
to N.E. (which is rectangular to the strike of the Laurentian rocks), 
are in parts intensely metamorphosed, whether it be in the high 
plateau south and west of Tounge, or where they roll over until 
they reach the eastern slopes of Sutherland and Ross, having in 
both localities been powerfully affected by eruptive rocks. Judging, 
then, from the composition of these various rocks, and particularly 
those described by Mr. Joass, we need not travel further westward 
from these eastern slopes than to the great central plateau to look 
for the origin of the gold-detritus; and when we examine the ma- 
trices of the auriferous fragments we find that this inference is sus- 
tained by their composition. 

Finally, I am led to infer, from my acquaintance with the rock- 
formations of the North Highlands, that there is little chance of 
discovering in them any notable bodies of rock zn situ charged with 
rich auriferous bands analogous to those which are associated with 
the Lower-Silurian slates and schists of Australia and California. 

Notes on the SuTHERLAND Gotp-Fi=etp. By the Rev. J. M. Joass. 

Ir is proposed to arrange the following remarks as under :— 

. The extent of the gold-field as at present ascertained. 
. The general character of the prevailing rocks. 
. The associated rocks. | 
. Detailed descriptions referring to map and sections. 
. Probable source of the gold. 
. General remarks. OOP Owe 

1. The extent of country over which gold has been ascertained to 
occur in the south-east of Sutherland and contiguous portion of 
Caithness may be stated as measuring 30 miles from east to west, 
and about 20 from north to south. This is exclusive of several 
widely detached places in the north-west and south-west of the 
county, where small quantities of gold are credibly reported to have 
been found. A few points in the north of Caithness, and Unst, in 
Shetland, are held to be auriferous. 

2. The prevailing rocks of the district are believed, on the autho- 
rity of Sir R. I. Murchison, to belong to the Lower-Silurian series. 
This may be regarded as settled by his masterly analysis of the 
evidence for the intimate connexion of these rocks with large de- 
posits on the north-west, which from their included fossils are ad- 
mitted to belong to that system. Within the district referred to, 
these rocks occur as flaggy micaceous, gneissose, and quartzose 
strata, with a south-easterly dip. With a few local exceptions this 
dip is unaffected by the presence of numerous igneous rocks, whose 

Foie, 



318 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [June 9, 

courses conform to the strike of the sedimentary strata, which are 
all more or less metamorphosed. 

3. Resting upon the upturned and denuded edges of these Lower 
Silurians occurs the Old Red Sandstone, forming a bold line of mam- 
millated cliffs along the southern sea board, as at Cambusmore and 
Craig-an-airgiod, and stretching into the interior in detached moun- 
tain-masses, as at Beinn Uarie and the Beinn-a-ghriams in Suther- 
land, Mor-bheinn, the Smians and Maiden-pap in Caithness, and 
Suidhe-’n-fhir-bhig on the county march. These Old-Red-Sand- 
stone conglomerates underlie brownish gritty beds, passing upwards 
at Dornoch into thick-bedded, light-coloured sandstone, where the 
occurrence of Holoptychian scales and fucoid plants suggests their 
belonging to the upper part of the middle zone of the series as sub- 
divided by Sir R. Murchison. 

Along the coast, from Golspie to the Ord of Caithness, rocks of 
Liassic and Oolitic age occur, chiefly as low skerries or reefs, much 
flexed, and with a general northerly dip, but conforming occasionally 
in their curves to the present contour of the coast, as they dip at 
high angles off its headlands or border its bays. At Clyne these rocks 
pass from the Lias of Dunrobin, with its Hippopodium ponderosum 
and other characteristic fossils, into thick-bedded siliceous sandstones 
of Oolitic age, some of whose very numerous fossil forms are believed 
to be nearly allied to those of the Greensand. Here glacial strize 
from N.W. to 8.E. are beautifully preserved on the highly indurated 
and almost cherty sandstone. Below this occurs the lignite known 
and once worked as the Brora coal, while to the eastward, as at 
Kintradwell and Culgower, Plesiosaurus has recently been found, 
together with a new species of the genus Gyrodus, now named by 
Sir Philip De M. G. Egerton Gyrodus Gowerv. 

The associated igneous rocks are a large-grained porphyritic gra- 
nite (a) ranging along the coast from near Allt-choille on the south 
to the burn of Ousdale on the N.E., a distance of about 15 miles, 
with a breadth of 3 miles at Kil-Pheadar on the river Ullie or 
Helmsdale. This rock forms the mountain-mass of the Ord of 
Caithness, at which point, and at Culgower, it has been found to 
contain a considerable quantity of purple fluorspar. True granites 
and syenites, with bosses of hornblendic rock and greenstone, occur 
towards the west in Strathfleet, a variety most abundant in the 
auriferous district being a red small-grained granite (6), generally 
associated with beds more or less micaceous, to the strike of which 
its main courses conform; while it occasionally sends out across 
the strata, as if into transverse fissures, short dykes from which 
small veins insert themselves between the micaceous beds as along 
lines of least resistance (fig. 1). In the most richly auriferous 
localities, certain granitoid rocks, chiefly felspathic (c), are so inti- 
mately connected by interlamination with the flaggy quartzose 
strata, that they almost appear to be the result of metamorphic action 
upon true sedimentary rocks of the quartzose series, or contempo- 
raneous effusions of plutonic rock.. This granitiform rock appears, 
at least in one instance, to traverse, across the strike, decomposed 
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gneissose strata (fig. 2). In a paper “On the Metamorphic 
Rocks of the Banffshire coast, the Scarabins, and a portion of 

Fig. 1.—Section showing Granite in Mica-schist at Kil-Donnan Lodge. 
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1. Decomposed gneissose rocks, dipping S.S.W. and E.S.E. 
2. Granitoid rock (c). 

East Sutherland,” read before the Geological Society in May 1862, 
Prof. Harkness says :—‘‘ The correspondence of the strike of the plu- 
tonic masses with that of the metamorphic rocks has been noticed 
in connexton with these several rocks in Banffshire. In Sutherland 
it is even more apparent, and supports the inference that here plu- 
tonic masses do not perform the office of axes. Their mode of 
occurrence rather tends to the conclusion that the sedimentary rocks 
were elevated, flexured, and contorted previous to the period when 
the granites made their appearance in the sedimentary rocks, and 
that the granites have conformed in their course to the strike of the 
previously elevated strata. There are here abundant features which 
would support the conclusion that granite is, in this district, rather 
the result of an excessive amount of metamorphic action than a plu- 
tonic rock as regards its origin.” I venture to think that the 
coarse-grained porphyritic granite of the Ord (a) should perhaps be 
regarded as truly plutonic and associated with upheaval, from its 
coincidence in strike with a great line of fault which traverses Scot- 
land from N.E. to S.W. along the great Caledonian valley. 

It is true, indeed, that instead of dipping away from this supposed 
plutonic and upheaving mass the strata to the N.W. dip towards it, 
becoming almost vertical as they approach the line of contact. This, 
however, might be accounted for on the supposition that the up- 
heaved and disrupted rocks, already dipping towards the intrusive 
mass, would, until it hardened and could support them, dip still 
more decidedly in the same direction as the result of their weight ; 
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while at the opposite point of contact on the S.E. the existing dip 
might remain comparatively unaffected. The upheaval along this 
line of fault, with which the porphyritic rock (a) is believed to be 
contemporaneous, probably took place prior to the deposition of the 
Old Red Sandstone, which, overlying the Lower Silurian rocks un- 
conformably, dips generally seawards in accommodation to what would 
seem to have been a previously elevated coast-line. Throughout the 
auriferous district the red granite (b) appears to answer the descrip- 
tion given by Prof. Harkness—an intrusive rock “conforming in 
its course to the strike of the previously elevated strata.” The 
binary compound of felspar and quartz referred to as granitoid (c), 
and apparently associated with the richest auriferous drifts, seems 
in many instances to suggest a metamorphosed Lower Silurian rock 
whose particles, yielding to such agencies as heat and electricity, 
were melted and mineralized in situ. It does not appear to me 
altogether inconsistent with this opinion that the rock in question, 
which is as thinly bedded as the flaggy sedimentary strata, and alter- 
nates with these, whether they be gneissose, quartzose, or micaceous, 
should occur as a short transverse dyke, as it seems to do at Suisgill 
(fig. 2). If we suppose that fissures caused by local upheaval 
might have been contemporaneous with an exhibition of metamor- 
phic action, these fissures would be filled by a molten rock, whether 
its materials were supplied on the spot or intruded from beneath. 
If, however, it can be shown that rocks are never melted by the 
agencies which conduce to metamorphism, then both 6 and ¢ seem to 

Fig. 3.—Gramte and Trap in Mica-schist, above Crask Bridge, and 
near Kil-Donnan Lodge. 

1. Micaceous Schist, dipping N.E. 2. Granite (6). 3. Trap Dyke. 

be as truly plutonic and intrusive as the trap-dyke at Crask Bridge 
on the Ullie (fig. 3). 

4, Referring to the accompanying map of the auriferous district, 
(Plate XIII.) I beg to offer a few detailed descriptions, beginning on 
the 8.W. at 

Strathbrora. 

The Uisge-dubh, or Blackwater, runs nearly across the strike of 
highly inclined flaggy quartzites and micaceous schists, whose dip 
ranges from 8. to E. At the waterfall, below Ceann-an-tuir, gra- 
nite (6) appears among beds of micaceous schist which have been 
dislocated by a fault. Parallel courses of this rock recur at short 
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intervals up stream, alternating with softer gneissose rocks and 
’ micaceous schists, with an occasional thin bed of white felspathic 

rock, c. Here gold is found in small scales by washing the over- 
lying drift, which consists of a dark blue clay, containing rolled frag- 
ments of red granite and quartz, and is overlain by yellowish clays, 
gravel, and sand, all apparently arranged by running water. The 
lower part of this stream runs through shingle, and finally between 
steep banks of black alluvium, till it enters Loch Brora. Falling 
into this loch from the north-east, Allt-Smeorail, or the Gordon-bush 
burn, emerges near the road from a deep ravine, where the rocks are 
well displayed. These dip E. and 8.H. at a high angle, and consist 
of flagey quartzites and micaceous beds, with associated granitiform 
rocks, red and pink, among which are 6 and ¢, and a few quartz-veins. 
The granites never flex the neighbouring strata; the quartz-veins 
occasionally do. The gritty drift, or gold-wash, is here overlain by 
reddish-clay and sand, derived apparently from the detritus of 
Beinn-Smeorail, a conglomerate mountain capping unconformably 
flagey quartzose and gneissose beds. Old-town and Clais-mor burns, 
both tributaries of the Brora from the east, run through red boulder- 
clay and ‘over Old Red Sandstone, which is the underlying rock, to 
the junction with the Clyne Oolite. No gold was found in either of 
these two streams. 

The Coast. 

A very small quantity of gold was found at the head of the Clyne- 
Millton burn to the eastward, where flaggy quartzites occur. Kin- ~ 
tradwell burn runs in a deep ravine cut through yellowish boulder- 
clay. The channel is almost covered by boulders of granite and 
sandstone ; but a small section of a rock i situ shows flaggy gneiss 
dipping E.8.K. Allt-Choille is a deep and rugged ravine, the lower 
part of which is cut through boulder-clay and soft oolitic sandstone. 
Near the bridge the rocks are highly indurated and quartzose, con- 
taining carbonate of iron in thin seams and drusy cavities.’ No gold 
has been found either in Kintradwell or Allt-Choille. 

Glen Loth. 

The Loth-beg Water runs its lower course over a red porphyritic 
granite, resembling that of the Ord. In Sletdale burn, a tributary 
from the west, a few flaggy gneissose rocks are seen above the bridge 
dipping E.8.E. The course of this stream, in its upper reaches, is 
over gravel and through peat moss, concealing the junction which 
here takes place between the Lower Silurian and Old Red Sandstone. 

On the shoulder of the hill which bounds the opening of Glen 
Loth to the east, large-grained porphyritic granite crops out, in 
many places highly ferruginous. ‘This rock is believed to persist 
to the Ord of Caithness, as it is visible at intervals along the hill- 
side, and forms the bed of the Culgower burn and the mountains 
that overhang the opening of Strath Ullie or the Helmsdale valley. 

Pursuing the course of the Glen-Loth stream upwards, the rocks, 
where visible in the escarpments of the lofty mountains to the left, 
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are Old-Red-Sandstone conglomerate. Striated boulders of brown 
sandstone of great size lie scattered about the lower slopes; and at - 
Kilaornan burn these brownish grits and argillaceous flags oceur in 
situ, and form the material of the neighbouring Pictish tower. The 
next stream northward is Craggie burn. Here the flaggy gneissose 
rocks reappear, dipping E.S.E. at a high angle, associated with thin 
seams of the quartzo-felspathic rock c. No gold has been found in 
Loth-beg Water, nor in the Kilaornan burn; but Craggie burn has 
proved auriferous. 

Strath Ullie. 

In the bed of the Ullie or Helmsdale, above the Crask bridge, 
and near Kil-Donnan Lodge, flaggy micaceous and gneissose beds 
are traversed by granite b, which is itself intersected by a dyke of 
dark brown trap. This crosses the strata and associated crystalline 
rock, but without affecting the dip, which is here N.E. (fig. 3). 
Further up stream the schistose rocks become harder and more 
flagey in character, and the dip changes slightly to the eastward, 
unaffected apparently by the presence of the granitic rocks, which 
occur as thick bands, throwing out veins in all directions, which 
sometimes follow the seams, and suddenly cease when about an inch 
thick (fig. 1). Very rich washings were found here in the rocky 
pockets by the river-side, the overlying drift being particoloured 
clay with white bands and blotches, covered with ferruginous gravel 
and sand. 

Passing for the present the mouth of the Suisgill burn, which 
flows into the Ullie from the north, about two miles from this point, 
we reach the river Fri, flowing from the west. Here micaceous 
and gneissose flags dip E.S.E., with some intercalated granites. 
These, generally large-grained and friable, become more numerous 
as we proceed towards Achintoul, beyond which, in the Cnock- 
fionn river, running from the N.K., they become very abundant. 
Here the dip is still easterly and at a high angle. A little gold has 
been found in the stream last mentioned. Hereaway the country 
becomes deeply boggy, the first prominent rocks, about eight miles 
to the north-west being the lofty twin mountains Beinn-Ghriam- 
mor and Beinn-Ghriam-beg, isolated masses of Old Red Sandstone, 
dipping 8.W., and furnishing most imposing evidence of immense 
denudation. 

Returning from Achintoul by the Strath- Ullie road, five miles 
bring us to Cinn-preas burn, a north-eastern tributary of the Ullie. 
Here red granitiform rocks and flaggy beds occur, dipping east. <A 
small nugget, weighing 5 dwts., was found here, and a good deal of 
granular gold. 

Suisgill, the next stream from the north-east, was early visited 
by the diggers, and is still their favourite resort. The gold found 
here is generally in larger pellicles, and has hitherto been sufficiently 
abundant to yield a very fair return for skilled labour. Flaggy 
gneissose rocks, with a few micaceous beds, dip here EK. and E.S.E. ; 
but the feature of its lithology is the abundance of a binary com- 
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pound of felspar and quartz (c), commonly interbedded with, but 
once apparently intersecting, the strata. 

The more felspathic varieties of this granitoid rock are readily 
disintegrated, forming either a white plastic clay or a gritty siliceous 
sand, according to the predominance respectively of felspar or quartz. 
Towards the head of the stream, this and other granitiform rocks, 
large-grained, pinkish, and friable, become abundant, forming great 
slopes of granular grit, from which the locality at the Suisgill forks 
takes its Celtic name of Feithegaineamhaich, or the Sandy Swamp. 
The same name, and for a similar reason, is given to the head of 
one of the streams running into the Langwell Water, in the neigh- 
bouring district of Caithness. 

In the small stream Allt-an- -tthionnaraidh, to the south-east of 
Suisgill, a water-rolled pellet, about 4 inch in diameter, and con- 
taining gold in intimate connexion with felspar and quartz, was 
recently ‘picked up without washing. So far as the origin of the 
gold may be inferred from such a small specimen, it suggests the 
binary granitiform layers and grits of the upper Suisgill. 

In Kil-Donnan burn, where, as is now generally known, the 
Sutherland gold was first discovered by Mr. R. N. Gilchrist, a native 
of the county, on his return after a seventeen years’ residence in 
Australia, the flaggy rocks are generally quartzose and gneissose, 
dipping E. and E.S8.E., with an occasional veer to the N.E. Quartz- 
veins of small size occur here, generally encased in chloritic clay. 
The felspathic rock ¢ is also present, but not in abundance. The 
drift, which at its contact with the bottom rock, sometimes consists 
of bluish and yellow clay with light-coloured patches, is most fre- 
quently, as in Suisgill, a ferruginous gravel with rolled boulders, 
apparently of local origin. Above occurs yellowish clay, overlain 
by coarse sand, containing dark flexed earthy lines in section, the 
whole covered by thin peat moss. Gold is found in the greatest 
quantity in the lowest portion of the alluvium, but is obtained occa- 
sionally from wash-dirt immediately under the surface turf (fig. 4). 

In the streams which run into the Ullie from the N.E., between 
Kil-Donnan and Kil-Pheadar (namely Allt-duible, or the double 
burn, which runs into one before reaching the river, Allt-bhreacaich, 
the speckled burn, from the quantity of quartz lying about its slopes, 
and Allt-torrish, the burn of mounds, from its numerous prehistoric 
tumuli), the rocks preserve the same character and general easterly 
dip, with some slight local variations. All these streams are auri- 
ferous, but not richly so. Kuil-Pheadar and Caien burns traverse 
the granite of the Ord; and no gold has been discovered in them, 
although their nearness to Helmsdale village, where many of the 
miners lodge, prompted and facilitated careful and frequent search. 

The same persistence of easterly dip is traceable as we cross the 
strike to the Old Red Sandstone at Berriedale, on the Caithness 
coast. The rocks, however, become more quartzose till they pass 
upwards into the quartzite mountains of the Sgerreabeinn range. 
The occurrence of these quartzites, and the fact that prospecting 
was prohibited within the Berriedale district, probably occasioned 
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the very general belief that it was richly auriferous. 

[June 9, 

Two large 
parties of miners did indeed forcibly enter the ground, but found so 
little as to discourage their return at the risk of violating the law. 
By the kindness of His Grace 
the Duke of Portland I was 
enabled to make a careful ex- 
amination of all the rocks in 
the Langwell and Berriedale 
valleys, traversing the moun- 
tains, and examining every 
rocky stream; and so far as 
such search is conclusive, apart 
from washing for gold, I should 
be inclined to think that this 
district is less likely to prove 
auriferous than that on the Su- 
therland side of the ridge be- 
tween Cnock-nan-Eirinneach 
and Suidhe-’n-fhir-bhig, the 
line of the county march. 

This opinion is of course 
solely founded upon the appa- 
rent absence of those rocks 
which seem to be associated 
with the richest deposits in the 
district of Kil-Donnan. 

5. The source of the gold, 
however, is still undiscovered, 
since nowhere has it yet been 
found in rock zn situ. Several 
specimens of water-rolled stone, 
rich in gold, have been found 
in Suisgill and Kil-Donnan 
burns: these, with the speci- 
men already referred to, are 
now exhibited; and it will be 
seen that in every instance the 
components of the stone are 
felspar and quartz, with one 
exception, in which the rock is 
quartz only, but not such a 
large fragment as may not have 
belonged to the quartzo-fels- 
pathic rock c. Arguing from 
the comparative poverty of the 
drift where this rock or its de- 

Fig. 4.—Section showing Alluvial Deposits in Kil-Donnan. 
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tritus is scarce, and connecting its prevalence in Suisgill and Kil- 
Donnan with the rich alluvium there, we may venture, I think, to 
infer from these facts and those rock-specimens that the granitiform 
rock ¢ may yet be found to be the matrix of the gold. 
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6. The material in which the granular gold occurs, namely the 
detritus overlying the abraded edges of the flaggy Lower Silurian 
rocks, may be partly of glacial origin, but is not necessarily far- 
travelled, for its included boulders seem to be of local origin. It 
has been arranged by water, but probably that of the streams near 
which it lies and not that of the sea, judging from the unwashed 
moraines which occur at lower levels in the valley of the Brora. 

The extent of the auriferous country will probably be found to 
correspond with the range of the more highly metamorphosed Lower 
Silurian rocks ; and since these may be found in more or less force 
as far as the northern coast of Sutherland, the area of the gold-field 
may yet, perhaps, be extended. Nearly every stream within the 
area here described has been well searched by practical diggers; and 
the fact that many of them, as already mentioned, have been searched 
in yain, suggests no wide-spread deposit, the result of extensive gla- 

~ elation, but several independent centres connected with the local rocks. 
The question of the continuance of gold-seeking as a source of 

remunerative labour must depend upon the extent to which these 
its parent rocks may be found to occur. This can only be ascer- 
tained by systematic prospecting, which will doubtless be encouraged 
when questions now pending between the agents of the Crown and 
those of the noble proprietor of the ground are satisfactorily settled. 

Already the results have been a fair return for skilled labour, 
amounting to the value of about £3000, so far as I can ascertain by 
inquiry and careful calculation. 

In conclusion, it may perhaps not be held irrelevant to remark 
that the Pictish Towers, a class of ancient buildings very numerous 
in Sutherland, are specially abundant within the ascertained auri- 
ferous district, and further appear, wherever they occur, from Shet- 
land to the south of Inverness-shire, to be associated with rocks which 
may be more or less auriferous—namely the Lower Silurian, believed 
on very high authority to be the most frequent source of gold in all 
parts of the world. 

These forts were apparently erected against maritime invaders. 
Their number and strength suggest the frequency and formidable 
nature of such invasions, for which a motive may be found in the 
supposition that south-eastern Sutherland and other districts where 
such duns or burgs occur were known in prehistoric times to be 
rich in gold or other mineral treasures. Hence, perhaps, the con- 

-nmexion between the copper of Sandness and Mousa-burg in Shet- 
land, the lead and silver of Beaufort and Struidh-burg in Inverness, 
the gold of Durness and Dun-Dornadilla in West Sutherland, of 
Uisge-dubh and Caisteal-Coille, of Allt-Smeorail with Aschoille- 
burg on one side, and Coir-Aoiscaig tower on the other, and of 
Strath Ullie, with its chain of Pictish strongholds from Dun-uaine 
on the coast to the wonderful group of Cyclopean structures that 
crown Beinn-Ghriam-beg twenty-eight miles inland. 

Hence, too, perhaps, the origin of the native torques and ar- 
mille of beaten gold, attractive booty no doubt to the roving Norse- 
men, ‘the exactors of rings;” and hence, also, it may be, one 
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reason why the largest nugget lately found weighs only 2 oz. 17 dwts., 
if we suppose that the gold discoverable without washing or other 
modern appliances had been picked up by the prehistoric people. 

Discussion. 

Prof. Ramsay regarded it as certain that no quantity of gold 
would ever be found in purely glacial deposits, as in such detritus 
specific gravity went for nothing; but when those deposits came to 
be sorted by water, the gold became apparent, as in this case. He 
agreed with the author in regarding the granites in Kil-Donnan burn 
as metamorphic rather than intrusive, and had long held this opinion. 
The felspathic dykes were probably due to other causes. 

Mr. D. Forsss, on the contrary, regarded the granite as eruptive, 
and accounted for the granitic veins following the lines of stratifi- 
cation, inasmuch as those were the lines of least resistance. The 
smaller interstices caused by the intrusion of the granite would be - 
filled with quartz-veins derived from the granite, both probably con- 
taining gold. He considered that the gold had not been derived 
from Silurian rocks, but from the intruded granite or from the 
quartz-veins. 

The AvutHor was inclined to regard the granite in some instances 
as Intrusive, and in others as metamorphic. 

2. OxssERVATIONS on the “ Nueeetry Ree,” Mount-TarrancowER 
Gotp-FIELD. By Dr. Grorez H. F. Urrics, F.G.S8. 

Tue Mount-Tarrangower Gold-field les about eighty-five miles due 
N.W. of Melbourne, at a mean elevation of 1200 feet above the level 
of the sea. Mount Tarrangower, from which the field derives its 
name, is a fine, massive, symmetrical hill, 1844 feet above the level 
of the sea by barometric measurement, thus rising several hundred 
feet above the level of the surrounding hilly country, and forming 
a conspicuous landmark for a great distance round. It and its 
eastern, northern, and southern spurs consist mainly of bluish-grey, 
hard, metamorphic Lower-Silurian Sandstone (‘‘ Hornfels”) which 
crops out in beds, generally thick, but much cleaved, showing a 
mean strike of N. 12° W., and an easterly dip of 70°—80°. 

About 500 feet down the rather steep western slope of the 
mount we meet the boundary of the extensive granitic tract, here 
generally known as “ Bryant’s Ranges,” but forming part of the 
large horseshoe-shaped mass of which Mount Alexander, near Cas- 
tlemaine, forms the highest point at an elevation of about 2800 feet. 
All along this boundary, which runs nearly due N. and 8. for above 
six miles, numerous ramifications of the granite into the metamorphic 
rock can be observed, and there are also several small patches (in- 
liers) of Silurian rock cropping out of the granite, which show in places 
round their boundaries an evident gradual passage into dark, fine- 
grained, micaceous, sometimes gneissose granite. It is singular 
that the strike and bedding of these Silurian inliers appear to be in 
no way disturbed or to deviate from those the rock shows beyond the 
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granite boundary. That the granite could scarcely have exerted 
any upheaving action upon the Silurian formation is well shown by 
the fact that both the strike and dip of the beds are against the 
granite, and show no material alteration in these particulars for 
miles away from the latter. 

Close around the foot of Mount Tarrangower, within the north- 
eastern quadrangle, lies the thriving little mining town of Maldon, 
enclosing within its boundary some of the richest auriferous quartz- 
reefs of the district, and forming, as it were, the nucleus from which, 
towards the north, east, and south, auriferous Postpliocene gullies 
and chains of hilly patches of Upper Pliocene gold-drift diverge. 

Both gullies and drift-hills (once highly auriferous) are now nearly 
worked out. Washing on a large scale might still perhaps prove 
a profitable undertaking, if a great scarcity of water did not put 
this beyond the power of the enterprising miner. The chief re- 
source at present of the mining community of Maldon, and what 
has made this gold-field celebrated, are its numerous auriferous reefs ; 
and amongst these the one named at the head of this article (“the 
Nuggetty Reef”) is no doubt the most remarkable, both on account 
of the great quantity of gold obtained from it, and because it exhi- 
bits some interesting geological features that throw a clear light 
upon its age relatively to that of the granite. The reef was dis- 
covered in 1856, receiving its name from the coarse, nuggetty gold 
found in its outcrop, and it has yielded up to the present time very 
little short of 300,000 ounces of gold; some portions are said to 
have paid from 300-500 ounces of gold per ton. It lies about 
two miles and a half N.N.W. of Maldon, appearing first on the 
surface several chains north of the top of the high east and west 
range that commences from near this point to form the watershed 
between the Muckleford and Bradford Creeks, and it terminates 
against the granite at the foot of the range, diminishing gra- 
dually and dividing into thin veins, which do not penetrate that 
rock. It strikes N. 12° W., and dips easterly at angles varying 
from 70° to nearly vertical. It cannot in reality be regarded as 
one well-defined lode, as it consists of separate veins, and shows 
irregularities and different aspects in different portions of its ex- 
tent. At the north end, for instance, which is principally worked 
by the Alliance Company, it consists of two strong veins, divided by 
a somewhat irregularly shaped and bedded mass of bluish-grey 
hard, metamorphic sandstone—a so-called “ horse,” which is more 

or less abundantly traversed by quartz-strings. At the surface the 
two veins adjoin each other very closely, and have perhaps once been 
united in the original crown of the reef, since removed by denuda- 
tion. Owing, however, to the “horse” gradually expanding to a 
certain point, then contracting and again increasing in width, the 
veins diverge, converge, and diverge accordingly. 

The eastern vein is distinguished by a fine smooth eastern wall that 
extends without any change as far as the line of the reef has been 
opened and examined; the western vein, on the contrary, is devoid 
of a defined wall, and shows no casings, and the quartz presents 



328 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [June 9, 

an extremely uneven face, ramifying very frequently into the country 
and the horse (fig. 1). With regard to its auriferous contents, the 
eastern vein stands far behind the western in richness: although 
the yields of gold from certain parts have been very fair, still, on 
the average, they were low, and the character of the vein became 
irregular in depth; whilst the western vein contained the gold more 
richly and evenly distributed, and showed a more regular course on 
being followed downward. It was rarely less than 3 feet, but in- 
creased in places to 20 feet and more in width (Crystal’s Claim). 

Next southward of the Alliance Company, in the ground worked 
by the Speculation Company, a great alteration is apparent in 
the character of the horse separating the two veins. It becomes, 
from the surface downward, gradually more thickly traversed by 
quartz-strings, which are mostly auriferous, and at about 200 feet 
in depth it represents in reality a close irregular network of quartz 
and metamorphic sandstone. One of these strings, near the centre 
of the “ horse,” increases to several feet in thickness, becomes well 
defined in dip and strike, and, being also more auriferous than the 
rest, is advantageously worked and called the “‘ middle vein.” The 
eastern vein is in this ground not visible on the surface, and was 
for several years, in fact, not supposed to exist, till, through some 
workings, to be mentioned further on, and certain features in the 
neighbouring ground of the Alliance Company, it became clear that 
the horse expands towards the surface to such a degree as to 
squeeze the vein to (what the miners term) a “ feather-edge,” 
and to make it quite disappear at the surface. On piercing the 
horse, however, at a lower level by a cross cut, it was soon dis- 
covered, and produced some very rich quartz for a certain extent in 
length and depth, but gradually became poor afterwards. At 
240 feet from the surface the western vein showed in this mine 
the peculiar feature of becoming nearly flat for a distance in strike 
of about 100 feet, and in dip nearly 40 feet, and then assuming its 
normal course again (fig. 2). The thickness of the vein at this 
place is 8-5 feet, and the quartz yielded on an average nearly two 
ounces of gold per ton. 

Proceeding again southward of the Speculation Company’s mine, 
the reef shows a further change. The eastern vein, hitherto less 
important than the western one, continues profitably auriferous for a 
considerable extent in strike, and, ultimately disappearing at the 
surface, still exists in depth, alwaysedistinguished by its fine smooth 
eastern wall; the western vein, on the contrary, soon dies out both 
in depth and strike. 

Having thus given a short sketch of the reef with regard to its 
development in the principal mines opened upon it, I will now de- 
scribe some peculiarities observed in the Alliance Company’s mine, 
in connexion with the interesting feature of the intersection of the 
reef by different granite-veins. The relative positions of these with 
reference to the company’s engine-shaft are as follows :— 

The furst vein traverses the reef diagonally, entering it close 
south of the shaft, and running northward through it for a distance 
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with a slight northerly dip to a depth of 120 feet, terminating 
there quite abruptly in the reef; whether it does so likewise in the © 

of 20 feet, where it cuts into the western wall (fig. 3). 
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Fig. 1.—Plan, showing the 

however, more coarse-grained in depth. 

The second granite vem appears at the surface about 10 feet 
south of the engine-shaft, running right across the reef and dipping 

feet thick, and consists at the surface of a fine-grained felspathic 

southward (irregularly steeper and flatter) at a mean angle of 50°. 

(euritic) granite ; 1t becomes, 
There is no displacement or change observable in the reef where 
this vein crosses it. 

It is about 6 feet thick and solid where intersecting the reef, but 
divides on the eastern side into two, and on the western one into 

country, on both sides, has not been ascertained. It is about 7 
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apparently a number of branches entering the country (fig. 4). From 
this vein likewise the reef has not suffered any displacement or 

-change. On being sunk through, the granite was observed to have, 

Fig. 4.—Section of Reef, showing second Granite-vein. 
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in a line with the smooth eastern wall of the reef, a distinct joint 
or crack, filled with black clayey matter. This feature was so de- 
ceptive that the miners believed the vein really terminated right at 
the eastern wall; and as a similar joint, though not so marked, was 
observed on the western wall also, the belief generally gained 
ground, and it was at last positively asserted, that this second gra- 
nite-vein did not penetrate into the country, but formed, so to 
speak, an intrinsic portion of the reef. However, through a late 
break in the mine, causing a great portion of the reef and country 
to cave in at the surface, the fallacy of this assertion is clearly 
proved, since the branches into which the vein divides can plainly 
be seen entering the country. The sinking through this granite 
vein, in the Speculation Company’s ground, led principally to the 
proper understanding of the nature of the previously mentioned 
‘“‘horse,” and, in consequence, to the discovery of the easterly vein 
of the reef. Not knowing that the “horse” expands, and thus 
causes the easterly vein to disappear towards the surface, the com- 
pany worked down the westerly vein and penetrated through the 
granite. But on finding the reef beneath of a far greater width, 
save a thin parting of metamorphic sandstone in the centre, and 
also striking the smooth eastern wall, that had not been observed 
above the granite, it was at once rightly supposed that what had 
been thus far considered the country was in reality the “horse,” 
which suddenly contracted beneath the granite vein, thereby causing 
the eastern and western quartz-veins to join. A cross cut and a 
rise through the granite up the eastern wall were, as already men- 
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tioned, successful in striking the former vein above the granite. 
Figs. 5, 5a, 56 represent these relations of the “horse,” reef, and 
intrusive vein. 

The third vein of granite was struck in the Alliance Company’s 
engine-shaft at a depth of about 240 feet. Its thickness amounts 

Fig. 5 6.—Cross section of the Fig. 5.—Plan of Reef, show- 
Lieef along line a b of fig. 5 a. ing Granite Bar and 
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to nearly 8 feet; and it dips both west and south at angles of 35° 
through the reef. The latter is at this point nearly vertical, and 
shows, as was the case with the former two veins, no dislocation 

2A VOR. DOV. PART I. 
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whatever; but it was found to be quite poor, nearly barren, under- 
neath the granite, though pretty rich above it, and the “horse” 
dividing the reef gradually widened again in depth, whilst for a 
good height above, towards the second granite-vein, it had been 
nearly absent (fig. 6). 

The fourth granite vein that traverses the reef is from 5 to 8 inches 
thick, and dips E. at an angle of about 20° with a slight northerly in- 

Fig. 7.— Cross Section, showing fourth Gra- 
nite-vein cutting off the Reef (eastern and 
western veins with “ Horse’’ between) and 
probable position of lost portion, also gra- 
nite bottom floor and felspathie vem. 

Fig. 6.—Cross section of the 
Reef, showing third vein 
of Granite and “ Horse.” 
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clination. It was struck in the engine-shaft at a depth of 430 feet, 
where the reef, as a whole, has a width of nearly 50 feet, of which 
the western vein represents about 20 feet, the “horse”? about 
25 feet, and the eastern vein 4-5 feet. Beneath the granite all 
traces of the reef are absent, and only the hard blue metamor- 
phic sandstone of the district occupies the place. The company 
deepened their shaft through this rock to a depth of 490 feet, when 
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granite, dipping east at an angle of 18°, was again struck and sunk 
into for 20 feet. But as it showed no change of any kind (being solid, 
and nearly without joint or crack), further sinking was considered 
useless, under the, no doubt well-founded, supposition that this last 
granite represented the real massive formation of the rock, dipping 
this way from the neighbouring surface-boundary, and not, as was 
at first hoped, a strong vein or bar like those before described. The 
only exceptional feature met with, whilst sinking the shaft through 
the metamorphic sandstone underneath the fourth granite-vein, was 
a vein of white ‘‘ orthoclase ” mixed with some quartz, which com- 
menced at first quite thin right underneath the former vein, but 
soon thickened to 3-4 inches, and was never lost for the whole 
distance sunk, dipping nearly vertically through both the sandstone 
and the granite. It sadly deceived the poor miners for a good while, 
as they mistook the felspar for quartz, and considered the vein to be 
a fresh “making” of the reef. After the shaft-sinking was dis- 
continued, it was noticed that the relation of the fourth granite- 
vein to the reef furnished strong evidence of the latter being faulted 
by the former; and a cross cut, starting right on the top of the 
bottom floor of granite, was driven eastward in search of the faulted 
portion. No signs of the reef being, however, met with after a dis- 
tance of 70 feet was reached, this work has likewise been discon- 
tinued, and it is now contemplated to cross-cut westward—a di- 
rection which ought, in fact, to have been tried at first; for, 
according to the old mining rule, that the hanging portion of a 
faulted lode has in most cases slid down in the direction of the dip 
of the faulter, it is the most likely side on which the reef might be 
regained (fig. 7). 

The four granite-veins described have, as mentioned in the be- 
ginning, been observed in the mine of the Alliance Company ; in the 
the neighbouring mine of the Speculation Company only the second 
vein that dips in this direction (southward) has as yet been struck, 
the first vein lying wholly in the Alliance Company’s ground, and 
the third and fourth occurring at a lower level than the workings 
in this mine have reached. Lately, however, a granite-vein has 
been struck in it at a depth of 200 feet, which is evidently quite 
new, 2.¢. different from the other four veins, as it has only a 
thickness of 1-2 feet, dips nearly vertically, and runs obliquely across 
the reef. It is at present exposed in one drive only; but as the 
workings progress it will be interesting to observe whether it 
stands in connexion with the second and third granite-veins, which 
le respectively above and below it. ; 

With regard to the mineral character of the granite of the veins, 
as compared with that of the granite of the main mass in the imme- 
diate neighbourhood, hardly any difference can be observed, except 
that the vein-granite appears to be slightly more quartzose, and to 
contain perhaps less mica than the other. It can scarcely be 
doubted that the two lower granite-veins and the bottom floor are 
still im connexion with the main mass, and would lead up to it if 
followed northward; whilst the other veins were originally so con- 

2A 2 
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nected, though all traces of this have since disappeared by denuda- 
tion. Yet the assumption that the first three veins especially are 
intrusive appears to be singularly at variance with the mode of their 
mineral connexion with the reef. The feature generally observable 
between intrusive dykes and the surrounding rock (a division-line 
between the quartz and granite) is completely absent. The granite 
appears here, in fact, not at all unlike a zone of impregnation, 
inasmuch as the quartz, some distance above the veins, shows first 
scattered crystals and particles of felspar; these increase in quantity; 
plates and small nests of black mica appear, and, whilst their num- 
ber also augments, the mixture becomes more and more fine- 
grained, and the passage to typical granite is insensibly completed, 
the reverse process of change of this rock to reef-quartz commencing 
again a few feet below. The definite thickness given to each gra- 
nite-vein in the previous description has only reference to the zone 
of typical granite; if those portions of the reef above and below 
which bear already a marked granitic character were to-be included, 
the width of each vein would perhaps be double that given. Even 
the gold and the other minerals associated with it in the reef take 
part in the above passage, for they have been found several inches 
deep in the granite; in the centres of the veins, however, none 
could be ‘detected. Mr. Salter, the Manager of the Alliance Com- 
pany, presented to the Melbourne Public Museum several fine 
specimens, showing the gradual change of quartz to granite, 
examples of vein-granite with specks of gold, pyrites, &., and also 
one specimen from the lowest (fourth) vein, consisting of quartz, 
granite, and metamorphic rock. . Between the two latter, however, 
the passage appears not to be so gradual, on account of the black 
colour of the metamorphic rock, caused by its very micaceous cha- 
racter along the line of contact, though in some places the two rocks 
appear like different conditions (textures) of the same magma. 

As regards their intrusive character, there is also an inexplicable 
discrepancy in the behaviour of the upper three and the lowest 
granite-vein, viz. that if this last vein be considered to have 
faulted the reef (a supposition all the circumstances certainly point 
to), no reason can be assigned why the other veins should not have 
done the same, seeing that: they intersect the reef at angles equally fa- 
vourable for the production of this phenomenon. A shifting of the 
reef might perhaps have been caused by the second vein ; but as, from 
the mode of intersection (figs. 5 & 5a), it would have taken place in 
the direction of the strike, 2. ¢. the surface-portion of the reef moved 
southward, no displacement might be apparent; with the other two 
veins, however, it ought to be as plain as with the fourth granite-vein. 

The minerals hitherto observed as associated with the gold in the 
Nuggetty Reef are the following: — 

Iron-pyrites. Occurring poaenliens in ie strings, and, though 
rarely, in druses of small cubical crystals in hollows. 

Arsenical pyrites. Like the former; seldom as perfect crystals 
imbedded in solid quartz. 



1869. | ULRICH—“ NUGGETTY REEF.” go 

Magnetic pyrites. Scattered through the quartz in small patches ; 
not found in crystals as yet. 

Copper-pyrites. Like the former, but rather more rare. 
Galena. Very abundant, finely disseminated, and in patches; but 

seldom, and always imperfectly, crystallized. 
Zinc-blende. Finely disseminated and in small patches, generally 

in connexion with galena; not yet observed crystallized. 
Maldonite, Bismuthic Gold. Generally in the neighbourhood of 

the granite-veins, and often a few inches deep in the granite 
itself, specks of a soft malleable ore occur, having a pinkish 
silver-white colour, with a brilliant metallic lustre when freshly 
broken, but tarnishing gradually when exposed to the atmo- 
sphere, becoming first of a dull copper-colour, and ultimately 
quite black. Of this rare ore only a very small quantity has yet 
been available for blowpipe experiments, by which I determined 
it to be an alloy of bismuth and gold, and for an assay, made by 
Mr. Cosmo Newbery, which showed its composition to be 64:5 
gold and 35:5 bismuth, agreeing closely with the formula Au’ Bi. 
Being, as a natural product, quite new to science, it is pro- 
posed to name this alloy “‘ Maldonite ” after the locality of its 
occurrence. Itis softer than pure gold, fuses more easily before 
the blowpipe on charcoal, and, whilst turning to a bright gold 
bead, imparts to the chacoal the yellow coating of bismuth. It 
shows no trace of tellurium, sulphur, &c. Cleavage apparently 
cubical; very sectile. It is no doubt the ore that gave rise 
to the frequent admixtures of bismuth in the gold of the 
Nuggetty Reef. 

In addition to the different ores just mentioned, which, with the 
exception of the “‘ Maldonite,” appear to increase in quantity be- 
neath the water-level, there occur frequently in the quartz, and not 
at all confined to the neighbourhood of the granite-veins, irregular 
patches and imperfect crystals of bluish and greenish-white felspar 
(oligoclase) and of silvery white and black mica; also, scattered 
through the reef, narrow veins and small lumps of a white kaolinic 
clay. 

In conclusion, it may not be out of place to remark that the 
surface-\workings on this interesting reef present a glaring in- 
stance of misspent labour and capital, due no doubt to the dislike to 
cooperation, often noticed among the miners in the early times of 
the Victorian gold-fields. Running up the steep slope of the hill, 
called Mount Moorul, the main portion of the reef in strike, and 
considerably over 100 feet in dip, might easily have been worked 
by one main shaft, in connexion with a tunnel starting from a 
deep gully that runs alongside the reef. ‘Instead of this, however, 
at least a dozen costly shafts have been sunk, out of which ‘the quartz 
had to be raised by windlass or horsewhim, to be directly shot down 
again by means of shoots to the bottom of the before-mentioned 
eully, whence it was carted to the crushing-machines in the neigh- 
bourhood. 

ee 
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3. On the Caratat Gor~p-FIELD. 
By C. Ln Neuve Fosrer, B.A., D.Sc., F.G.S8. 

[ Abridged. ] 

Tue Caratal goldfield, for our knowledge of which we are indebted 
to Dr. Plassard, is situated in Venezuela, about 160 miles in a 
straight line east-south-east of Ciudad Bolivar or Angostura, the 
capital of the State of Guayana. It lies about 100 miles south of 
the River Orinoco, about seventy-five miles up from the principal 
mouth. 

Before entering upon a description of the various kinds of gold- 
deposits, I must give a short general sketch of the geology of the 
district. 

The country between Ciudad Bolivar and Pastora consists almost 
entirely of gneiss, with some mica-schist and hornblende-schist, and 
a httle granite. All three varieties of rock are seen at Ciudad Bo- 
livar itself. From Ciudad Bolivar to the Caroni there is a gently 
undulating savannah showing outcrops of gneiss as far as the neigh- 
bourhood of the Arasiama ridge, which is formed of itaberite. About 
Arasiama, and on both sides of the Caroni near Guri, the strike of 
the gneiss is, roughly speaking, east and west. 

Beyond Charapo there is some hornblende-schist striking E. 15° N. 
in some of the land which forms the watershed between the basin 
of the Orinoco and that of the Essequibo. Where the road crosses 
it, the watershed is not more than abomt stl feet above the sea- 
level. 

Further east, at Limones, I saw ee but the greater part of 
the country consists of gneiss, which now gets a strike of N.18° W. 
to N.15°E. Both east and west of the Oronato I found horn- 
blendic schist, striking N. 10° E., N. 45° W. 

In crossing the Guatapolo I noticed a dyke of porphyrite re- 
sembling some of the Cornish elvans, and remarkable for the well- 
crystallized quartz which it contains. 

Before arriving at Pastora the series of schists and slaty rocks, 
which continue into the Caratal district, make their appearance ; 
near Pastora there are siliceous schists striking N. 45° W., N. 60° W., 
N. 70° W.; and at Caratal itself these rocks are often a fine-grained 
clay-slate like some of the Cornish “ killas.” At other times the 
rock is much coarser; and a very talcose variety frequently occurs. 
As a rule, these slaty rocks are much decomposed. The decom- 
posed schist forms the ‘‘ bed-rock ” in many of the alluvial diggings, 
and is known to the miners as “cascajo.” Besides these slaty 
rocks, there are large outcrops of a felstone; but I cannot say 
whether it is intrusive or interbedded. This felstone is the “ blue- 
stone” of Dr. Stevens*. It is a compact grey, bluish-grey, or 
greenish-grey rock, often containing small crystals of iron pyrites, 
the “mica” of the miners. The schistose rocks have, roughly 
speaking, an east and west strike, with a varying dip. 

* «Scientific American,’ 25th Nov. 1868, and ‘ American Journal of Mining,’ 
Ist Aug. 1868. 
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It was only on the north side of the Yuruari, near the Tupuquen 
Ford and north of Callao, that I noticed outcrops of a rock which 

_ Lhave called “ gabbro” on the authority of Mr. David Forbes, F.R.S. 
To the north of the mining district—in fact, in the country about 
Upata, gneiss, mica-schist, hornblende-schist, and granite occur; 
but time did not permit my making any full examination of this 
part. It will thus be seen that to the west and north the gold-bearing 
slates are surrounded by gneiss and other metamorphic rocks. No 
fossils have as yet been found, though carefully searched for by Dr. 
Plassard ever since he discovered the gold-fields. The age of the 
rocks is consequently unknown. 

I will now pass on to the gold deposits of the Caratal district. 
These may be classed under four heads :—1. Lodes, veins, “ reefs,” 

or “ledges,” jilones; 2. Alluvial or “placer” diggings, or greda ; 
3. Red earth, or tierra de flor; 4. Gravel and sand of river-beds. 

1. Lodes.—About a dozen lcdes have been discovered and worked 
on. It is impossible to give any general direction of the strike and 
dip of these lodes ; but it may be remarked that several well-marked 
and rich lodes run east and west, while others, equally productive, 
have strikes approaching to north and south. 

As the lodes are few in number, a short description of each will 
furnish the easiest method of giving an idea of their general nature. 

The Callao lode lies about a mile and three-quarters N.N.W. of 
Nueva Providencia. It isa north and south lode dipping west, and 
is from 1 foot to 2 feet thick in many places; it consists mainly of 
quartz with a little iron-pyrites and brown oxide of iron, &c., and a 
few blackish streaks due, perhaps, to chlorite. The goid in this lode 
is very coarse, and specimens of pure white quartz and. native gold, 
without a particle of oxide’ of iron, are often found. The surrounding 
rock or “country,” is felstone, with a little iron pyrites. The 
miners say that the presence of iron pyrites is a favourable sign for the 
productiveness of the lode. The Callao lode has been worked along 
the strike for a distance of about 200 yards, and it is said to die 
out southwards. The deepest workings in the Caratal district are 
upon this lode; but they only reach down 36 yards, further pro- 
gress being prevented by water and the want of pumping-ma- 
chinery. Very large quantities of gold (I believe I am under the 
mark in saying 1000 oz. per month) have been obtained from 
Callao. 

The Corinna lode is situated further eastward, on the bank of the 
Yuruari. The lode is 4 feet wide in places, and dips west. It 
consists mainly of quartz, with brown oxide of iron, mammillated 
pyrolusite, thin streaks of a blackish mineral, and visible gold. 
This lode has been worked to a depth of about a dozen yards and 
has been profitable. 

In the neighbourhood of the Corinna the American Company has 
made openings upon other lodes and branches. Some of the quartz 
shows visible gold, the rest does not; but all is auriferous; on an 
average, I am told that the quartz from these openings gives abont 
(14 oz. of gold to the ton. The “country” of these lodes and of 
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the Corinna consists of decomposed schist. On the hill south-east 
of Nueva Providencia there are numerous abandoned “ barrancos ” 
or pits sunk to work the Tigre lode. I was told that its strike is 
N.30°HR., and that it is about a foot wide and very rich. The 
country is a hard, dark-greenish rock. 

In Nueva Providencia numerous blocks of loose quartz contain- 
ing gold are lying about in one part of the town, probably derived 
from a lode which crops out here, and the Prefect of the Depart- 
ment of the Yuruari has been working a lode in his garden just east 
of the town. In the San Felipe property, to the south of the town, 
several lodes are said to have been discovered. 

The Peru lode, situated near the source of a branch of the Mu- 
cupia brook, runs K.5°N. and dips south at 60°. It is 2 feet wide, 
and consists of quartz, with brown oxide of iron, us usual blackish 
streaks, talc, and visible gold. 

In another little, neighbouring valley are the Potosi workings. 
In one of the adits driven into the hillside there are two east and 
west lodes, dipping 55° in opposite directions, the level beg driven 
just below the intersection. The stuff is very similar to that of 
Peru, and there is no difficulty in finding visible gold. 

The Chile lode lies about a quarter of a mile south of Potosi, and, 
after Callao, is at present the most important in the Caratal district. 
The Chile main lode runs about E. 10° N. to EK. 15° N., and dips 
south at 45° to 60°. It varies in width from 2 feet to 6 feet. It 
consists mainly of quartz, with brown oxide of iron, the. blackish 
streaks, talc, a white earthy mineral like kaolin, and visible gold. 
In many pieces of stuff from this lode there are cubical cavities 
lined with gold as if they had been plated, or containing leafy 
gold; sometimes also the cavity is filled with brown oxide of iron 
in which specks of gold are visible. The cavities seem’to be 
due to the decomposition of iron pyrites which originally filled 
them. The coarse gold which is found at Callao does not occur at 

Fig. 1.—Plan of Chile Lodes. 

—————— chile North Lode. 
Sere 

Chile. To the west the Chile lode splits up into at least three 
branches, as is shown on the accompanying diagram-plan (fig. 1). 
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Here I have also shown a lode to the north which was exceedingly 
rich. The north lode is like the main one in having the greater 
part of the gold in cavities in the quartz partly filled with brown 
oxide of iron. 

The Chile main lode has been worked to a depth of about 30 yards. 
The “country ” is decomposed talcose clay-slate. In several of the 
shafts which have been made on this lode, the “ porfiro” or “ por- 
fido”’ of the miners occurs. This so-called “ porphyry,” also known 
at Chile as “ quartzo morado,” and “ piedra morada,” is a reddish, 
pink, or brown ferruginous hornstone, sometimes becoming jasper. 
It sometimes contains crystals of iron pyrites, or cavities left by their 
decomposition. At Chile, as shown in fig. 2, it forms a sort of 
lode parallel to the white quartz lode, 
from which it is separated by a few aR ee 
inches of “cascajo.” The Chile miners NN oes eas 
told me that they occasionally found 
visible gold in it, but too little to pay 
them to work it. A similar rock (‘* por- 
firo”’) is found all over the Caratal dis- 
trict and is regarded by the miners as a 
favourable indication for gold. 

A little work has been done on a lode 
called San Antonio, a short distance from 
Chile. Two “barrancos,” very close to 
one another, have been sunk upon it, 
and they show a quartz lode 2 feet x sary 
thick, which strikes from 8. 20°E. to “yacautl's, quosthiele 
S. 45° E., and dips sharply to the west. c. So-called ‘“ porphyry.” 
The surrounding rock is “ cascajo.” . : 
The lode consists of quartz, with black streaks, iron pyrites, brown 
oxide of iron, and very fine gold. 

Lying in the basin of the Yguana, like Chile and San Antonio, 
are the Panama workings. Much work has been done here upon 
loose blocks of quartz which strew the hillside, and a small opening 
has been made on the top of the hill upon an east and west lode. 
This lode is 3 feet wide in places, and dips south. On the opposite 
side of the valley a flattish lode 2 to 6 feet thick has furnished a 
good deal of quartz. Quartz has also been found and worked at the 
Lagunta, near Panama, and at the Independiente, between Panama 
and Nueva Providencia. | 

2. Alluvial or “placer” Diggings.—Excepting a few places on 
the banks of the Yuruari, the working of auriferous alluvia has 
at present been confined to the valley of the Mucupia and its 
various tributaries, such as the “ quebradas,” or valleys, known as 
the Tigre, Peru, Aguinaldo, &c. . 

On leaying Nueva Providencia by any of the paths to the west, 
‘we come upon pit after pit 6 to 10 yards deep; and although this 
ground was worked as early as 1857 and 1858, it can be pretty well 
seen what the diggings were like. .The accompanying section (fig. 3) 
is made up partly from personal observation and partly from in- 

Quartz and ‘ Porphy- 
ry” Lodes. 
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formation obtained from Dr. Plassard, who was at Caratal while 
this stuff was being worked. 

Fig. 3.—NSection of Alluvial Digging near Nueva Providencia. 
Dre Ean SE aN cre fests Sa gees patie atv wee ee SNS oslo Ts \ti ee (Se Se 
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The following is the succession of the bade — 

1. Soil. 
2. Red clay, showing no signs of stratification. 
3. Soft clayey ‘‘moco de hierro.” 
4, Hard “‘ moco de hierro,” brown iron ore, with pieces of quartz 

in it and a little clay. 
5. Blocks of vein-quartz, often auriferous. 
6. “Greda,” or pay-dirt, a yellow ferruginous clay containing 

nuggets and small grains of gold. 
7. ‘ Cascajo,” decomposed schist, forming the “ bed-rock.” 

About half a mile from the town, on the road to Tupuquen, are 
the ‘‘ Planada” diggings, said to have been worked with much profit 
in 1857. The section of one of the Planada pits is as follows :— 

1. Soil. 
2. Clayey gravel. 
3. Blocks of quartz. 
4, “Greda,” or pay-dirt. 
5. “ Cascajo,” the bed-rock. 

In a neighbouring pit I saw about 6 feet of clay and then 6 feet 
of gravel, the bottom being filled with rubbish. The pebbles found 
in the gravel are mainly composed of the greenish grey felstone, 
known as “ piedra negra ;” subangular and rounded pieces of ferru- 
ginous hornstone are alsocommon. Higher up the valleys the placer 
diggings are shallower. 

3. Tierra de Flor and Moco de Hierro.—In many places in the 
Caratal district, just below the soil, at a depth of 18 inches to 3 feet, 
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there is a layer of red earth, often containing pieces of auriferous vein- 
quartz, pieces of “moco de hierro” and grains of pisolitic brown 
hematite, the “granson” of the miners. When washed, this 
“tierra de flor,” or “surface earth,” as it is called, furnishes, in 
addition, decomposed crystals of iron pyrites, a black magnetic iron 
sand called “ arenilla,” and often nuggets of gold. The manner in 
which the gold occurs appears to be very irregular; the miner may 
wash “‘batea” after “ batea” of earth and find no gold, or only the 
“‘ color de oro”’ (2. e. merely a few fine grains of gold), and then get 
several nuggets in the next lot. The largest nugget yet found in 
the Caratal district was obtained from the “ tierra de flor,’’ close to 
Nueva Providencia; it weighed 15 lbs. 

In the diggings at the south-south-west corner of the town I saw 
“tierra de flor” lying above alluvial ground. 

The following is the succession :— 

1. Soil. 
2. “ Tierra de flor,” red earth, with loose stones of quartz. 
3. Ferruginous clay. 
4, “ Greda,” or pay-dirt, yellowish clay, with blocks of quartz. 
5. “ Cascajo,” or bed-rock, decomposed schist. 

From the manner in which this “ tierra de flor ” occurred, I at 
once concluded that, geologically speaking, it was a “‘ rainwash; ” 
but it was some time before I understood whence it was immediately 
derived. At last, after talking the matter over very frequently, 
Dr. Plassard and I arrived at the conclusion that the “tierra de 
flor” is nothing more or less than decomposed “ moco de hierro ” 
washed down the hillsides. 

The name “‘ moco de hierro” is given to a highly ferruginous, 
rock, which assumes the various forms of :— 

a. Ferruginous conglomerate. 
6. Ferruginous grit. 
c. Ferruginous breccia. 
d. Pisolitic brown iron-ore. 

It always consists mainly of limonite and earthy red hematite, 
with pebbles or angular and subangular fragments of quartz, schist, 
and felstone. When it takes the form of pisolitic brown iron-ore, it 
consists of a number of globular concretions of limonite. This 
“moco” is found in loose blocks on the surface, and often forms 
plateaux, sometimes more than a hundred (or even two hundred) 
acres in extent. The edge of the plateau is generally marked by a 
bold rocky escarpment. Here it may be seen that the “ moco” is 
6, 8, or even 10 feet thick at the least; and the same thing may be 
observed where a stream has cut its way down through a “ moco” 
plateau as shown in fig. 4. 

In searching for quartz-lodes I came to the conclusion that the 
“moco de hierro”’ affords no evidence of lodes in the immediate 
vicinity ; for my observations led me to infer that it is probably of 
alluvial origin. I should suppose that the ferruginous matter of 
which it consists so largely is derived from iron pyrites, which was 
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contained in the alluvial deposit, partly in the form of loose pieces 
and partly enclosed in fragments of rock. Some may also have 

Fig. 4.—Valley-section, showing the Formation of “ Tierra de flor” 
from “ Moco de hierro.” 

1. “Cascajo,” or felstone. 2. “Moco de hierro.” 3. ‘Tierra de flor.” 

been derived from chalybeate waters coming from other sources 
than the alluvium itself. In some cases, the “moco”’ is of un- 
doubted alluvial origin; and the miners, finding that where they 
met with a bed of “ moco” they usually had a good pay-dirt, or 
‘“‘ sreda,”’ came to the: conclusion that the ‘‘moco”’ was a good in- 
dication of gold deposits of all sorts. I must further add that the 
alluvial “ moco” lying above the pay-dirt has occasionally furnished 
nuggets covered with a black coating of oxide of iron, like some 
that are found in the “ tierra de flor.” 

From all this it will be seen that there is nothing in the mode of 
occurrence or mineral contents of the “ tierra de flor” to militate 
against the hypothesis that it is neither more nor less than ‘“‘ moco” 
decomposed in place, or decomposed “ moco” washed down the hill- 
sides. . is 

Should all the “moco” be of alluvial origin, we may expect a 
pay-dirt below it in the higher plateaux, just as we find one in the 
more recent deposits; and it is possible that the nuggets in the red 
dirt are mainly derived from a pay-dirt underlying the “ moco,” and 
not from the “ moco” itself. 3 | 

Some assays of *‘ moco” that I made at Caratal gave gold; some 
that have been made since gave either no gold or merely traces. 
There are therefore two points which remain to be settled with 
regard to the ““moco”:— — yo 

(1) Whether it often contains gold enough to make it a workable 
deposit. 7 . 
(2) Whether all “ moco”’ is really a deposit like the “ moco” of 

the “placer” diggings near the town, or, in other words, whether 
it overlies a pay-dirt or deposit of alluvial gold. | : 

4, Recent Stream-beds.—When the dry season commences, the 
rivers and streams sink rapidly ; many dry up entirely; others still 
have a few waterholes left; while the Yuruari always flows a little, 
except in seasons of most extraordinary drought. In any case, banks 
of sand and gravel are left high and dry, or partially so. On digging 
through them, a gold-bearing bed is often met with, which furnishes 
nuggets and small grains of gold on washing. The amount of work 
which goes on with these deposits at the present time is but small, 
though at first they were the only ones that were known. 

I now come to the question of annual produce. Mr. Mathison, 
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acting British Vice-Consul at Ciudad Bolivar, has kindly furnished 
me with the following statement concerning the gold produce of the 
Caratal district :— 

PSG ig est eae e 15,587 oz 
OG Take ae oe eee eee 30,142 oz 

Oimnonthns or lS6S" 2.4 LNA ee 22,481 oz. 

These numbers represent the quantities shipped by the Ciudad 
Bolivar merchants * ; and all this gold has been produced from the 
alluvial diggings, the “tierra de flor,” and gold quartz crushed by 
hand in mortars. I should say that at the present time the gold 
obtained from lodes by far exceeds in quantity that obtained from 
other sources. 

The whole of the present workings are comprised within a circle 
of 33 miles radius, with Nueva Providencia as its centre; but it 
must not for a moment be imagined that this is the whole of the 
auriferous region. Two American gentlemen, Messrs. Davis and 
Austen, found gold on the river Paragua; and just before leaving I 
heard of the discovery of a lode of gold-quartz in the hills to the 
south of Pastora. A little gold has been found at Upata. Dr. Plas- 
sard also tells me that a lode of auriferous quartz traverses the bed 
of the Yuruari at Cura; and I have heard the same report from Senor 
Carlos Siegert. It is further known that gold has been found, and 
even worked on the banks of the Cuyuni in British Guiana. All these 
facts tend to prove that the auriferous rocks are spread over a very 
considerable area indeed. 

4, Notes on the Grotoey of GuYANA, in VENEZUELA. 
By Raupn Tare, Assoc. Linn. Soc., F.G.8. &e. 

I. Iyrropuction.—The observations on which this notice is based 
were made during a trip of some two months’ extent in the latter 
part of last year, and though having reference to a small section of 
the province of Guyana, in Venezuela, yet are applicable to an ex- 
tensive area. The leading geological features are presented in a line 
of section from the Orinoco, proceeding in a southerly direction; my 
examination extended to the newly discovered auriferous district of 
Caratal, distant about 140 miles in a right line from Las Tablas, on 
the Orinoco. 

A few words in elucidation of the physical features of the country, 
will assist the reader in tracing out the leading geological charac- 
teristics of Guyana. 

Skirting the Orinoco are the Llanos; these, as elsewhere, are 
characterized by a growth of coarse grass, Cyperacee, and shrubby 
trees, the chief of which, and often the only species, is the chaparro 
(Curtella Americana); the soil is of the poorest description, being a 
loose sand, highly absorbent and of great heat-radiating power. 

* The amount in 1866 by no means represents the entire quantity obtained, as 
a great deal was then smuggled to avoid an export duty of 10 per cent. In 1868 
the working of the Callao mine was impeded by water. 
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At the distance of fifteen miles or so from the river, the land rises 
into scarped, low, more or less wooded heights, constituting the 
serranos, interspersed with grassy slopes and plains. These ser- 
ranos by easy gradations lead us on to the range of the Itacama 
Mountains, which trend east and west and attain an elevation of 
about 3000 feet. The range occupies a breadth of about sixty miles ; 
and its southern slope is bounded by an undulating grassy plain 
presenting an aspect similar to that of the Llanos, excepting that 
woodlands occupy the margins of the streams, and that a species 
of palm grows on the moister portions of the soil. This plain, 
the mean elevation of which is about 800 feet above the sea-level, 
stretches southward as far as the river Yuruari, which marks off the 
savannah from the forest-region of the Caratal, the subsoil of which is 
a ferruginous clay affording firm attachment for timber trees of 
large growth. The Caratal district, so far as it is known, is broken 
up into ridges and peaks of about 1500-2000 feet elevation, with 
narrow and deep dividing valleys. 

It is to be observed that the Itacama Mountains divide the eastern 
part of Venezuelan Guyana into two hydrographical basins, to the 
north that of the Orinoco, and to the south that of the Essequibo, 
which by its tributary, the Cuyuni, and its numerous affluents 
drains the country to the south of the Itacama range, and to the 
east of the basin of the Caroni. 

II. Gzotogy or Norra-rast VenezvELA.—Mr. Wall*, in his ~ 
“Geology of a Part of Venezuela,” has described the geological 
features of a portion of Venezuela to the north of the Orinoco; and, 
so far as I can judge by reading his account, the arrangement and 
nature of the rocks in the district to the south of the river seem to 
concur in a great measure with those to the north. 

That author has established the existence :—First, of a series of 
micaceous and siliceous schists, with interbedded crystalline lime- 
stones; and ina few restricted localities the schistose beds alternate 
with gneiss. This group of metamorphic rocks, to which he has 
assigned the term Caribbean, exhibits great disturbance and contor- 
tion; the strike is ordinarily east and west; the metalliferous 
minerals are gold disseminated in gneiss west of Valencia, a sulphuret 
and carbonate of copper in the schists at Las Teques, near Caracas, 
and argentiferous galena near Carupano. Secondly, of neocomian 
strata overlying the schistose rocks to the south; and, thirdly, of an 
arenaceous series belonging to the upper miocene, and termed newer 
Parian by the author, which overlies and abuts against the neoco- 
mian rocks. In Venezuelan Guyana, the metamorphic series and the 
upper miocene strata are developed, but neocomian beds have not 
been observed. 

III. Meramorpuic Series oF VENEZUELAN Guyana.—The section 
attached (fig. 1) will suffice to show the regularity of the bedding, 
and the somewhat undisturbed conditions, of this series. The trend is 
usually east and west, and coincides with that of the Caribbean system 
of Northern Venezuela; the dip is from 70°--75°, tothenorth ordinarily ; 

* Quart. Journ. Geol. Soc. vol. xvi. p. 460 ez seg. 
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the thickness is very considerable, and the area undoubtedly great. 
The dip and strike of the rocks are given with reference to the 
magnetic meridian. The sequence of the various rocks can be made 
out with tolerable precision; on the whole the felspar predominates 
in the lower strata, whilst hornblende and mica increase in quantity 
as we rise in the series*. 

1. Felstone and Talcose Schists.—To the extreme south of the line 
of section, and beyond the river Yuruari, is situated the Caratal 
gold-field, which until the last ten years remained hidden in the soli- 
tude of the virgin forest. The auriferous veins are included chiefly 
in a felstone, “‘ piedra azul”’ of the miners, and also in a talcose schist. 
From the usual mode of association of auriferous veins with diorites 
in Central America and Bolivia, I was led at first to regard the 
chief auriferous rock of the Caratal gold-field as a diorite in which 
the hornblendic constituent was wanting; but its immediate associa- 
tion with the tale-schist, and its conformity with the metamorphic 
series of the country, have finally induced me to view it as consti- 
tuting a part thereof. Unfortunately, the absence of sections has 
prevented my satisfying myself on this point; but one section on the 
Rio Mucupio exhibits the talc-schists overlying the felstone, dipping 
together to the north at from 60°—70°, and striking west 30° north: 
there are no evidences of alteration along the line of junction; and 
elsewhere the talcose rock appears incorporated with the felstone. 

The felstone is homogeneous, of close texture, and usually semi- 
columnar ; but where it constitutes the veim-stone of the Tigre and 
Santa-Maria lodes, it contains isolated quartz-crystals and chlorite. 
To the south-west of Nueva Providencia and high up on the river 
Yguana the strike approaches north and south, and the dip is 
85°_90° westerly. 

2. Caratal Gold-field_—The auriferous area at present known is 
about twelve square miles, the whole of which is traversed by 
gold-bearing quartz-veins, averaging in thickness from 2-3 feet, 
most of which have yielded visible gold in abundance. The richness 
of some of the lodes, and of the “placer” diggings of this auriferous 
tract, fully justifies the appellation of “‘ El Dorado” which has been 
given to it; and it may be the “ El Dorado” that incited Raleigh to 
penetrate Venezuela, but which he failed to discover. 

The veins present little conformity as regards their strike; but 
many apparently trend about N.E. and 8.W.; the dip varies from 
45°-Y0°. I have obtained gold in the felstone and talc-slates, in 
the vicinity of the auriferous lodes; but it has not occurred to me 
disseminated in the main masses of these rocks. Great diversity in 
the character of the quartz prevails, so much so that specimens from 
the various lodes can in the majority of cases be readily identified, 
as, for instance, that of the Callao lode is highly vitreous, with the 
gold more or less lamelliform and arborescent; that of the Potosi 
lode is saccharoid, with finely disseminated gold, and granular gold 
localized in the parallel strings of hematite, which also are rich in 

* [Specimens of rocks and minerals, in illustration of this paper, have been 
presented by the Author to the Society.—Enr. ] 
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sulphuret of silver; that of the Corinna lode is largely mixed with 
psilomelane, whilst that of the Tigre lode is a jaspery quartz highly 
charged with auriferous iron-pyrites. The accompanying metalli- 
ferous minerals observed are few in number: hematite, red and 
brown, psilomelane, sulphuret of silver, and iron-pyrites are of 
frequent occurrence, whilst cinnabar, galena, and carbonate of copper 
have been found only as isolated specimens. 

3. Quartztes, Gneissic and Hornblendic Rocks. Pasa to the 
north, the felstone is bounded by a band of jaspery quartzite ; it is 
traceable from the west of Callao, along the margin of the Yuruari, 
to below the Tupuquen ford, a distance of about three miles; the 
quartzite resembles a jaspery quartz that is met with in several of 
the auriferous lodes, but it differs in the absence of iron-pyrites, and 
in its more saccharoid texture; and as its trend conforms to that of 
the rocks to the north and south, it must be regarded as one of those 
masses of quartzites which alternate with the gneissic rocks to the 
north. 

From the river Vurwari to the river Orinoco, the chuaeet oxtulaiken 
are a great breadth of gneiss and gneissoid rocks, and narrower 
bands of hornblende-slate and quartzite. To the south of the town 
of Guasipati, blocks of quartzite are scattered about upon an argilla- 
ceous surface, undoubtedly resulting from the decomposition of 
gneiss in place; this quartzite is semicrystalline and micaceous. 
Again, some fifteen miles to the north of Guasipati, as near the 
rancho of Platanal, the savannah presents the appearance of a vast 
cemetery from the varied masses of a semivitreous quartzite; and as 
similar masses occur to the west, they indicate a band of quartzite 
two or three miles in breadth coursing about east and west. But 
in the neighbourhood of Upata, the quartz blocks which strew the 
undulating ground are largely caverned by casts of ron and 
are probably of vein-origin. 

The gneiss with its interstratified quartzite oxtenils from te river 
Yuruari, to near the rancho of San José, where a narrow strip of 
amphibole- schist appears, striking east and west, and dipping to the 
north; a narrow band of gneiss separates it from a similar. rock 
which. extends from the rancho of Santa Anna, to the north of that 
of Candelaria, a distance of about twelve miles; in the bed of the 
river Carichapo, near Candelaria, this rock strikes east and west with . 
a dip to the south of about 85°; it here encloses non-auriferous 
quartz-veins. 

Before reaching the ford of the Carichapo, north of ‘Candelaria, 
gneiss appears, and continues with some variation in its constituent 
minerals to the banks of the Orinoco. At Upata the prevailing 
variety is a porphyritic felstone, succeeded to the north by a true 
gneiss, in which the foliation is obscure, but, when viewed on an 
extensive scale, is generally that of the strike of the beds, which 
was ascertained to be west 15° north ; in some instances the foliation 
was south-west and north-east. To the north of the rancho of 
Guacaima and nearer to the Orinoco, the mica of the gneiss is re- 
placed by hornblende; and near Las Tablas, and around Bolivar, the 
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gneissis granitoid. Skirting both banks of the Orinoco, and lying be- 
yond the granitoid gneiss are hummocky protuberances of hornblende 
rock, highly crystalline,and containing garnets ; the rock is jointed by 
partition planes, having a north and south bearing, and is in part 
further broken up into rhomboidal masses. 

There is great presumptive evidence that these gneissic rocks, as 
well as those of northern Venezuela, contain disseminated gold, as 
the sands of most of the streams flowing from the Itacama mountains 
have yielded gold in a fine state of division; the stratified débris of 
these rocks, at San Isidore, show on assay as much as 44 ounces of 
gold per ton*. The region occupied by the gneiss is comparatively 
easy of exploration, and has been well prospected for gold-veins, 
but up to the present time without success. 

The gneiss, three miles to the north of Upata, contains a rich 
deposit of red hematite; this was observed on the slopes of two 
hills, about two miles apart, and it is highly probable that the 
ferruginous mass is interstratified with the gneiss. Mr. Siegert, a 
local surveyor, has discovered in this neighbourhood evidences of 
ancient metallurgical operations for the reduction of silver. 

4. Conjectures as to the Age of the Auriferous Series—From the 
known distribution of gold in the rocks of the American continent, 
speculations as to the relative age of the auriferous rocks of Vene- 
zuelan Guyana will be necessarily directed to the Silurian and Oolitic 
strata. But as the Oolitic rocks are only auriferous by the intrusion 
of certain diorites, and as such do not appear to have played any 
part in the development of gold in the rocks of the district under 
consideration, there remains but the inquiry into the evidences of 
their being of Silurian age. The metamorphic series of Northern 
Venezuela, which I regard as contemporaneous with that of Guyana, 
is overlain by unmetamorphosed Neocomian strata ; but as “ the rela- 
tions of junction of the two formations remain obscure” +, we have 
no certain data as to their age, except that they are precretaceous. 
Mr. David Forbest has determined that the eminently auriferous 
rocks of Bolivia belong to the Silurian system; and though consisting 
chietly of clay-slate, shales, and grauwackes, yet this author refers the 
gneissic and metamorphic schistose rocks in the desert of Atacama 
to the same series. The mineral contents of the auriferous rocks of 
Guyana have not been sufficiently ascertained to afford data for the 
determination of the age of the rocks by analogy of the mineralogical 
features. And though the contemporaneity of these auriferous 
metamorphic rocks with those of Bolivia has not been proven, yet 
the balance of evidence is in favour of such association, rather than 
with the Oolitic series of the same country. 

IV. Intrusive Rocxs.—Narrow dykes of basalt were noticed tra- 
versing the gneiss, between the rancho of Santa Anna and Guasipati ; 
and blocks of greenstone were observed, but not in srtu, at Upata. 

VY. Srratirrep Derrirat Deposits or raz Liuanos.—The arenaceous 

* El Boletin Comercial: Bolivar, March 1867. 
t Wall, loc. cit. p. 465. 
t Quart. Journ. Geol. Soe. vol. xvii. p. 53 et segq. 
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series skirting the Orinoco, and abutting against the northern escarp- 
ment of the Itacama range of mountains is indubitably an extension 
of the Newer Parian of Mr. Wall, which occupies the grassy plains to 
the north of the river. In the neighbourhood of Bolivar its rocks rest 
against the metamorphic boss on which the city stands, and consist 
of a yellow sand-rock below, passing upwards into a red sandstone, 
which in places is highly ferruginous ; surmounting the latter is a 
quartose conglomerate in an iron-stone paste; the pebbles are of the 
size of marbles and are well water-worn. The whole of this series 
stretches far away in every direction from Bolivar, and has a slight 
dip to the north. The broad valley of San Rafael with its low 
mural cliffs of from thirty to fifty feet in height is excavated 
in the yellow sand-rock; and the same series of strata forms 
the banks of the Orinoco. No fossils were observed in the sandstone 
beds; but elongated cavities within the sand-rock appear to have 
been occupied by fragments of the stems or roots of plants. 

That these arenaceous strata have originated from the wear and 
tear of the metamorphic rocks is satisfactorily proved by sections 
exhibiting the relation between the two series (see fig. 2). 

Resting on the granitoid gneiss is a loose ferruginous conglome- 
rate containing large blocks of angular quartz, fragments of mica- 
slate, &c., the constituents becoming finer and rounder as they are 
traced from the insular mass around which they have been collected. 

Alluding to the probable origin of the Pitch lake, of Trinidad, Sir 
Charles Lyell*, quoting Dr. Nugent, writes that ‘“‘ the Orinoco has 
for ages been rolling down great quantities of woody and vegetable 

' bodies into the surrounding sea, where, by the influence of currents 
and eddies they may be arrested and accumulated in particular 
places ...., and that these vegetable substances may have under- 
gone those transformations and chemical changes which produce 
petroleum.” My observations do not confirm the speculation put 
forth by this author as to the part played by the Orinoco. The 
identity of the arenaceous strata of the Llanos of the Orinoco, which in 
places are also lignitiferous and asphaltitic, with the similar strata of 
the Moruga and Caroni series in Trinidad may be considered certain ; 
and as the bed of the Orinoco, from Ciudad Bolivar (certainly so far 
west) to the apex of the delta, is excavated in these same strata, it 
is quite clear that the present river-valley is of more recent origin 
than those beds to the accumulation of which, in the paragraph 
quoted, it is implied the river has contributed. 

From the absence of fossils, other than vegetable remains, in the 
Llanos-sandstones, and the presence of marine shells at Cumana and 
in Trinidad, it appears highly probable that the arenaceous series of 
the Llanos have been deposited in a shallow estuary, whilst the pre- 
sent littoral areas of the same series have been accumulated under 
marine conditions, 

VI. SupERFicIaL accumuLATions oF Liwonite.—A striking feature 
of the surface of much of the country passed under review, is the 
presence of a hydrous oxide of iron—the moco de hierro of the 

* Principles of Geology, 9th edit. p. 250. mone 
B 
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miners. In the mining district it is in the form of vesicular masses, 
of one or two cubic feet contents as a maximum. It frequently 
cements fragments of vein-quartz to form a breccia; and small nug- 
gets of gold are not unfrequently found imbedded in it: even when 
occurring dissociated from these masses, they are more or less 
coated with the mineral. On the gneissic surface the ferruginous 
agelomerations do not exceed the size of an orange, and usually 
enclose rounded pebbles. The origin of this mineral is to be sought 
for in the decomposition of the iron-pyrites of the lodes and that of 
the ferruginous minerals that enter into the composition of the meta- 
morphic rocks. The limonite abounds on the north slope of the ridge, 
carrying the Tigre lode, and in parts of the Potosi estate, in which 
instances they are in proximity to pyritous lodes. On the gneissic 
area they are more abundant between Guacaima and Upata, where 
the gneiss is hornblendic. The greater abundance of this mineral 
in the mining-district is to be ascribed to the relatively larger store 
of iron in the rocks constituting this tract. 

VIL. SupprementaL Norzs on tHE Grotoey or Norru-wesr Vz- 
NEZUELA.—My friend, F. Mathews, Esq., C.E., has presented to the 
Society a series of minerals and rock-specimens from the province of 
Cora, from which we learn that the cupriferous veins of Aroa, near 
San Felipe, are contained in a mica slate, which is probably an ex- 
tension of the metamorphic series of Valencia described by Mr. 
Wall. Specimens of lignite and brown coal point to the existence 
of the Upper Miocene in the province of Cora. And this gentle- 
man has noted the occurrence of a shell-bed at Tucacas, extending 
three miles inland, and attaining an elevation of 30 feet. The © 
shells are species of Tellina, Cardwum, Venus, &c., and are identical 
with those of the present beach. 

a 

5. On the Nature and Cavs of the Guactat CLImatTe. 
By Joszpu Joun Mourpny, Esq., F.G.S. 

In the present paper I purpose to show how far I agree with, and 
where I differ from, Mr. Croll as to the views on the cause of the 
glacial climate set forth in his paper in the ‘ Philosophical Maga- 
zine’ for August 1864. 

Mr. Croll’s conclusions may be stated in the three following pro- 
positions :— 

1. A glacial period occurs when the excentricity of the earth’s 
orbit is at a maximum, and the solstices fall when the earth is in 
perihelio and in aphelio. 

2. Only one hemisphere, the northern or the southern, has a 
glacial climate at the same time. 

3. The glaciated hemisphere is that of which the winter occurs in 
aphelio. 

I agree with Mr. Croll as to the first two propositions, but differ 
as to the third. I believe that the glaciated hemisphere is that . of 
which the swmmer occurs in aphelio. 
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The following propositions are self-evident when stated :— 
When the excentricity of the earth’s orbit is very considerable, 

and the winter of either hemisphere occurs in perihelio and its 
summer in aphelio, the nearness of the sun in winter will cause a 
mild winter, and his remoteness in summer will cause a cool 
summer. 

Conversely, in the opposite hemisphere at the same time, the 
winter will occur in aphelio and the summer in perihelio: the re- 
moteness of the sun in winter will cause a cold winter, and his 
nearness in summer will cause a hot summer. 

Suppose, for instance, that when the excentricity of the earth’s 
orbit is much greater than at present, the midwinter of the Northern 
hemisphere occurs in perihelio: then 

the Northern hemisphere will have a mild winter and cool summer, 
the Southern hemisphere will have a cold winter and hot summer. 

So far (granting Mr. Croll’s astronomical data, for which he cites 
Leverrier, and which I believe are indisputable) there is no room for 
doubt. I have now to discuss the question, what effect these diver- 
sities of climate will have in producing glaciation. 

Mr. Croll thinks the hemisphere of cold winter will be the glaciated 
one. I think, on the contrary, the hemisphere of cool summer will 
be the glaciated one. 

On this subject it is needless to attempt to make any deductions 
from theory. We have plenty of observed data; and I think I can 
show that they all go to prove a cool summer to be what most pro- 
motes glaciation, while a cold winter has, usually, no effect on it 
whatever. 

Forbes, in his work on Norway and its Glaciers, p. 206, quotes 
“‘ the excellent generalization of von Buch, that itis the temperature of 
the summer months which determines the plane of perpetual snow.” 
This indeed is almost an identical proposition ; for perpetual snow is 
snow that les through the heats of summer; and it would appear 
obvious enough, had it not been frequently overlooked, that it must 
be the temperature of summer which, other things being equal, de- 
termines the level of summer snow. 

But, according to the same authority (Forbes’s ‘ Norway and its 
Glaciers,’ p. 206), “another cause affecting exceedingly the level of 
the snow-line is the amount of snow which falls.” 

These laws are illustrated in detail by the following table. In 
constructing it I have assumed, what is tolerably near the truth, 
that the temperature of the hottest month of the year decreases in 
ascending at the rate of 1° F. for every 300 feet. The tem- 
peratures are taken, as accurately as I have been able to do it, 
from Dove’s map. My authorities for the heights of the snow- 
line are, for the first four, Durocher as quoted by Mr. Hopkins 
in the ‘ Proceedings of the Geological Society’ for Dec. 17, 1851, 
for the rest, Mrs. Somerville’s ‘ Physical Geography,’ p. 314. The 
temperatures are in degrees of Fahrenheit. The heights are in 
feet >)... aig Ts : ; 
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Temperature of Height of 32° 
hottest month F. in hottest ele gao 
at sea level. month. sno Stee: 

BEY EOUICES. eos oi. ahs hs Gatton hie ete T4:5 12750 9300 
@aMCasus’ ".'.. cud. peer caer. we 13500 10300 
Kromt Blane <. "Meee neces 72:5 12150 9000 
ermese Als: 8c tere ter eae eae 72°5 12150 8800 
Scandinavian Fyelde 61°43’ N..... 59 8100 5500 
Mageroe, Norway, extreme north 45:5 4050 2160 
Himalaya, about 31° N., north side 83°75 15525 16620 
The same, ad south side 83°75 15525 12980 
Andes, nedr‘Qinto (7070-0). oe 79°25 14175 15795 

do. STG. ies eee heen cece 14850 14772 
do. near Valparaiso (.2..a- 2 68 10800 12780 
MOM GST AO! OH SR OG 63°5 9450 7960 

Straits of Magellan .:.4.0.4.2. 45:5 4050 3390 

It is evident by this table that the snow-line rises above the line 
of 32° for the hottest month of the year where the snow-fall is small, 
and sinks below it where the snow-fall is great. In the Caucasus, 
the Alps, and the Pyrenees, the snow-line is about three-fourths of 
the height of the line of 32° for the hottest month of the year; in 
the Fjelde of Norway, about two-thirds; in the Peruvian and 
Chilian Andes above, but in Patagonia and Tierra del Fuego below ; 
above, on the north side of the Himalaya, but below on the south 
side. These contrasts are all to be explained by the difference 
in the amount of snow-fall, which is greater on the south than on 
the north side of the Himalaya, greater in Patagonia and Tierra del 
Fuego than in Chilé and Peru, and probably greater, at least in 
winter, in Norway than in Central, Southern, or Eastern Europe. 

The dependence of the height of the snow-line on summer tempe- 
rature and on amount of snow-fall, to the exclusion of winter tem- 
perature, may be best shown, perhaps, by two extreme cases. The 
mean temperature of the Altai mountains (according to Mr. Hop- 
kins’s paper cited above) is below freezing; yet, in consequence 
of the comparatively warm summer, and the small snow-fall, 
the height of the snow-line (Mrs. Somerville’s ‘ Physical Geogra- 
phy,’ p. 61) is about 6000 feet. On the Straits of Magellan, on the 
contrary, though the mean temperature is several degrees above 
freezing, the height of the snow-line (see table) is little more than 
half as much. 

It is well known that, other things being equal, the magnitude of 
glaciers depends on that of the snow-fields in which they rise; and 
as of course any depression of the snow-line will enlarge the snow- 
field, it follows that the lower the snow-line the further will the 
glaciers descend below-it. As a decrease of about 3° F. is due to 
every 1000 feet of ascent in the hottest month, it follows that a fall 
of temperature to that extent in the hottest month would lower the 
snow-line by about 1000 feet; andin many cases if; is likely that the 
glaciers in such a case would descend 1000 feet further below the 
snow-line than at present, thus gaining a total increase of 2000 feet 
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of descent. This might not have much effect on the climate of 
Central Europe, but it would have a very great effect in those high 
latitudes where the glaciers would reach the sea and give origin to 
icebergs ; for we know that icebergs have great influence as trans- 
porters of cold. 

In particular cases the effect of a comparatively slight fall of 
summer temperature would be very great. J quote from Forbes’s 
‘ Norway and its Glaciers,’ p. 215 :— 

“Though the surface actually covered by perpetual snow in Nor- 
way be small, yet the mountainous districts and tablelands every- 
where approach it so nearly that the snow-plane may be said to 
hover over the peninsula, and any cause which should lower it even 
a little would plunge a great part of the country under a mantle of 
frost.” 

And again, p. 243 :— 
“It is exceedingly probable that a diminution of the temperature 

of the summer months by 4° only would at once place one-fourth of 
the surface of Norway within the snow-line; and so vast a mass of 
snow would refrigerate the climate, especially the summer tempera- 
ture, to such a degree as would unquestionably pour glaciers into 
the head of every fiord in western Norway. . . . The lowering 
of the snow-line over so large a surface would deteriorate the climate 
and lower the mean temperature, which would lower the snow-line 
still further.” 

The change in the eccentricity of the earth’s orbit is in all proba- 
bility amply sufficient to account for this or a much greater change 
in summer temperature. 

I take the following data from Mr. Croll’s paper. The recently 
ascertained error in the old determinations of the sun’s distance affects 
both distances alike, and consequently does not affect their ratio. 
Along with the maximum distances of the sun at present and at 
greatest excentricity, I state the proportionate quantities of heat the 
earth will receive under those two different conditions :— 

Sun’s maximum Ratio of heat 
distance. received. 

ReCocesettet. See ey, 96,473,205 miles .... 100 
At greatest excentricity,. 102,256,873 _,, ate! LOO 

So that in the one case the earth receives about one-tenth less heat 
than in the other. 

The sun’s maximum distance occurs at present a little after the 
midsummer of the northern hemisphere. When it occurred at the 
same time of the year during the period of greatest excentricity, 
the earth at our midsummer was receiving only nine-tenths of the 
quantity of heat which it now receives at that time of the year. EI 
cannot calculate the effect on climate; but it must have been very 
great, not only directly, by depressing the snow-line, but, as Forbes 
remarks in the place cited above, indirectly by chilling the air—and, 
I will add, by filling the North Sea with the icebergs which must 
have broken off from the glaciers that filled the Norwegian fiords, as 
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they do now from the glaciers of Greenland. We have plenty of 
evidence of iceberg action during the glacial period. 

I believe I have shown that glaciation depends chiefly on a cold 
summer, but partly also on an abundant snow-fall. I have now to 
show that a period of cold summers, caused as I have explained, 
must be also one of snowy winters; so that the two conditions 
favourable to glaciation will occur together. 

During the mild winter of the glaciated hemisphere, there is a 
hot summer in the opposite one. Increase of temperature promotes 
increase of evaporation in a much greater ratio than that of the 
increase of temperature; and increased evaporation in the summer 
hemisphere will produce increased snow-fall in the winter one. We 
know that at present the vapour raised in one hemisphere is to a 
great extent precipitated in the other; for, were it not so, the 
southern hemisphere, by reason of its greater extent of ocean sur- 
face, would have a rainier climate than the northern; and such does 
not appear to be the case on the whole. Besides, during a glacial 
period, the atmospheric circulation between the two hemispheres, at 
the time of the earth’s minimum distance from the sun (which on 
my theory was in the winter of the glaciated hemisphere), must be 
more active than ever it is now; for when the earth, at either sol- 
stice, was nearer. the sun than is ever the case now, and the differ- 
ence of temperature between the two hemispheres consequently at 
its greatest possible amount, this would produce a very active circu- 
lation of atmospheric currents between the two hemispheres, which 
would involve the deposition as rain or snow in the winter hemi- 
sphere of a great part of the moisture evaporated in the summer one. 

Some interesting collateral observations remain to be made. 
I believe that the foregoing remarks furnish the explanation of a 

very remarkable fact in physical geography. Not many coasts in 
the world are cut up into fiords; and all, or nearly all, that are so, 
are western coasts in high latitudes. The fiord formation is found 
in North-western Europe, including Norway, the west of Scotland, 
and the west of Ireland, in North America from Vancouver’s Island 
northwards, and in South America from the island of Chiloe south- 
wards. From Vancouver’s Island to Chiloe.is an immense stretch 
of nearly straight coast-line ; but at those limits its character changes 
quite abruptly. The transition from straight to indented coast-lines 
coincides pretty nearly with that from dry to moist climates; and 
the change from the dry climate of Chilé to the moist one of western 
Patagonia is accompanied, as we might expect, by a great depression 
in the snow-line on the Andes. (See tabular statement above.) It 
is now generally believed that the prevalence of lakes in high lati- 
tudes is, in some way, a result of glacial action; it can scarcely be 
doubted that this is equally true. of fiords; and the coasts I have. 
mentioned are those on which glacial action must necessarily be the 
most energetic, because west coasts, in high latitudes, are exposed 
to west winds (Maury’s “ countertrades”’), which deposit on the 
mountains in snow the moisture they have taken up from the sea. 

Geologists appear to be now agreed that the carboniferous climate. 
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was not one of great heat, but moderate and moist. If so, the gla- 
cial and the carboniferous climates may have coexisted, being only 
separated by a few degrees of latitude. We see an approach to such 
a state of things at present; in the straits of Magellan the climate 
is so far glacial that glaciers reach the sea and give origin to ice- 
bergs, while in the Falklands it is so far carboniferous that all the 
vegetation, and that not mosses but flowering plants, is converted 
when dead into peat. 

If I am right that both hemispheres were never glaciated at once, 
it follows that the equatorial regions were never glaciated at all; 
and this accounts for what Darwin remarks with surprise, that the 
vegetable species of the tropics have undergone much less extinction 
during the glacial period than might have been expected (‘ Origin 
of Species,’ 4th edition, p. 454). But he regards it as proved that 
at a comparatively recent period, which in all probability was the 
glacial, there has been a good deal of intermigration of species be- 
tween the two temperate zones, which must have crossed the equa- 
tor when its temperature was cooler than itis now. Both of these 
facts may be explained by supposing, what is in itself very probable, 
that during the glacial period the equatorial climate was much what 
it is now, except in some places which were cooled by ice-bearing 
currents. The floating ice would also be a most efficient agent in 
transporting seeds. Agassiz and Mr. Wallace have found traces of 
glacial action in the valley of the Amazon—action of icebergs pro- 
bably, not glaciers ; for no one supposes that the valley of the Amazon, 
from the Andes to the Atlantic, was ever filled with a glacier (Alfred 
R. Wallace on Ice-marks in North Wales, ‘ Quarterly Journal of Sci- 
ence,’ Jan. 1867). 

M. Martins (in his article on “ Les Glaciers actuels et la Période 
Glaciaire,’” Revue des deux Mondes, March 1, 1867) objects to Mr. 
Croll’s theory, that it would require the glacial periods of the two 
hemispheres to have occurred at different times, while geological 
evidence shows that they occurred at the same time. If this ob- 
jection is valid against Mr. Croll’s theory, it is equally valid against 
mine ; for mine is, in fact, only Mr. Croll’s inverted: his theory and 
mine place the glacial epochs of the opposite hemispheres in opposite 
periods of the same cycle. 

I reply to this that geological evidence does not and cannot show 
whether a glacial period in the northern hemisphere and in the 
southern—in Scotland, for instance, and in Patagonia— were actually 
contemporary or separated by an interval of several thousand years. 
The period during which the excentricity of the earth’s orbit is near 
its maximum is very long, several times 25,000 years. The pre- 
cession of the equinoxes completes its cycle in 25,000 years, at the 
end of which time will recur the same position of the solstices with 
respect to the earth’s perihelion and aphelion. According to my 
theory a glacial period occurs during the period of the greatest ex- 
centricity of the earth’s orbit, at the time when the earth’s aphelion 
is near the summer solstice; consequently it would occur in the 
same hemisphere after an interval of 25,000 years, and in the oppo- 
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site hemisphere after half that interval, or 12,500 years. Now no 
geological evidence could detect an interval of 12,500 years between 
the dates of glacial scratches or of beds of drift in widely separated 
regions, such as Scotland and Patagonia. But according to M. Mar- 
tins there is geological evidence of at least two glacial periods, with 
a geologically short interval between them; and such recurrent 
glacial periods ought to be expected on either Mr. Croll’s theory or 
mine. 

It is to be observed, in conclusion, that Mr. Croll’s reasoning and 
mine leave untouched the arguments by which Sir Charles Lyell 
has endeavoured to show how all changes of climate may be referred 
to geographical causes, especially to changes in the distribution of 
land and water, and changes in the direction of the ocean-currents 
produced by these. The climate of any region at any period is due 
to a complication of causes, some of which are geographical, and 
some astronomical. Sir Charles Lyell has dealt with the geogra- 
phical ones, Mr. Croll and I with the astronomical ones. There is 
no doubt that the geographical causes of changes of climate are 
vere cause; but it is not so certain that they are fully adequate to 
account for the facts. It is equally certain that the astronomical 
causes also are vere cause; and I have endeavoured to show what 
their mode of operation must be. 

Discussion. 

Prof. Ramsay remarked that Prof. Dana and himself had both 
referred the origin of many fjords to the same cause as the author. 
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Norice of PLant-REMAINS from BEDS INTERSTRATIFIED with the Basar 
in the County of Antrim. By Witiiam Hetrier Batty, Esq., 
F.LS., F.G.8. 

(Read January 27, 1869*). 

[Puates XIV. & XV.] 

THE existence of deposits containing vegetable remains, interstra- 
tified with the basaltic rocks of the Island of Mull, was first made 
known by the Duke of Argyll, through the medium of this Society, 
in January 1851 rT. 

This important discovery, from its supplying reliable, indications 
as to the climatal condition and period of eruption of the basaltic 
rocks of that portion of Scotlarfd, also led to the inference that a 
corresponding age might reasonably be assigned to the basalt of the 
north of Ireland, a conjecture which could only be satisfactorily 
determined by actual proof of the association of similar plant-beds 
with the basaltic rocks of that part of the country. 

This question is now rendered capable of solution by the required 
evidence having been obtained, during the progress of the Geological 
Survey of Ireland, in the neighbourhood of Antrim, where the “late 
Mr. G. V. Du Noyer, District Surveyor, discovered a bed containing 
fossil plants, a large proportion of which are dicotyledonous leaves, 
interstratified with and lying between masses of basalt, and therefore 
occurring under very similar conditions to the leaf-beds of the Isle 
of Mull. 

This plant-bed was exposed in a cutting through the basalt on 
the Belfast and Northern Counties Railway, between Templepatrick 
and Doagh Stations, about seven miles east of Antrim. From a 
rough section furnished me by Mr. Du Noyer in September 1868, 
the following measurements and descriptions are taken, the beds 
being enumerated in descending order. 

* For the Discussion on this paper, see p. 162 of the present volume. 
+ “On Tertiary Leaf-beds in the Isle of Mull. With a Note on the Vegetable 

remains from Ardtun Head, By Prof. E. Forbes” (Quart. Journ. Geol. Soc. 
vol. vii. 1851, p. 89). 
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(1) Basalt, 15 feet; (2) brown earth, 3 inches; (8) layer of 
impure earthy lignite, 8 to 12 inches; (4) brown and red bole or 
earth becoming red at the lower portion and passing into the plant- 
layer, no. 5; (5) plant-layer, 4 to 8 inches thick; (6) conglo- 
merate bed, principally composed of ironstone nodules, probable 
thickness 10 or 12 feet; (7) rails resting on basalt. 

The condition in which these plant-remains are found is not 
quite se favourable for determination as that of those from the Isle of 
Mull: the fossils under consideration occur in a red clay, some 
parts of which are more or less arenaceous ; the impressions, although 
preserving the outline of the leaf, do not in many cases show clearly 
the important character of venation*. 

In addition to the specimens obtained by Mr. Du Noyer, a large 
number were collected by Mr. M‘Henry, also of the Geological Survey, 
many of them from another part of the same railway-cutting ; and 
although the series contains some well-defined examples of the ve- 
getation of the period, it does not include a very great variety of 
forms. 

The only specimen in which the generic character can be decided 
upon with any degree of certainty is that of a Fir-cone, named by 
me Pinus Plutonis, Pl. XV. fig. 1,a&6; this cone may be compared 
with that of the Pinus pinaster or Cluster Pine, especially to the 
variety maritimus, the fruit of which is composed of large and hard 
scales}; in the collection are also many fragments of the branches 
of another coniferous tree, the stem of which was covered with 
small elongated tapering leaves, Pl. XY. fig.4,a&6. Ihave named 
this Sequoia Du Noyeri, in memory of the lamented gentleman to 
whom we owe the discovery of this plant-bed. It resembles very 
closely Sequoia Sternberg, Heert, from Iceland, but differs in the 
relative size and closer arrangement of the leaves on the stem. The 
only recent example with which I had an opportunity of comparing 
it was Sequoia sempervirens, the Red Cedar of California; the more 
open arrangement of the leaves on the branches of that tree offers, 
however, a closer comparison with the fossil plant from the Isle of 
Mull, doubtfully referred by Professor Forbes to Taaites§; I think 

* In reply to a remark made during the discussion on this paper, at the read- 
ing of which the author was unavoidably absent, he begs to state that whilst 
fully impressed with the desirability of using great caution in the determination 
of species from insufficient data, he feels quite justified in applying names to such 
specimens as the Sequoia, Pinus, and Cupressites, with respect to the generic 
affinities of which there can be but little.doubt ; the remaining specimens, prin- 
cipally leaves, he did not attempt to identify positively, but, after careful com- 
parison with the works of Unger, Massalongo, Heer, &c., merely ventured to 
suggest the possibility of their belonging to certain genera and species figured by 
those authors from probably contemporaneous deposits. In reference to this 
subject the author would beg to refer to Prof. Forbes’s remarks on the fossil plants 
he named _ from the Isle of Mull, anticipating an objection of this kind, in his 
note to the Duke of Argyll’s paper before cited. 

t These cones, which must have been at least 3 inches long, are called by the 
workmen employed in excavating the iron-ore “ Firs ;” they occur in a black 
carbonized condition, and are said by them to be not unfrequent, 

{ Flora Fossilis Arctica, p. 140, pl. 24. fig. 9. 
§ Quart. Journ. Geol. Soe. vol. vii. pl. 2. fig. 1. 
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it therefore very possible that fossil may have belonged to the same 
genus*. 
A small cone is perhaps the fruit of the fossil I have figured as 

Sequoia Du Noyert. Fragments of other fossils such as that drawn 
on Pl. XV. fig. 5, a & 6, I have referred to Cupressites, naming the 
species C. MacHenru: the imbricated character due to the peculiar 
arrangement of the leaves on the terminal branches is very evident 
in some specimens, resembling very closely that of the ordinary 
Cypress, Cupressus sempervirens. 
A large proportion of these fossils consists of leaves of Dicotyle- 

donous plants, the principal varieties being shown on Pl. XIV. Most 
abundant amongst them are ovate and acuminate leaves, with entire 
or non-serrate margins, and a simple character of venation (Pl. XTV. 
figs. 7, 8); they resemble so nearly some of the species of Rhamnus 
figured by Prof. A. Massalongo in ‘Flora Fossile Senigalliese, and 
by Dr. Oswald Heer in ‘Flora Fossilis Arctica,’ as to induce the 
belief in the probability of their generic identity, and of their having 
belonged to trees or shrubs of the Rhamnacee or Buckthorn Order. 
Some linear-lanceolate leaves, having entire margins and a strong 
midrib, on which, however, no other trace of venation is perceptible 
(PL XIV. figs. 3, 4), are so much like those figured by Massalongo 
under the names of Olea and Andromeda, as to have probably be- 
longed to the Order Oleacez. 
A large ovate leaf (Pl. XIV. fig. 2) having an obsoletely serrated 

margin is comparable with species of Fagus figured by both Massa- 
longo and Heer, approaching very closely to Fagus incerta, Massal.t 
Other leaves (Pl. XIV. figs. 5,6), tapering at each extremity and having 
closely arranged ribs and a non-serrated margin, resemble some 
forms of Quercus, such as Q. nerezfolia, in ‘ Flora Foss. Senigalliese, 
pl. 31. f. 6, and the evergreen oak, Q. clex. 

Parallel-ribbed stems or leaves of Endogenous plants, such as 
may have belonged to Sedges or Grasses, are not unfrequent in the 
collection. 
A large mass of fossil wood partially oxidized was procured from 

the bed with iron-ore ; it exhibits the structure very clearly, and is 
evidently dicotyledonoust. 

Several fruit- or seed-vessels of different kinds, some of which are 
shown on Pl. XIV. figs. 9-13, occur in the same bed, as well as a few 
remains of insects, two very small elytra or wing-cases of beetles of 

* Since the above paper was read, I find on looking into Sir Charles Lyell’s 
‘ Elements of Geology,’ sixth edition (1865), that in his account of the Isle-of- 
Mull leaf-beds he mentions, on the authority of Professor Heer, Sequoia Langs- 
dorfii as being the most prevalent conifer in those beds. The figures he gives of 
that species on pp. 261 & 262 are so much like the fossil alluded to above, and 
named by Forbes Tazites? Campbelli, that it is doubtless the species he identifies 
with S. Langsdorfii, and this is confirmatory of the remarks I had offered in the 
above paper, before seeing this paragraph, as to the probability of its belonging 
to the genus Sequoia. 

+ ‘Flora Fossile Senigalliese,’ pl. 33. fig. 6. 
t Since writing the above I have been enabled to examine this fossil wood 

with the microscope and to make out distinctly its coniferous structure, as shown 
in the enlarged representations, Pl. XV. fig. 3,a &6. 
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distinct species resembling those of some of the smaller Carabidae, 
one of them (fig. 14) having an arrangement of puncta like that on 
some of the weevils or small diamond-beetles. The only two speci- 
mens observed are very minute, and are figured on Pl. XIV. figs. 
14, 15. 
So far as can be judged from a preliminary examination such as 

this, these plant-remains from between the Basalts of Antrim appear 
to differ as a group from those obtained in corresponding beds at the 
Isle of Mull. 

The majority of the plants from the Ardtun Head, as stated by 
Professor Forbes, consisted of palmate leaves having three or more 
lobes, referred by him to Platanites*, from their resemblance to the 
Plane or Sycamore. Throughout the collection from the north of 
Ireland there is at present no evidence of any leaves of this form, 
the majority being simply ovate or lanceolate with entire margins ; 
there is, however, considerable resemblance between some of these 
and the leaves he figures under the name of Hhamnites*. 

A generic identity may also be found to exist between the plant 
I have referred to Sequoia and that doubtfully assigned by Forbes 
to Taxitest; in the former, however, the leaves are more numerous, 
surrounding the stem more closely; and it approaches so nearly 
Sequora Sternbergi, Heer, that I have but little hesitation in including 
it in the same genus. 

No indication of Ferns or Equisetum-like plants, such as were 
described from the leaf-beds of the Isle of Mull, has yet been ob- 
served amongst these Antrim fossils. The presence of large frag- 
ments of wood is also a distinctive feature amongst these plants from 
the north of Ireland, the Duke of Argyll in his description having 
specially remarked on the absence of any fragments of trees larger 
than the merest twig in the plant-deposits of the Isle of Mull. 

Although the specimens are not generally in a sufficiently perfect 
state of preservation for specific identification, there is perhaps 
enough to indicate their alliance with mid-European forms ; and 
though not specifically identical with those from the Isle of Mull, 
like them, they most probably belong to a corresponding epoch in 
geological time, that of the Miocene. : 

Description of the Species named. 

Pinus Puvuronis, Baily. Plate XV. fig. 1, a & 6, and fig. 2. 

Fruit or cone ofa Fir, ovate and elongate, composed of large broad 
scales, each marked with a semicircular and central ridge ; base of 
scales striated. Length of cone about 3 inches; diameter at widest 
part 13 inch. The separate scale (fig. 1 6) and the section on the 
same Plate (fig. 2) most probably belong to one species. 

* Platanites hebridicus, Forbes, Quart. Journ. Geol. Soc. vol. vii. pl. ii. f. 5, 
and pl.iv. f.1. Sir C. Lyell suggests the identity of this species with P. aceroides, 
‘Elements of Geology ’ (1865), p. 240. 

t Quart. Journ. Geol. Soc., vol. vii. pl. ii. figs. 2, 3, 4. 
f See ante, p. 359, and footnote. 
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Locality. Not unfrequent in the red-bole or ochre bed, which 
passes into an iron-ore deposit, interstratified with the basalt, rail- 
way-cutting between Templepatrick and Doagh stations, Belfast 
and Northern Counties Railway. 

Szevora Du Noyert, Baily Plate XV. fig. 4,a & b. 

Branches covered by closely arranged, elongate and acuminate 
leaves, each with a strong, longitudinal, median depression. 

This species is closely allied to S. Sternbergi, Goepp., sp., figured 
by Prof. Heer in ‘ Flora Fossilis Arctica’ (p. 140, pl. 24. figs. 7-10), 
but differs in the closer and more imbricated character of the ar- 
rangement of the leaves upon the stem. ; 

It occurs at the same locality and in the same deposit as the pre- 
ceding species. 

Cupressires MacHewru, Baily. Plate XV. fig. 5, a & 5. 

Leaves small and closely imbricating, branches alternating and 
divergent. 

Allied to C. pychnophylloides, Massalongo, ‘ Flora Fossile Senigal- 
liese, p. 151, pl. 5. figs. 17, 18, 19. 

In iron-ore deposit, from the same locality as the previous species. 

EXPLANATION OF PLATES. 

Illustrative of Fossil Plants from Beds interstratified with the Basalt 
of Antrim. 

PLatE XIV. 

Fig. 1. ?Platanus: a, portion of leaf showing reticulated surface; 6, part of the 
sameenlarged. This specimen has the cast of a seed impressed upon it. 

2. ? Fagus. An imperfect ovate leaf, with an obsoletely denticulate mar- 
gin; allied to Fagus incerta, Massalongo, Flora Senigalliese, pl. 30. 
fig. 3. 

. Upper portion of a narrow lanceolate leaf, probably allied to Podocarpus 
medoacensis, Mass. ibid. pl. 34. fig. 20. 

. 2? Andromeda. A small linear-lanceolate leaf, probably allied to Andro- 
meda vetulonie, Mass. ibid. pl. 34. fig. 13. 

. ? Quercus. aa are leaf, resembling that of the Evergreen Oak (Quer- 
cus Ilex). 

. P Quercus. Lanceolate leaf, tapering at each extremity, allied to Quercus 
nereifolia, A. Braun in Mass. ibid. pl. 31. fig. 6. 

. ? Rhamnus. Upper portion of an acuminate leaf resembling Rhamnus 
Dechenii, Web. in Mass. ibid. plates 26 & 27, and 30. fig. 7. 

8. ? Rhamnus. Portion of an acuminate leaf, most probably identical with 
the preceding (fig. 7). 

9, 10, 11, 12, 13. Carpolithes, undetermined. 
14. a. Elytron of a small beetle with peculiar punctation (enlarged); 3, 

a single punctum more highly magnified. 
15. Elytron of a small beetle, rather larger in size than the preceding one 

(fig. y and with more closely set and more numerous puncta (en- 
larged). 

These minute wing-cases, the natural size of which is shown by the ad- 
jacent lines, in shape and mode of punctation are not unlike those of the 

TO oO PP & 
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Weevil-tribe, Rhynchophora (especially the genus Apion), which are phy- 
tophagous. The one represented by fig. 14 in the peculiar character of 
its puncta especially reminds us of the markings on some insects of the 
subfamily Entimides, to which the Diamond-Beetle belongs. 

PLATE XV. 

1. Pinus Plutonis, nu. sp.: a, cone of a Pine with large scales, allied to 
Pinus Saturni, Mass., op. cit. pl. 5. fig. 34; 6, a detached scale; c, 
a leaf, most probably of the same species. 

2. Pinus. Section of a cone, probably identical with the preceding species 
(fig. 1). 

3. Coniferous wood, highly magnified: a, longitudinal section, ligneous 
tissue, showing the punctated character of a conifer ; 6, portion of 
the same, still more highly magnified ; c, transverse section of the 
same wood, showing aeateey rays and intermediate cellular tissue. 

4. Sequoia Du Noyeri, n.s.: @, diverging branch with close-set linear- 
lanceolate leaves ; 6, enlarged portion. Allied to Sequoia Stern- 
berg?, Goepp., sp., in ‘Heer’s «Flora Fossilis Arctica,’ pl. 24. figs. 7-10. 

5. Cupressites MacHenrii, n. s.: a, portion of a small branch with im- 
bricated leaves; 5, enlarged portion. Allied to Cp pychno- 
phylloides, Mass. ibid. pl. 5. figs. 17, 18, 19. 

All the figures are of the natural size, except are otherwise stated. 
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Colliery Guardian. Vol. xvii. Nos, 419-430. 

Copenhagen. Ofversigt af Kongligen Vetenskaps-Akademiens Fér- 
handlingar. 1868. No. 8. 

Darmstadt. Notizblatt des Vereins fiir Erdkunde und verwandte 
Wissenschaften zu Darmstadt, und des mittelrheinischen geolo- 
gischen Vereins. Dritte Folge. Heft 6. (1867.) 

R. Ludwig.—Meeresthon-Schichten auf der projectirten Hisenbahn- 
linie in Rheinhessen, 106. 

Devonshire Association for the Advancement of Science. Report and 
Transactions. Vol. ii. Part 2. (1868.) 

T. M. Hall.—Mineyral localities of Devonshire, 332. 
KE. Vivian.—Evidences of Glacial Action in South Devon, 357. 
G. W. Ormerod.—Pseudomorphous crystals of chloride of sodium, 

383. 
W. Pengelly.—Condition of some of the Bones in Kent’s Cavern, 407. 
——. Submerged Forest and Pebble-ridge of Barnstaple Bay, 415. 

History of the Discovery of Fossil Fish in the Devonian Rocks 
of Deven and Cornwall, 423. 

Literature of Kent’s Cavern prior to 1859, a 5 
C 
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Dresden. Sitzungsberichte der naturwissenschaftlichen Gesellschaft: 
Isis. Jahrgang 1868. Nos. 7-9. 

A. Stelzner.—Entdeckung einer Thonschieferkuppe im Weisseritz- 
bette bei Potschappel, 94. 

O. Schneider.—Meyptens Geologie, 95. 
Auffindung der Kreideformation am Glanecker Schlossberge, 

97. 

Dublin. Journal of the Royal Dublin Society. Vol. v. No. 37. 
1868. 
k. J. Mann.—Physical Geography, Geology, and Mineralogy of 

Natal, 206. 

Edinburgh. Geological Society. Transactions. Vol.i. Parts 1 & 2. 
1868. ; 

G. C. Haswell—Lower Carponiferous Rocks exposed in Hanover 
Street, 13, 

H. A. Nicholson.—Fossils of Old Red Sandstone of Westmoreland, 15. 
J. Henderson.—Shmonia acuminata from the Pentland Hills, 18. 
A. Taylor.—Scotch and Welsh mineral-oil trades, 19. 
J. H. Campbell—On the Rhizopoda, 20. 
J. Henderson.—Three species of Trilobites from the Pentland Hills, — 

21. 
D. J. Brown and J. Henderson.—The Silurian Rocks of the Pent- 

land Hills, 23. 
J. R. 8S. Hunter.—Carboniferous strata of Carluke, 34 (table). 
H. A. Nicholson.—A new Genus of Graptolites, with notes on Re- 

productive Bodies, 57 (plate). 
F. Whymper.—Glaciers of Bute Inlet, British Columbia, 65. 
T. Smyth.—Geology of Antrim and Londonderry, 68. 
D. J. Brown.—Glaciation of Loch Skene and surrounding districts, 

81. 3 
D. Page.—Nature of Geological Evidence, 86. 
——. Practical Bearings of Geology, 97. 
W. L. Lindsay.—Gold and Gold-fields of Scotland, 105. 
James Powrie.—Old Red Sandstones of Scotland, 115. 
H. A. Nicholson.—Granite of Shap, in Westmoreland, 133. 
J. C. Howden.—Deposits at the Estuary of the South Esk, 138 

(4 plates). | Ne ae 
W. Jolly.—Evidences of Glacier Action in Galloway, 155 (plate). 
J. Powrie—On the Working together of Igneous and Denuding 

Agencies in the Formation of Scenery, 185 (plate). 
R. Brown.—Miocene Beds of Greenland, 194. 
A. M. Cockburn.—Precious Stones and Pearls of Scotland, 196. 
J. Haswell.—Flint Implements from Jubbulpore, 198, 
G. C. Haswell.—Age of Silurian Beds of the Pentland Hills, 200. — 

——. Royal Society. Proceedings. Vol. vi. No. 74. Session 
1867-68. 3 : 

Transactions.. Vol. xxv. Part 1. 1868., 

. Royal Physical Society. Proceedings.. 1865-1866, 

Geological Magazine. . Vol. vi.. Nos. 1-3. January to March 1869. 
W. Carruthers. —Coniferous fruits from British Secondary Rocks, 1 

(2 plates). : 
J. Clifton Ward,—Suggestions as to Geological Time, 8, 
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Geological Magazine. Vol. vi. Nos. 1-8 (continued). 

C. J. A. Meyer.—Red Chalk of Speeton, 13. 
J. R. Gregory.—Lignite Bed near Sone Town, 15. 
R. Owen. Castor and Tr ogontherium, 49 (plate). 
J. R. Dakyns.—Geology of the Lake District, 56. 
H. Woodward.—Man and the Mammoth, 58. 
G. Maw.—Raised Shell Beds on the Coast of Tanne? 72. 
James Geilkie.—On the Lower Boulder Clay near Glasgow, 73. 
W. Carruthers.—On Beania, a new genus of Cycadez, “O7 (plate). 
John Morris.—Geological Notes on parts of Northamptonshire and 

Lincolnshire, 99, 
H. A. Nicholson.—Geology of the Lake District, 105. 
G. H. Kinahan.—Suggestions about Denudation, 109. 
Samuel Allport.—Basalt of South Staffordshire, 115. 
J. R. Dakyns.—Note on the Green and Skiddaw Slates, 116. 
‘ Records of the Geological Survey of India,’ noticed, 17. 
Hughes’s ‘ Jherria Coal- field,’ noticed, 18. 
Gaudry’s ‘ Paleontological Address, noticed, 75. 
Pengelly’s ‘ Contributions to the Geology of Devonshire,’ noticed, 

76. 
‘Transactions of the Manchester Geological Society,’ noticed, 117. 
Orton’s ‘Over the Andes and Down the Amazons,’ noticed, 120, 
Koschkull’s ‘ Geological Notes on the Caucasus,’ noticed, 120, 
Bigsby’s ‘ Thesaurus Siluricus,’ reviewed, 20. 
Lartet and Christy’s ‘ Reliquise Aquitanice,’ reviewed, 24. 
Ansted ‘On Rock-weathering,’ reviewed, 25. 
‘Tenth Report of the Medical Officer of the Privy Council,’ reviewed, 

79. 
Twemlow’s ‘ Facts and Fossils adduced to prove the Deluge of Noah,’ 

reviewed, 81. 
Kirk’s ¢ Geological Theories,’ reviewed, 83. 
Pattison’s ‘ New Facts and Old Records,’ reviewed, 84. 
Phillips’s ‘ Vesuvius,’ reviewed, 122. 
Lobley’s ‘ Vesuvius,’ reviewed, 122. 
Roulin’s ‘Instruments en pierre découyerts dans Vile de Java,’ re- 

viewed, 125. 
Appach’s ’< Ceesar’s British Expedition,’ reviewed, 126. 
Reports of Proceedings of Societies, 26, 84, 129. 
Correspondence, 40, 91, 141. 
Miscellaneous, 96, 144. 

Geological and Natural-History Repertory. Nos. 41 & 42. J anuary 
and March 1869. 

J. D. Sainter.—Geology and Archeology of some of the Maccles- 
field Drift Beds, 269. 

Proceedings of Societies, 264, 285. 
Bibliographical Notices, 280. 

Geologists’ Association. Annual Report and List of Members. 1868. 

Institute of Actuaries. Journal. Vol. xiv. Part 6. January 1869. 

Lausanne. Bulletin de la Société Vaudoise des Sciences Naturelles. 
* Vol. x. No. 60. December 1868. 

_ EK, Rénevier.—Observations géologiques sur les Alpes de la Suisse 
centrale, 39 (plate). 
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Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie, 
und Paliontologie. 1868. Hefte 6 & 7. 

J. Barrande.—Silurische Fauna aus der Umgebung von Hofin Baiern, 
641 (2 plates). 

F. Zirkel.—Verbreitung mikroskopischer Nephelien, 697. 
— Runge.—Tertiirgebirge des Samlands, 769. 
L. Zeuschner.—Dolomit im devonischen Gebirgszuge zwischen San- 

domierz und Chenciny, 797. 
R. Blum.—Pseudomorphosen, 805. 
F, Scharffi—Der Bergkrystall von Carrara, 822. 

—. 1869. Heft 1. 

H. Credner.—Beschreibung einiger characteristischer Vorkommen 
des gediegenen Kupfers auf Keweenaw Point am Oberen See 
Nordamerika’s, 1 (plate). 

F. Romer. — Versammlung deutscher Geologen in Hildesheim, 
Schweizer Naturforscher in Einsiedeln, und uber einige mineralo- 
gische und palaontologische Sammlungen in der Schweiz und in 
Norddeutschland, 15. 

F. von Hauer.—Ergebnisse der Aufnahme der k.-k. geologischen 
; Reichsanstalt, 27. 

T. Petersen—Basalt und Hydrotachylyt von Rossdorf bei Darm- 
stadt, 52. 

C. W. C. Fuchs.—Die Laven des Vesuy, 42 (plate). 

Linnean Society. Journal. Zoology. Vol. x. No. 46. 

——. ——. Botany. Vol. x. No. 48. 

——. Proceedings 1868-69. 

London, Edinburgh, and Dublin Philosophical Magazine. Fourth 
Series. Vol. xxxyul.. Nos. 246-248. January to March 1869. 
From Dr. William Francis, F.G.S. 

James Croll.—Physical Cause of the Motion of Glaciers, 201. 
R. A. Peacock.—On Geological Time, 206, 
Geological Society’s Proceedings, 146. 

Longman’s Notes on Books. No. 56. 

Manchester. Transactions of the Manchester Geological Society. 
Vol. viii. Part 2. 

Anniversary Address of the President. 

Medical Press and Circular. New Series. Vol. vii. Nos. 1-10. 

Milan. Atti della Societa Italiana di Scienze Naturali. Vol. x. 
Fasc. 3, Fogli 18-29. 

Bombicci.—Notizie intorno alcuni minerali italiani, 109. 

“Vol. xi. Fase. 1. 

Negri.—Osservazioni geologiche dei dintorni di Varese, 440 (plate). 

: Memorie deila Secieta Italiana delle Scienze Naturali. Ser. 3. 
Tomo i. ‘Part 2. ; 
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Milan. Reale Istituto Lombardo di Scienze e Lettere. Classe di 
Scienze Matematiche e Naturali. Rendiconti. Vol. iii. Fase. x. 

December 1866. 

Vol. tv. 1867: 

Lombardini.—Studj idrologici e storici sopra il grande estuario Adri- 
atico, 171, 185, 321. 

Curioni.—Sulla carta agronomica dei dintorni di Parigi, e sulla carta 
- litologica dei mari di Francia, eseguite dal Prof. Delesse, 259. 

; . Classe di Lettere e Scienze Morali e Politiche. Ren- 
diconti. Vol. iv. 1867. 

—_. -—. —. —. Serieii. Vol.i. Fase. 1-10. 

—. —. ——. Memorie. Vol. x. Fasc.4 &5. (1867.) 

Solenni adunanze del R. Istituto Lombardo di Scienze e 
Lettere. Vol.i. Fasc.iy. 7th August, 1868. 

Monthly Microscopical Journal. Nos. 1-8. January to March 
1869. 

G. C. Wallich.—On some undescribed Testaceous Rhizopods from 
the North Atlantic Deposits, 104. 

Moscow. Bulletin de la Société Impériale des Naturalistes de Mos- 
cou. Tome xli. No.1. 1868. 

Koenen.—Die unter-oligocane Tertiar-Fauna yom Aralsee, 144. 

Munich. Sitzungsberichte der konigl.-bayer. Akademie der Wis- 
senschaften zu Miinchen. 1868. Band ii. Heft 2. 

Von Kobell.— Ueber den Krystallisirten Spessartin von Aschaffenburg 
und uber eine dichte Varietat von Pfitsch, 292. 

——. Ueber einen Almandin aus Nord-Columbien, 295. 

Naturalist’s Note-Book. - Vol. ii. Nos. 25-27. January to March 
1869. 

Newcastle, N.S.W. Newcastle Business Directory and Almanac for 
1869. From W. Keene, Esq. 

Paleontographical Society. Volume of Monographs for 1868. (2 
copies. ) 

Palermo. Garis di Scienze Naturali ed Economiche del Istituto 
Tecnico di Palermo. Vol. iv. Fase. 1-3. 1868. 

G. G. Gemmellaro.—Studii Paleontologici, sulla Fauna del Calcario 
a Terebratula jamtor del Nord di Sicilia, 72 (5 plates). 

Paris. Annales des Mines. 6™° Série. Tome xiv. Livr. 4 & 5. 
1868. 

Mussy.—Constitution géologique et ressources minérales du Canton 
de Vicdessos, 57, 193. 

Delesse.—Recherches sur le dépdt littoral de France, 113. 
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Paris. Comptes Rendus hebdomadaires des Séances de V Académie 
- des Sciences. Tome lxvii. Nos. 2-4. 

Passy.—Sur une incrustation formée 4 Etufs, 171. 
Richard,—Découverte de silex taillés dans le sud de l’Algérie, 196. 
Cotteau.—Echinides fossiles de Syrie, 196. 

Bulletin de la Société Géologique de France. 2™° Série. 
Tome xxy. No.5. 1868. 

— Ville.—Notice minéralogique sur les environs de Dellys, 657. 
A. Péron.—Terrain tertiaire du sud de la Corse, 670. 
— Tombeck.—Infra-lias de Chalindrey, 676. 
— de Billy.—Sur les ophites, 682. 
Agassiz et Coutinho.—Géologie de VAmazone, 685. 
W. P. S. Menteath.—Evidences d’une Epoque glaciaire.miocéne. dans 

les Pyrénées, 694. 
H. Magnan.—Sur une deuxiéme coupe des petites Pyrénées de 

V’Ariége, 709 (plate). 
F. Garrig ou.—Les ophites des Pyrénées, 724. 
i. Sauvage. —Poissons fossiles du _Boulonnais, 700. 
— Dausse.—Terrasses alluviales, 752. 
P. Matheron.—Age des calcaires lacustres a Strophosoma lapicida 

des environs d’Aix et de Montpellier, 762. 
— Blandet.—L’excés d'insolation considéré comme principe du phé- 

nomeéne paléothermal, 777. 
— de Verneuil.—La derniére éruption du Vésuve, 802. 
Chaper et Hébert.—Observations sur l’ouvrage de M. Pictet: “ Etude 

des fossiles de la Porte-de-France et VAizy,” 811, 824. 
J. Delanoué.—Le prétendu granite tertiaire de Vile wv’ Elbe, 834. 
H. Jannettazi—Quartz purpurin des minérais cupriféres ‘du Chih, 

838. 
T. Ebray.—Les montagnes du Beauj olais, 840, 
A. Sautier.—L’étage rhétien aux environs de Langres, 846. 
A. de Lapparent.—Sur l’étage de la gaize, 868. 

Philadelphia. Proceedings of the American Philosophical Society. 
Vol. a. yANo.%60: 

8. F. Peckham.—Origin of Bitumens, 445. 
F. V. Hayden.—Geology of Wyoming, 463. 
J. F. athe —Subsidence of the Atlantic Coast, 541. 

Photographic Society. Journal. Nos. 201 & 202. 

Plymouth. Annual Report and Transactions of the Plymouth 
Institution. Vol. i. Part 1. 

Quarterly Journal of Science. No. 21. January 1869. 
The Alkaline Lakes of California, 14. 
J. Bigsby’s ‘Thesaurus Siluricus,’ noticed, 28. 
Chronicles of Science, 80. 

Royal Asiatic Society of Great Britain and Ireland. Journal. New 
Series. Vol. 1. Part 2. 

Royal Geographical Society. Proceedings. Vol. xii, No.1. Feb- 
ruary 1869. 

Royal Horticultural Society. Proceedings. No. 12. 

Royal Society. Philosophical Transactions. Vol. clvili, Parts1 & 2, 

= Oe 
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Royal Society. Proceedings. Vol. xvii. Nos. 106-109. 
W. B. Carpenter.—Preliminary Report of Dredging-operations in the 

Seas to the north of the British Islands, 168. 
R. Owen.—Cavern of Bruniquel. Part 2. Equine remains, 201. 
Hi. Moseley.—Descent of Glaciers, 202. 
S. Haughton.—Comparison of Granites of Cornwall and Devonshire 

with those of Leinster and Mourne, 209. 
R. SS aan Teeth of Equines from Central and South America, 

St. Petersburg. Mémoires de l’Académie Impériale des Sciences de 
' St. Pétersbourg. Tome xii. Nos. 1-3. 1868. 

Schweizerische naturforschende Gesellschaft. Protokoll der geolo- 
gisch-mineralogischen Sektion an der Versammlung in Einsiedlen. 
25th August, 1868. 

Scientific Opinion. Vol. i. Nos.10-21. January to March 1869. 
J. Haast.—Earthquake in New Zealand, 171, 193. 
W. B. Carpenter.—Report on Deep-sea Dredging, 174, 
H. Moseley.—Descent of Glaciers, 191. 
Polish Salt-mines, 196. 
R. Owen.—Cavern of Bruniquel, 208. - 
E. Becquerel.—Distribution of Heat below the Earth’s surface, 208. 
North Atlantic Dredging Expedition, 213, 231. 
J. Clifton Ward.—Geological Time, 227, 251. 
Pitch Lake of Trinidad, 228, 255. . 
W. Pengelly.—Condition of some of the Bones in Kent’s Cavern, 

250, 293. 
B. W. Hawkins.—Hadrosaurus, 311. 
H. Woodward.—Remains of the Reindeer, 332. 
G. H. Kinahan.—Suggestions on Denudation, 348, 373. 
W. H. Flower.—Extinction of Animals, 350, 374. 

Society of Arts. Journal. 115th Session. Nos. 841-853. January 
to March 1869. 
Production of Lime in Italy, 147. 
Diamonds at the Cape Colony, 199. 
Coal in California, 220. 
Gold in Queensland, 288. 

Student and Intellectual Observer. Vol.ii. No.12. January 1869, 
— Church.—Carclaze; an old Cornish Mine, 401. . 

——. Vol. iii. Nos. 1&2. February and March 1869. 
H. J. Slack.—Coccoliths and Coccospheres: and notes on organic 

bodies in Reigate Firestone, 29. 
Glaciers of the Caucasus, 59. 
Carpenter’s Report on Deep-sea Dredging, 76. 
— Church.—Carclaze; an old Cornish Mine, 154. 

Turin. Atti della R. Accademia delle Scienze di Torino. Vol. iii. 
Parts 1-8. 1868. 

Striiver—Cenni su alcuni minerali italiani, 123. 
Gastaldii—Scandagli dei laghi del Moncenisio, di Avigliana, di Trana 

e di Mergozzo (nei Circondari di Susa, di Torino e di Pallanza), 
con brevi cenni sulla origine dei bacini lacustri, 378, 
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Turin. Memorie della Reale Accademia delle Scienze di Torino. 
~ Serie 292, Tomo xxiv. 

B. Gastaldi.—Intorno ad alcuni Fossili del Piemonte e della Tos- 
* cana, 193. 
Giovanni Ramorino.—Sopra le Caverne di Liguria, e principalmente 

sopra una recentemente scoperta a Verezzi presso linale; accom- 
pagnate da una Memoria sulle conchiglie delle breccie e caverne 
ossifere della Liguria occidentale, pel Dottore A. Issel, 277. 

Sismonda.—Nuove Osservazioni Geologiche sulle rocce antracitifere 
delle Alpi, 333. 

Vienna. Anzeiger der k.-k. Akademie der Wissenschaften in Wien. 2 
| Jahrgang 1869. 

Denkschriften der k.-k. Akademie der Wissenschaften in 
Wien. Math.-naturw. Classe. Band xxviii. 1868. 

A. E. Reuss.—Palaontologische Studien tiber die alteren Tertiar- 
schichten der Alpen. I. Die fossilen Anthozoen der Schichten von 
Castelgomberto, I. 1 (5 plates). | 

C. von Ettingshausen.—Die fossile Flora des Tertiar-Beckens von 
Bilin, I. 191 (2 plates). 

G. C. Laube.— Gastropoden des braunen Jura yon Balin, II. l 
(3 plates). 

——. Die Fauna der Schichten von St. Cassian, III. Gastropoden, 
II, 29. : 

H. Wankel.—Die Slouper Hohle und ihre Vorzeit, II. 95 (10 plates). 

Sitzungsberichte der k.-k. Akademie der Wissenschaften in 
Wien. Band lvii. Erste Abtheilung. Heft1-3. (1868.) 

K. F. Peters.—Wirbelthiere aus den Miocenschichten von Eibiswald. 
I. Schildkrotenreste, 72. 

A. E. Reuss.—Palaontologische Beitrage, 79 (5 plates). 
U. Schloenbach. — Norddeutsche Galeriten-Schichten und ihre 

Brachiopoden-Fauna, 181 (38 plates). 
HE. Suess.—Ueber die Aequivalente des Rothliegenden in den Sudal- 

pen, 280 (2 plates). 
R. Kner.—Conchopoma gadiforme und Acanthodes aus dem Rothlie- 

genden von Lebach, 278 (8 plates). 
G. C. Laube.—Die Fauna der Schichten von St. Cassian, 537. 

—. ——. ——. Zweite Abtheilung. Heft 1-3. (1868.) 

——. Jahrbuch der k.-k. geologischen Reichsanstalt. Band xviii. 
July to December 1868. Bait 

D. Stur.— Bericht tiber die geologische Aufnahme im oberen 
Waag- und Grau-Thale, 337. 

R. Meier.—Die geologischen Verhaltnisse des Terrains zwischen 
Rosenberg, Kralovany und Kubin, 427. 

IF’, von Hauer.—Geologische Uebersichtskarte der Gsterreichischen 
Monarchie. Blatt X. Dalmatien, 481. 

U. Schloenbach.—Kleine palaontologische Mittheilungen, Dritte 
Folge, 455 (plate). 

D. Stur.—Geologie der Herrschaft Halmagy im Zarander Comitate 
in Ungarn, 469. 
F. von Andrian.—Die geologischen Verhaltnisse der Matra, 509. 
D. Stur.—Excursion in die Umgegend von St. Cassian, 529 (2 plates). 
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Vienna. Jahrbuch derk.-k. geologischen Reichsanstalt. Band xviii. 
July to December 1868 (continued). 

F, Karrer und T. Fuchs.—Geologische Studien in den Tertiirbil- 
dungen des Wiener Beckens, 569 (2 plates). 

K. Zittel_—Palaontologische Notizen uber Lias-, Jura- und Kreide- 
Schichten in den bayerischen und osterreichischen Alpen, 599. 

Verhandlungen der k.-k. geologischen Reichsanstalt. 1868. 
Nos. 17 & 18. 
Zittel.—Palaontologische Notizen iiber Lias-, Jura-, und Kreide- 

Schichten in den bayerischen und dsterreichischen Alpen, 413. 
Bemerkungen tiber Phylloceras tatricum, 413. 

——. Jura- und Kreide-Horizonte in den Central-Apenninen, 414. 
Stoliczka.—Naturwissenschaftliche Arbeiten in Indien, 415. 
Hébert.—Neue Einrichtungen im Laboratoire de Géologie der Sor- 

bonne zu Paris, 416. 
Abdullah Bey (Hammerschmied).—Petrefacten der Devon-Forma- 

tion des Bosphorus, 416. 
Jenzsch.—Organische Formen in Melaphyr und Porphyr, 417. 
Posepny.—Bermerkungen tiber Rézbanya, 418. 
Foetterle.—Ueber den Wassereinbruch im Salzbergwerk zu Wieliczka, 

419, 
Suess.—Ueber bergmannischen Unterricht, 428. 
Hochstetter.—Saurier-Fahrten 1m Rothliegenden des Rossitz-Osla- 

waner Beckens, 451. 

1869. Nos. 1-4. 
E. Staudigl.—Erratische Blccke in Prag, 2. 
A. Patera.—Untersuchungen einiger Erzsorten aus dem Gebiete der 

- Herrschaft Halmagy, 3. 
A. Pallausch.—Kreideformation im Prager Kreise, westlich von der 

Moldau, 4. 
J. Nuchten.—Bemerkungen tiber die Vortrage des Herrn Suess und 

Herrn Foetterle, 7. 
K. von Hauer.—Einige ungarische Eruptivgesteine, 10. 
F, Sandberger.—Skleroklas von Hall in Tirol, 21. 
T. Petersen.—Mineralogische Untersuchungen, 22. 
J. Hoffmann.—Steinkohlenvorkommen bei Karvin, 34, 
F, Foetterle.—Lagerungsverhaltnisse der Tertiirschichten zwischen 

Wieliczka und Bochnia, 29. a 
H. Wolf—Gegend von Tokaj und §.-A.-Ujhely, 31. 
C. M. Paul.—Gliederung der Karpathensandstein, 37. 
E. von Mojsisovics.—Salzlagerstatten der Alpen, 37. 
U. Schloenbach.—Ueber Brachiopoden aus den Eocenschichten des 

Bakonyer Waldes. Ueber eine neue Sepienart aus dem neogenen 
Tegel von Baden bei Wien, 37. 

C. W. Gumbel. — Foraminiferen, Ostracoden und mikroskopische 
Thierreste in den St. Cassian und Raibler Schichten, 44. 

E. Favre.—Die Sammlung Delessert, 44. 
C. yon Czernig.—Petrefacte vom Mokattam-Gebirge und aus der 

Nahe der Pyramiden von Gizeh, 46. 
F, Zirkel.—Mikroskopische Untersuchungen der Basalte. Auffindune 

des Salzlagers von Segeberg, 46. 
J. Nuchten.—Die Braunkohlen-Ablagerung bei Reichenbach an der 

Save in Siidsteiermark, 46. 
F, Kreutz.—Mikroskopische Untersuchung des anorthitfiihrenden 

Andesites von Ober-Fernezely, 47, 
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Vienna. Verhandlungen der k.-k. geologischen Reichsanstalt. 1869. 
Nos. 1-4 (continued). 

J. Niedzwiedskii—Ueber neu aufgedeckte Susswasser-Bildungen, 49, 
K. von Hauer.—Einige ungarische Eruptivgesteine, 50. 
G. Hinrichs.—Unterschied zwischen Steinkohle und anderen Erd- 

kohlen, 63. 
Graf A. Marschall.—Production der Saline St. Nicholas-Varangé- 

ville, 64. ; 
E, von Mojsisovics.—Gliederung der oberen Triasbildungen der 

Alpen, 65. 
EH. Glasel und D. Stur.—Phosphorit aus den Kreideschichten von 

Chudikovce in Galizien, 66. 3 
U. Schloenbach.—Neue jurassische Fauna aus dem kroatischen 

Karstgebiete, 68. 

IT, PERIODICALS PURCHASED FOR THE LIBRARY. 

Annales des Sciences Naturelles. Zoologie et Paléontologie. 5° Série. 
Tome ix. Nos.5 &6. 1868. 

Tome x. 1868. 

L. Lartet.—Mémoire sur une Sépulture des anciens Troglodytes du 
Périgord, 133 (plates). 

Pruner-Bey.—Description sommaire de restes humains découverts 
dans les Grottes de Cro-Magnon, 145 (plates). 

L. Lartet.—Remarques sur la Faune de Cro-Magnon, 156, 
_ A, Milne-Edwards.—Sur l’Aphanapteryx, 325 (4 plates). 

Annals and Magazine of Natural History. Fourth Series. Vol. iii. 
Nos. 13-15. January to March 1869. 

A. Wanklyn.—Fossil Ferns from the Bournemouth Leaf-bed, 10 
(plate). 

_A. Brongniart.—Fossil Lycopodiacean Fruit, 74. 
O. C. Marsh.—Fossil-horse from Nebraska, 95. 
P. M. Duncan.— Amphidetus, 248. 

L’Institut. 1° Section. 37° Année. Nos. 1827-1839. 

Omalius d’Halloy.—Systéme Ahrien, 2. 
Reuss.—Paléontologie des terrains tertiaires inférieurs des Alpes, 7. 
J. Haast.—Dinormis, 58. 
O. C. Marsh.—Nouyelle espéce de cheval fossile, 54. 

Paleontographica: herausgegeben von Dr. Dunker. Vol. xviii. Parts 
4&5. 1868. | 

Fossile Flora der Steinkohlen-Formation Westphalens. 
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Names of Donors in Ltalies. 

Art-Union of London: Report of the Council. 1868. 

Bland Thomas. Notes on the Land-Shells of Trinidad, Grenada, 
and Dominica, and also of Curacao and Buen Ayre, W. I. 

Brown, Robert. Miscellaneous Botanical Works. Vol. iii.. Atlas 
of Plates. rom the Ray Society. 

Carpenter, W. B. Preliminary Report of Dredging Operations in 
the Seas to the North of the British Islands. 1868. 

Delesse, A. Etudes sur le Métamorphisme des Roches. 

Dorna, Alessandro. Catalogo delle Leoneidi o Stelle Meteoriche, del 
Periodo di Novembre, osservate nel 1867 al Regio Osservatorio 
di Torino. 

Favre, A., et Soret, Z. Rapport sur étude et la conservation des 
blocs erratiques en Suisse. 

Geological Survey of Victoria. Sheets 13 & 14 N.W., and 26 S8.E., 
with two sheets of Sections and explanations to Sheets 14 & 26. 
From the Government of Victoria. 

Hauer, F. von.. Geologische Uebersichtskarte. der dsterreichischen - 
Monarchie. Sheets VI. & X. 

Hébert, H. Observations sur le Mémoire de M. Pictet intitulé: 
- Etude provisoire des Fossiles de la Porte-de-France, d’Aizy et 

de Lemenc. 

Hunt, Robert. Mineral Statistics of the United Kingdom of Great 
Britain and Ireland for the year 1867. 

Igelstrom, Nordenskivld, and Ekman, MM. On the Existence of 
Rocks containing Organic Substances in the tiene atal Geiss 
of Sweden. 

Index Scholarum in Universitate Regia Fredericiana. February 
and August 1868. rom the Royal Frederician University in 
Christiania. 

Jenzsch, G. Ueber eine mikroskopische Flora und Fauna krystalli- 
nischer Massengesteine, 

Jones, T'. R., and Holl, H. B. Notes on the Paleozoic Bivalved En- 
tomostraca. No. IX. Some Silurian species. 

Karrer, F., und Fuchs, T. Geologischen Studien in den Tertiirbil- 
dungen des Wiener Beckens, 
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Karrer, F. Die miocene Foraminiferen-Fauna yon Kostej im 
Banat. 

Lindstrom, G. Om tvenne nya ofversiluriska koraller fran Gotland. 
1868. 

Longuemar, A. le Touzé de. Recherches Géologiques et Agrono- 
miques dans le Département de la Vienne. From John Evans, 
Esq., PRS. 

Mayer, C. Tableaux synchronistiques des Terrains Tertiaires et 
Jurassiques de l'Europe. 

Meyer, C. J. A. On the Lower Greensand of Godalming. 

Miller, W. H. On the Crystallographic method of Grassmann. 

Moore, J. Scott. Preglacial Man and Geological Chronology. 1868. 

Miiller, Fritz. Facts and Arguments for Darwin. Translated by 
W.S. Dallas, F.L.S. From the Translator. 

Newbery, J. S. Address to the American Association for the 
Advancement of Science. 1867. 

—. Notes on the later extinct Floras of North America. 

Nystrom, Juan Guillermo. Informe al Supremo Gobierno del Pert 
sobre una Espedicion al Interior de la Reptblica. 1868. — 

Observations des Phénoménes périodiques pendant les années 1865 
et 1866. From the Royal Observatory of Brussels. 

Ordnance Survey Maps of England, 1-inch scale. Sheets 101 N.W. 
and 8.E. 

of Scotland, 6-inch scale. Kincardine, Sheets 1-27 ; and For- 
far, County Index. 

of England, Isinch scale, Sheets 106 N.W. & 107 Bad 
And 6-inch scale: Middlesex, Sheets 1-10, 14, 15, 19, & 24; and 
County Index, Northumberland. 

of Ireland, l-inch scale. Sheet 22. From the Secretary of 
_ State for War. : | 

Paris. Dépét dela Marine. Charts and plans. 

—_, ———, Annales hydrographiques. Nos. 441, 445, 446, 
450. 

: . Instructions sur les jles et passages du grand Archipel 
d’Asie. Nos. 422, 428, 433, 437, 442. 

rig ———, Baie de St. Francisco et edte au Nord. No. 443, 
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Paris. Dépét de la Marine. Instructions Nautiques sur la céte 
occidentale d’Afrique. No. 435. 

——. ——, Pilote de Vile Vancouver. No. 438. 

—. ——. Pilote de la céte occidentale d’Hindostan. No. 440. 

——, -=—. MerdeChine. Instructions Nautiques, 4™° partie. 
No. 447. 

EDM a ——. Annuaire des Marées des cétes de la France pour 

—. Instruction pour entrer dans le Port d’Alexandrie 
Egypte. No. 444. 

Patent Office, United States. Report for 1866. 3 vols. From the 
U. S. Commassioner of Patents. 

Peacock, R. A. Physical and Historical Evidences of vast Sinkings 
of Land on the North and West Coasts of France, and South- 
western Coasts of England. 

Peters, K. F. Zur Kenntniss der Wirbelthiere aus den Miocin- 
Schichten von Eibiswald. 

Phillips, J. Vesuvius. London, 1869. 

Pictet, F. J., et P. de Loriol. Matériaux pour la Paléontologie 
Suisse, ou Recueil de Monographies sur les Fossiles du Jura et des 
Alpes. Quatriéme Série. Feuilles 1 4 14. Planches I. 4 IX. 
Monographie des Couches de V’étage Valangien des Carriéres 
D’Arzier (Vaud). 

Quetelet, A. Annales Météorologiques de l’Observatoire Royale de 
Bruxelles. Deuxiéme Année. 1868. 

Rénevier, HE. Quelques Observations Géologiques sur les Alpes de la 
Suisse centrale. Lausanne, 1868. 

Report of the Mining Surveyors and Registrars of Victoria, 30th 
September, 1868. From R. B. Smyth, Esq., F.GS. 

Royal Society. Catalogue of Scientific Papers, Coa to Gra. Vol. ii. 
1868. From the Council of the Royal Socety. 

Sars, M. Mémoires pour servir 4 la connaissance des Crinoides 
vivantes. 1868. 

Sella, Q. Relazione alla R. Accad. di Torino suila Memoria di Giov. 
Struever, ‘‘ Studii sulla Mineralogia Italiana, Pirite del Piemonte 
e dell’ Elba.” From the Royal Academy of Sciences of Turin. 

Tchihatcheff, P. de. Asie Mineure. Géologie. Parts 2 & 3. 
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Terquem, O. Premier Mémoire sur les Foraminiféres du Systéme 
Oolithique. From Ralph Tate, Esq., F.GS. 

Trautschold, H, Die Laterne des Diogenes yon Archeocidaris ros- 
sicus. 

Uliwh, G. H. F. Notes and Observations on the Nuggetty Reef, 
Maldon (Victoria), quarter-sheet 14 N.W. From the Geological 
Survey of Victoria. 

Wanklyn, A. Descriptions of New Species of Fossil Ferns from 
Bournemouth. 

War Office. Index to the Articles in Periodical Publications in 
the War Office Library, from 6th November to 31st December, 
1868. 
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G. H. Wollaston, Esq., of the Geological Survey of England and 
Wales ; Richard Pearce, Esq., Swansea; Richard Moreland, jun., 
Esq., Old Street, London; James N. Shoolbred, Esq., B.A., Assoc. 
Inst. C.E., 3 York Buildings, Dale Street, Liverpool; Fritz Gill- 
man, Esq., 14 Ashley Place, Westminster, S.W.; and Richard 
Abbay, Esq., B.A., Fellow of Wadham College, Oxford, were elected 
Fellows of the Society. 

The following communications were read :— 

1. On two New Species of Gyropus. By Sir Purrir pe M. Grey- 
Eerrron, Bart., M.P., F.R.S., V.P.G.S. 

1. Gyropus Gower, Egerton. 

Monstevur THrotiikrE in his splendid work on the fossil fishes of 
the Jura formation of Bugey—a work of singular merit cut short 
by his untimely death—when speaking of the Pycnodonti of Agassiz, 
says truly that “this family has the advantage over many others of the 
Ganoid Order in the circumstance that the characteristic features 
are true and easily appreciable, such as the form and arrangement 
of the oral apparatus, the peculiarity of the scales, and the struc- 
ture of the vertebral column.” In fact, this family is in a manner 
isolated from all others, and consequently (if the Acanthodei be 
excepted) has been subjected to fewer modifications than any other 
of the Ganoid Order during the long period which has elapsed since 
its establishment by Professor Agassiz. Some of the most distinguished 
paleontologists have directed their attention to this subject: Quen- 

VOL. XXV.—PART I. 2D 
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stedt, Wagner, Heckel, Thiolliere, Pictet, Costa, Knerr, Sauvage *, and 
Liitken have all written on the Pyenodonti, and have contributed 
much information in developing the characteristics of the family, and 
rectifying some of the generic characters assigned by Agassiz. Many 
more species have also been added, exemplified by specimens of rare 
perfection, as may be seen by consulting the beautiful plates given in 
the works of Thiolliére and Heckel. Perhaps the latter author has 
contributed more than any other observer to the typical characters of 
the several genera; but as his work is limited to specimens found in 
the Austrian dominions, other writers must be consulted for species 
found in other parts of the Continent. The genus Gyrodus is dis- 
tinguished from the other Pycnodonti by the form of the tritoral teeth, 
the deeply forked tail, the solidity of the scales, some peculiarities 
in the vertebral apophyses, and by the presence of scale-ribs both 
before and behind the dorsal fin. The peculiar mechanism of these 
scale-ribs was first interpreted by myself in a paper communicated 
to the Geological Society in 18497. Thiolliére has fully compre- 
hended and clearly described this scale-structure peculiar to the 
Pycnodonti +; but Dr. Lutken speaks of “ the peculiar manner in 
which the scales are interlocked and attached to those ribs” §, as if 
they were independent organs, whereas the rib or fillet is com- 
posed of the thickened margins of the scales, homogeneous in 
structure, and inseparable from them except by fracture, and each 
of these so-called dermal ribs is made up of as many pieces as there 
are scales in the dorso-ventral series. Heckel is of opinion that 
these dermal ribs are analogous to the so-called V-shaped ossicles 
present in the ventral region of some recent fishes of the Clupeoid 
family, only more largely developed, and he names them ridge-ribs 
and keel-ribs (Firstrippen und Kielrippen || )—a solution originated by 
Prof. Agassiz 4], but since abandoned in favour of the explanation 
which I have suggested. Having made a careful examination of a 
much. larger number of specimens, and in more perfect condition 
than were available in 1849, I find no reason to alter or modify the 
observations I then published; on the contrary, I find them con- 
firmed by indisputable evidence. Heckel and Thiolliére are both in 
error in describing the dental formula of the lower jaws of the Pyeno- 
donti as limited to four rows of tritoral teeth on each side. I have 
several mandibles from the Oolite of Stonesfield and the Jura beds of 
Soleure, in which a fifth row of small teeth occurs on the inner 
margin of the jaw ; and Thiolliere has himself represented this row in 
a specimen of Pycnodus Bernardi (Microdon of Heckel) figured in 
plate v. fig. 2 of his work on the fossil fishes of Bugey. 

* ‘Catalogue des Poissons des Formations Secondaires du Boulonnais,’ par 
Emile Sauvage, 1867. M. Sauvage having used the term Hulepzdote in his 
publication, it becomes incumbent on me to change the somewhat similar name 
Eulepidotus given to a section of the Lepidoti in a paper read on the 17th of 
June 1868: I propose to substitute for it the name Heterolepidotus. 

+ Quart. Journ. Geol. Soc. 1849, p. 330. 
+ ‘Poissons Fossiles du Bugey,’ p.12. § ‘Geological Magazine,’ vol. v. p.431. 
|| ‘ Beitrage zur Kenntniss der fossile Fische Oesterreichs,’ p. 10. 
{ ‘Poissons Fossiles,’ vol. 11. pt. 2. p. 182. . 
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The specimen under consideration was found by the Rev. Mr. 
Joass, of Golspie (to whom we are indebted for the discovery of 
the rich deposit of Devonian Ichthyolites at Edderton in Rosshire), 
on the beach between Culgower and Portgower, on the east coast 
of Sutherlandshire. It is imbedded in a dark-coloured shale per- 
forated by recent Pholades, and incrusted in places by Balani. 
The head and tail are deficient ; but the trunk is tolerably well pre- 
served, with the exception of the fins. It measures eleven inches 
in length by seven or more in depth: as the ventral scales are 
absent, the latter measurement is merely an approximation. Fortu- 
nately two of the tritoral teeth are preserved. Although not in situ, 
there can be no reason to doubt that they belonged to the specimen. 
They present all the typical characters of the teeth of the genus 
Gyrodus, viz. a small central papilla surrounded by two crenulated 
rings, the inner one rather higher than the outer one, having the 
appearance, viewed vertically, of a small rosette (fig.1). Judging from 
their circular form and relative size, it is probable that they be- 
longed to one of the secondary rows of the vomerine series. The 
column, as is the case in all the members of this family, is noto- 
chordal. The neurapophyses, especially in the nuchal region, are 
strong, and extend nearly to the dorsal ridge. They are spathu- 
late at the lower extremities, where they partly embrace the chorda. 
The impressions of a few of the interspinous ossicles supporting the 
rays of the dorsal fin show that this organ occupied nearly the 
centre of the back. No evidence remains as to the position or 
characters of the other fins. The whole of the trunk is invested 
with a compact scaly armour, remarkable for the solidity of the 
component scales, and the strength of the joints by which they are 
united. In most of the Ganoid fishes the scales are united by a pin- 
and-socket lock, each scale having a process at the upper anterior 
angle, which is received in a depression on the lower angle of the 
scale immediately above it in the series; but in this case each scale 
has a superior and inferior process, which are spliced to the cor- 
responding processes in the contiguous scales above and below; in 
addition to which, additional strength is imparted by a broad over- 
lap at each joint, the upper scale covering the bevelled margin of — 
the succeeding scale below (fig. 2). When viewed on the inner 
surface, these processes form the continuous rib or fillet which has 
been alluded to before. G'yrodus is the only genus of the secondary 
formations in which this structure prevails behind the dorsal and 
anal fins; this peculiarity has therefore been taken as a good fea- 
ture for rectifying the generic nomenclature of the several species. 
The genus Microdon of Agassiz (as I pointed out in 1849) com- 
prised some species in which the peculiar scale-structure was par- 
tial, and others in which it was general; the latter species, namely 
Microdon hexagonus and M. analis, are now correctly arranged by 
Heckel under the genus G'yrodus; on the other hand, Gyrodus micro- 
pterus of Agassiz differs from that genus in having no scale-ribs on the 
posterior half of the body, as also in having very large dorsal and anal 
fins and a rounded tail. These characters combined justify Wagner 

2D2 



382 PROCEEDINGS OF THE GEOLOGICAL society. [June 23, 

in making it the type of a new genus, Mesodon, to which must be 
added Gyrodus gibbosus, Munster, and Pycnodus lassicus, described 
by myself in the 8th Decade of the ‘Memoirs of the Geological 
Survey,’ plate x. On comparing the Scotch specimen with the 
other species of G'yrodus of which the characters of the scales are 
known, I find it differs from them all; I have therefore ventured 
to give it a specific name, although it is impossible to affirm it to be 
a new species until more is known of the many species of the genus 
which have been named from the teeth alone. The scales in this 
specimen are very large, and have a dense lustrous surface of 
ganoine. Some of these, on the flanks, measure above an inch in 
length, including the processes. The lateral line traverses the 
several series of scales below the column ; the scales above this line 
decrease in size to the dorsal ridge-scales, while below it they in- 
crease nearly to the ventral border. The scales in the hinder part 
of the body are considerably smaller than those in front; but they 
retain the characteristic surface-ornament throughout. This consists 
of an elaborate pattern in relief, composed of vermicular fillets in- 
terspersed with granules, which covers the whole exposed portion 
of the scales. At the two extremities of the trunk the granules 
preponderate over the labyrinthic pattern. The nearest approach 
to this scale-armature is found in a gigantic specimen from Solen- 
hofen,.in the Munich Museum, called Gyrodus rhomboidalis; but 
there are strongly marked differences between this and the Scotch 
species. 

Fig. 1.—Tooth of Gyrodus Fig. 2.—Scale of Gyrodus 
Gowerl. Gowerl. 

Mr. Joass is unable to point out the particular bed from which 
this specimen is derived, but he says it was apparently beneath the 
siliceous sandstone of Braambury Hill, and decidedly above the cal- 
careous grits, clays, and shales of Dunrobin. On referring to Sir 
Roderick Murchison’s paper on the “ Coalfield of Brora” *, I find 
the beds exposed on the coast between Culgower and Portgower 
are considered to belong to the middle portion of the Oolitic series, 

* Trans. Geol. Soc. 2nd series, vol. ii. pl. xxxi. 
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viz. the Oxford clay, Cornbrash, &c. This is just the period in which 
the genus Gyrodus seems to have attained its maximum develop- 
ment. No species has yet been discovered in the Trias or Lias. 
A few occur in the Lower Oolites, from which period the genus 
expands enormously through the remainder of the Oolitic series, 
decreasing again in the Wealden, and finally disappearing in the 
Cretacean era. J have named this species Gyrodus Goweri in 
recognition of the great interest the Duke of Sutherland takes in all 
questions affecting the county of Sutherland, which has been re- 
markably shown by his establishing a museum at Dunrobin Castle for 
the reception of specimens of science and antiquity connected with 
the county, for the amusement and instruction of those who visit the 
charming scenery of the neighbourhood of Golspie. 

2. GyRropus coccopERMA, Egerton. 

The Museum of Practical Geology possesses a portion of a large 
Pycnodont fish referable to the genus Gyrodus, from the Kim- 
meridge Clay of Kimmeridge. The specimen is a mere fragment, 
containing only a group of scales from the nuchal and dorsal re- 
gion, above the lateral line, and before the dorsal fin. It mea- 
sures 1 foot in length by 7 inches in depth. Judging from 
the proportions of other species of the genus Gyrodus, this fish, 
when perfect, must have been at least 30 inches in length, from the 
snout to the commencement of the tail, oy 20 inches in depth, 
rivalling in size the great Gyrodus rhomboidalis of the Munich 
Museum. 

It contains twelve dorso-lateral series of scales, with eight scales 
in each row, measuring each 1 inch in antero-posterior diameter. 
They vary in depth and form according to the position they occupy 
in the series. Those nearer the top of the back are the shortest, 
and are lozenge-shaped; the succeeding scales in each row become 
more elongated in descending order, so far as they are preserved. 
The scales of the flanks are unfortunately not present; they would 
probably have been from 23 to 3 inches in length. The surface- 
ornament of the scales (fig. 3) is well seen, and is very peculiar. 
It consists of a multitude of symmetrical granules of hard and 
lustrous ganoine, like grains of millet-seed, irregularly scattered 
over the surface. On the nape and back they are thickly grouped, 
but more sparsely sprinkled over the other parts. Hach granule 
maintains its form, even where they are most crowded, and has no 
tendency to coalesce with its neighbours to constitute the meandrine 
pattern so frequently found on scales with raised patterns. It 
differs in this respect from Gyrodus Gower and Gyrodus rhom- 
boidalis, but somewhat resembles a little-known species from the 
Oolite of Stonesfield, named by Agassiz Gyrodus perlatus—the arti- 
culating processes of the scales forming the dermal ribs, and being 
very strong, and coarsely striated longitudinally. They measure half 
an inch in length. I have given the specific title coccoderma to this 
fish, from the characteristic features of the scales. 
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Fig. 3.—Scales of Gyrodus coccoderma. 
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Mr. Etheridge having kindly directed my attention to some spe- 
cimens of Pycnodont teeth deposited in Jermyn Street by Mr. Man- 
sel, I found amongst them a fine example of the vomer of a 
Gyrodus (fig.4), which, from its size, may very possibly have belonged 
to Gyrodus coceoderma. This conjecture is strengthened by the fact 
that it was found in the same stratum and in the same locality, 
viz. in the Kimmeridge Clay of Kimmeridge. The dentigerous area 
of the bone measures two inches and eight-tenths in length. The 
breadth at the base is one inch and three-tenths, and at the apex 
seven-tenths of an inch. It is furnished with five rows of teeth. 
The median row contains nine large circular tritores, much abraded 
on the grinding surface. A tenth tooth is wanting at the base. 
Next in size come the marginal rows. One of these contains 
fourteen, the other (imperfect) thirteen teeth. They differ in form 
from those of the median row in having the outer periphery trun- 
eated, and the outer edges raised. Although somewhat used, they 
still retain the gyrations characteristic of the genus. The inter- 
mediate row contains the smallest teeth. There are fourteen in 
each row, rather irregular in form, but more or less circular. The 
surfaces are deeply furrowed, as they have suffered little from use. 
This specimen differs from all the vomerine remains of Gyrodus 
yet figured ; it approaches more nearly to a species named Pycnodus 
Dutertrei by M. E. Sauvage, from the Portlandian rocks of Portel, 
which may possibly be a Gyrodus having the teeth much worn; 
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but from this it differs in having the median teeth circular, instead 
of transversely oval. 

Another specimen belonging to Mr. Mansel is one of great in- 
terest. There has long been a controversy touching the validity of 
the genus Spherodus. The similarity of the teeth to those of some 
of the larger species of Lepidotus induced Agassiz to establish the 
genus with some hesitation. Owen, however, detected some dif- 
ferences in the microscopic structure of the tooth, which led him 
to consider the two genera distinct. Many continental paleonto- 
logists, on the other hand, repudiated the genus Spherodus, as 
founded in error. The main obstacle to a satisfactory solution of 
the difficulty arose from the circumstance that the Bufonites were 
generally found detached from the dentary bones. In Mr. Mansel’s 
specimen (fig. 5), however, we have true Spherodus teeth, arranged 

Fig. 4.—Vomer of Gyrodus cocco- Fig. 5.— Vomer of Sphee- 
derma. rodus gigas. 

ll aT, 

in natural order; and not only so, but the specimen is fortunately 

a vomerine bone, the form of which is entirely different from the 

palatal organization of Lepidotus, and essentially characteristic of 

the Pycnodonti. The specimen is 23 inches in length, and contains 

the median series of teeth, the two intermediate rows, and two 

teeth of the marginal row of the left side. The median row is 

composed of six teeth of circular form ; the intermediate rows con- 
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tain seven, also circular, teeth in each; the teeth of the marginal row 
are slightly truncated on the outer edge. This specimen was also 
found in the Kimmeridge Clay at Kimmeridge, and must probably 
be referred to the species named by Agassiz Spherodus gigas. 

2. Note on a large Savrian Humervs from the KimmEriper Cray of 
the Dorset Coast. By J. W. Hurxs, Esq., F.R.S., F.G.S. 

[Puate XVI.] 

For the opportunity of bringing before the Society this remarkable 
bone I am indebted to the great courtesy of J. C. Mansel, Esq., who, 
in reply to an inquiry addressed by me to him respecting the genus 
Pliosaurus, most liberally transmitted to me for study a large num- 
ber of specimens from his unrivalled collection of Saurian bones from 
Kimmeridge, amongst which was the subject of this note. Mr. 
Mansel writes to me that this bone was found last year “‘ amongst 
the layers of shale immediately above the band of cement-stone 
which rises from E. to W. on the west side of Clavell’s Tower, be- 
tween Kimmeridge Bay and Clavell’s Head ;” and he called my at- 
tention to it as differing from the common Enaliosaurian limb-bones. 

Description.—This stupendous bone has transversely elongated 
extremities and a subcylindrical shaft. It has been broken across 
at about 7 inches from its proximal extremity, and again 1 foot from 
its distal end. Owing to the loss of small portions by splintering 
and abrasion, the surfaces of the distal fracture do not meet accu- 
rately. A long slip, reaching from this fracture to the anterior * 
angle of the proximal terminal surface and including a small piece 
of this latter, has been broken off the anterior (outer) border of the 
bone and is wanting, as are also both the terminal epiphysest. The 
terminal surfaces are mammillated and rugous, and scarcely at all 
abraded. The surface of the shaft is smooth and polished, composed 
of a very dense cortex which in this situation is about -5 inch 
thick, but which grows thinner towards the extremities, where also 
its texture is less compact and its surface is rougher and coarsely 
striated. There is no medullary canal. All the fractured surfaces 
distinctly show the interior to consist of cancellous tissue. 

Prowimal extremity.—This is much flatter than the distal. The 
transversely lengthened convex terminal surface measures 11 inches 
along the curve. Originally its length was somewhat greater; fora 
small piece of its front (outer) end is wanting. Its posterior end, 

* The terms anterior, posterior, upper, and under. indicate the directions of 
the borders and surfaces when the axis of the bone is supposed to lie in a 
nearly horizontal plane, and nearly perpendicular to the axis of the trunk. 

+ The term “epiphysis” is used here ina modified sense. ‘Dans les cro- 
codiles et les tortues, les extrémités des os et leurs principales éminences sont 
enduites de cartilages plus ou moins épais, qui durcissent et s’ossifient avee 
Page, mais dans lesquels il ne se forme point, comme dans les mammiféres, de 
noyau osseux, séparé pendant quelque temps du corps de l’os ou dela diaphyse 
par une suture ; circonstance d’autant plus singuliére, que les sauriens, spéciale- 
ment les monitors, ont 4 leurs os longs des épiphyses trés-marquées.’’—CUVIER, 
Ossemens de Reptiles, 1824, viii. p. 8. 
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uninjured, forms a prominent rounded angle with the corresponding 
posterior (inner) border of the extremity. Here it has a width of 1 
inch, which increases to 4'5 inches at the summit of the curve (the 
increase being chiefly caused by a swelling of the upper surface of 
the extremity, the terminal aspect of which is separated by a groove 
from the rest of the terminal surface), whence it again diminishes to 
1-5 inch near the anterior (outer) missing angle. The under (ante- 
rior) surface is generally flat, with a slight longitudinal and trans- 
verse hollowing of its posterior (inner) half. The upper (posterior) 
surface is transversely slightly convex for 1:8 inch from its posterior 
(inner) border, then slightly hollow for another inch; and from this 
to within a short distance of its anterior (outer) margin it is ren- 
dered strongly convex by the large subpyramidal swelling just men- 
tioned, the base of which forms part of the terminal surface. 

Distal extremity.—This is much more massive than the proximal 
end. Its form is somewhat cubical. The terminal surface is flatter 
and of an oblong figure, divided into a couple of condyles by a de- 
pression in its upper (posterior) border, and by two angular excur- 
sions of its lower (anterior) margin. The posterior (inner) condy- 
loid surface is the larger one. The upper surface exhibits a broad, 
shallow, longitudinal, median groove, 5 inches wide at the edge of 
the terminal surface, growing narrower as it recedes from this, and 
dividing at about 8 inches distance from it to receive the distal end 
of a low median ridge prolonged from the shaft. The anterior 

‘ (outer) branch of this hollow ends about 1 inch sooner than the 
posterior (inner) one. On the under (anterior) surface two strong 
subpyramidal swellings -9 inch high, corresponding to the two ex- 
cursions mentioned in the lower (anterior) border of the terminal 
surface, and, indicating the greater projection of the condyles in this 
direction, immediately arrest the eye. The anterior (outer) swell- 
ing, with a base 1-8 inch wide at the terminal border, begins to rise 
at 1 inch from the anterior (outer or radial) border of the extre- 
mity. A deep intercondyloid notch, -8 inch wide, separates it from 
the posterior (inner) swelling of nearly the same size and form. 
Between this and the posterior (inner or ulnar) border of the extre- 
mity the surface is first longitudinally grooved by a shallow depres- 
sion which has been slightly increased by compression, and then 
gently convex. The anterior (outer) and posterior (inner) margins 
are so broad and flat near the terminal border, that here they might 
be properly called surfaces; but towards the shaft they grow nar- 
rower and become transversely convex. 

Shaft.—Of a subcylindrical form, this comprises about the middle 
third of the bone. Its upper (posterior) surface is strongly convex 
transversely. The under surface is transversely convex in its pos- 
terior (inner) half; but it has a shallow longitudinal. median hol- 
low, widening towards the proximal extremity, and merging into the 
shallow depression mentioned in the posterior half of the under sur- 
face of this. The anterior (outer) border of this longitudinal hollow 
rises sharply, as if it were the beginning of a deltoid crest. 

Contowr.— When the bone is placed horizontally the outline of the 
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upper surface falls gradually from the proximal end, rises slightly 
over the shaft, and then again gently declines along the upper inter- 
condyloid groove. 

Rtemarks.—The general configuration of this bone (particularly 
the form of its extremities, and especially that of its proximal one) 
proves it to be reptilian, and at the same time separates it from the 
Enaliosauria, the remains of which are so common in the Kimme- 
ridge clay of the Dorset coast. 

A comparison of it with several humeri and femora of recent 
crocodiles and lizards leaves no doubt in my mind that it is the left 
humerus of a crocodilian ; but its axis is less twisted and its proximal 
end has a smaller upward curve than the humerus of now living 
crocodiles, from which it also differs in its enormous size. ‘This last 
character also removes it from the extinct Crocodilia, the Teleosaurs 
and Stenosaurs, from G'onopholis and Porkiloplewron, none of 
which, so far as they are yet known to us, had humeri approaching 
the magnitude of this bone. There are three genera to ‘the indivi- 
duals of which a stature correlative with the size of this Kimmeridge 
humerus has been assigned—AStreptospondylus, Cetiosarus, and Poly- 
ptychodon. Not anything, so far as I can learn, seems to be known 
of the limb-bones of Streptospondylus major, Owen; but those of 
Polyptychodon and Cetiosaurus are described as having a coarse spongy 
texture, and as being destitute of a medullary cavity. 

The evidence on which these statements rest, so far as it has been 
accessible to me, does not appear to my mind to be decisive regarding 
these two points. ‘The portions of long bones referred by the late 
Dr. Mantell to Cetrosawrus, formerly in his cabinet, and now in the 
British Museum, are so fragmentary that, in the absence of any 
record of their discovery in immediate association with vertebree of 
the recognized Cetiosaurian type to authenticate them, the correct- 
ness of their reference to this genus is open to doubt; and there is 
the same uncertainty respecting the large bone in the Oxford Museum 
provisionally assigned to Cetiosaurus, and also with regard to the great 
Hythe saurian assigned by Prof. Owen to Polyptychodon. 

It must be conceded that the limb-bones of these two genera have 
not yet been certainly identified ; and therefore statements regarding 
their structure can be of little value. 

So far as relates to the absence of a medullary cavity, this Kim- 
meridge humerus agrees with what has been published of Polypty- 
chodon and Cetiosaurus ; but it completely differs from them both in 
the compactness of its tissues. 

It is also unlike the humeri of the Dinosaurs, Jguwanodon and 
Hyleosaurus ; and, so far as the material within my reach has enabled 
me to judge, it is not like that of Megalosaurus ; but the bones in the 
British Museum considered to be humeri of this saurian are too 
fragmentary for the comparison with them to be final. 

The bone with which in its general features it agrees more closely 
than with any other known to me, is one formerly in the late Dr. 

- Mantell’s collection and now in the British Museum. It was re- 
garded by Dr. Mantell as a right humerus (an opinion adopted by 
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Owen), and it is the bone on which Mantell founded his genus 
Pelorosaurus. But the agreement is not complete; for, besides the 
much greater size of the Pelorosaurian humerus, which cannot be 
altogether explained by assuming the bones to have belonged to 
individuals of different ages (because the smoothness and compact 
texture of the Kimmeridge bone, and the absence of the large 
and numerous vascular foramina so conspicuous near the articular 
end in young and growing crocodiles, show it to have belonged to an 
adult animal), there are variations of details, amongst which I may 
cite the very different form of the transverse sections of the shafts 
and the presence of a medullary cavity in Pelorosaurus. 
We have, then, in this humerus evidence of the existence during 

the Kimmeridge period of an immense saurian fitted for terrestrial 
progression, with strong crocodilian affinities, but differing from any 
yet completely known to us; of such a gigantic saurian we had 
already traces in a great ungual phalanx from the Kimmeridge 
clay of Ely and a fibula from near Weymouth, both in the British 
Museum, and in a cast of a large tibia also in the same collection, 
the original of which I think I have seen in the Woodwardian 
Museum labelled “‘ Macrochelys”*. 

Measurements. 
inches. 

MCA Ele ecia tic aslc d-isn Sais ses Wesoaies saigsenes ga cle Sontercuiats 1st SCO aaa 31 
Girdle shatte ab: Or. de ceee cscs saceeenses Beatles Nace epaeec Pasoa es cere Sets « 0.0 13 
Proximal end :— 

Length of terminal surface along the curve ..............ccsceec00 11 
Maximum width of terminal surface...) 62... 0..:.cccesesensaneceeee 4:5 
RVAOE DY Ment a MECTIOR AN C1C. 6. ofc A asennenceccbsses=nanaoeansueedess 15 

De ADAMO SLORIOR AMP LC hac. cai pe seledais Gods Joilempiacsigs sinesierneaees 1 
See UE des ee o cenion a nctaerneee caccranroniecssecanacatees ces 21 
Direct line between anterior and posterior angles of terminal 

RERIACE (2 0-adoeociesnies peahee ans Ceenncpildne sect dassatenn ent. stateee 
Distal end :— 

PI wee oon «chev sicdals evibiasmaas enjoy Gas desiea ake eenaia ssn aenisens 24. 
Transverse diameter of terminal surface ...............scseeescsees 9 
Width (from upper to under surface) of posterior condyle ... 5 

5 RDLEE CYS) Che TEC OYG A CREB apart ole A, ne er 3 
tl Ab MMOLEMOCY OIG: NOL): <twasceices clack e-c/e Gcicececieeis se 3 

EXPLANATION OF PLATE XVI. 

Left Saurian humerus from Kimmeridge Bay. In the Collection of J. C. 
Mansel, Esq. 

(‘The fractions annexed to the figures indicate the extent of the reduction from 
the natural size. ] 
Fig. 1. Under (or anterior) surface: a, anterior (or outer) border ; 0, proximal 

end; ¢, distal end. 
2. Upper (or posterior) surface: @, posterior (or inner) border ; 6, proximal 

end; ¢, distal end. 
3. Proximal terminal surface. 
4, Distal terminal surface: a, anterior ; 2, posterior end. 
5. Transverse section of shaft, showing the absence of a medullary cavity : 

a, anterior, 6, posterior surface. 

[* Mr. Seeley informs me that the name of ‘ pe ee megalonyx” has 
now been attached to this specimen.—W. S. 
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3. Notes on some Fosstz Remains of a GaviaL-Lixe Savrian from 
‘  Kiwwermer Bay, collected by J. C. Manse, Esq., establishing 

its identity with Cuvier’s Drvxtkme GaviaL p’Honrizvur, Téte a 
museau plus court (STENEOSAURUS ROSTRO-MINOR of GxEoFFRoY St.- 
Himarre, 1825), and with Quenstept’s Daxosaurus. By J. W. 
Hoke, Esq., F.R.8., F.G.S. 

[Puates XVII. & XVIIT.} 

Tue fossils which form the subject of this note consist of part of a 
lower jaw, with teeth and vertebra, imbedded in hard pyritic clay- 
stone, lent me by J. C. Mansel, Esq., and of parts of the upper and 
lower jaws, with several teeth zn situ and loose, portions of verte- 
bre and of ribs, a femur, and some other bones, which, owing to 
their fragmentary and crushed condition, I have not been able to 
identify, in the British Museum. 

As received from Mr. Mansel, the bones in the British Museum 
were nearly hidden in large masses of very hard stone containing, 
as is usual in Kimmeridge fossils, much pyrites, which made it very 
difficult to extricate them; but this has been successfully accom- 
plished, and the severed pieces have been very skilfully joined by 
Mr. Davies, to whom I am glad to take this opportunity of express- 
ing my obligation for much valuable assistance. 

Description— Upper Jaw.—Of this the British Museum has the 
extreme end of the snout, comprising the symphysis, with about 4 
inches of bothintermaxille, forming the antero-lateral boundary of an 
undivided terminal nostril, which has a laterally compressed oval 
form, and is not swollen at the sides as in the living Gavials and in the 
extinct Teleosaurs. The oval nostril is indented in front by a 
slightly overhanging, medial, tubercular production of the symphysis. 
A thin seam of stone marks the open intermaxillary suture. The 
outer border of the upper surface of the portions of the intermaxille 
bounding the nostril makes a blunt ridge with the nearly vertical 
outer surface, from which the upper surface slants inwards and 
downwards to the inner surface; and this latter slants downwards 
and outwards, so as to overhang the floor of the nostril, with which 
it makes an angle of rather more than 45°. - 

The alveolar border of the right intermaxilla has been laid bare ; 
it contains three alveoli; and the hard palate has been traced to 
within -9 inch of the symphysis, which shows that the palatine 
processes of the intermaxillaries subtend the greater part of the nostril, 
and that the prepalatine foramen is proportionately lessened, a point 
of resemblance to the living Gavial in which this latter differs from 
crocodiles proper. The outer surface of the intermaxille bends 
evenly outwards and backwards from the symphysis. There is not 
any indication of a notch for the passage of the fourth tooth; and, 
as far as I can judge from this fragment, the snout tapered regu- 
larly, ending bluntly. 

There is another fragment, 54 inches long, which belongs, per- 
haps, to the upper maxilla. It contains five alveoli, four of which 
include portions of teeth. The outer surface is moderately convex ; 
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the inner surface is less convex transversely than the outer, and 
bears a deep longitudinal groove. The buccal surface is longitu- 
dinally flat, and it rises gently towards its inner border, which 
makes it slightly hollow transversely. The outer surface of both 
fragments is smooth; it has a close grain, and a fine longitudinal 
striation. 

Dimensions of the Anterior Extremity of the Upper Mawilla. 

inches 
Antero-posterior diameter of symphysis .............. 1:8 
Maximum vertical depth of symphysis................ 2°3 
Length of fragment of intermaxilla ...........5..-..+ 4 
Diameter of first and second alveoli in right intermaxilla,. 1:1 
Width of nostril at level of its floor at posterior surface of 
MRM TMG se 8s, age eR ae ey ey Car eal, Bat ages LS 

Width of nostril at angle where the inner and upper sur- 
PACES IOL WHEL AMIN AVM CCl ye 2g aacg te Vc. Wier ein din since os, LO 

Maximum width of nostril at angle where upper and outer 
CH BOM LASS CAE OR AG bce aera a ee eo ol 

Vertical depth of intermaxilla at posterior surface of frag- 
BST ae Sheer tein reel tee ed Spnial eee aar Sieldia kecel oySutp talons scien tL 

Transverse diameter of intermaxilla at junction of upper 
ERICSON, SUPLACES sca ety nae icrahs of, Sdn a vty Sod a's, oss 1:3 

(oredomag Woot Of MOS oy is oii ses, hs ele oi’ s sip e-ahe mle 1:65 
Max. vert. depth of nostril from its floor to meeting of 

upper and outer surfaces of intermaxilla .......... 0:95 
Breadth of snout just behind symphysis .............. 3 

Lower Jaw.—In the British Museum there is now, stripped of its 
matrix, in continuous fragments, which have been cleverly joined 
by Mr. Davies, a nearly complete right ramus, including the entire 
non-tooth-bearing part, measuring 30 inches from its posterior ex- 
tremity to the hindermost visible tooth*, with 4 inches of the tooth- 
bearing part. Viewed from above, the dentary part, with 4 inches 
of the ramus behind it, appears to be nearly straight, and from this 
point the ramus curves outwards nearly to its posterior extremity, 
where it becomes slightly inflected. When the straight, toothed part 
is placed horizontally, the ramus behind it is observed to have a 
large upward curve. The upper border of the jaw, traced from 
behind forwards, exhibits first a gently inclined, slightly longitudi- 
nally hollowed and transversely flat postarticular surface, 2-7 inches 
long, separated by a transverse ridge from a longitudinally concave 
articular surface of nearly equal length, which looks forwards and 
upwards. From this the border declines gently for about 5 inches, 

* The upper surface has been more recently cleared of the matrix behind the 
tooth, exposing four more alveoli, which, with two, for which there is ample 
space in an intermediate fragment on which the distal end of the femur lies, 
make six, or perhaps seven, teeth behind the point where the symphysis pro- 
bably begins, and lessens the length of the non-tooth-bearing ramus to between 
22 and 23 inches. 
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where, at 7-5 inches from the postarticular ridge, it makes a coro- 
noid eminence, which is less elevated than that of lizards, but which 
rises more than that of crocodiles. From this onwards the border 
sinks at first in a rather steep curve, and then runs forwards nearly 
horizontally to the straight dentary part. 

The lower border of the ramus sweeps downwards and forwards 
from the posterior extremity in a nearly uniform curve to about 6 
inches behind the hindermost tooth, from which point onwards it is 
nearly straight. Six inches from the posterior extremity, and 4 
inches behind the coronoid process, the curve is broken by a distinct 
angle. . . 

The form of the toothed part may be roughly compared to a three- 
sided prism. The upper surface is nearly flat, and its inner border 
rises slightly higher than its outer border, which is pierced by the 
alveoli at short intervals. The inner surface is vertical. It is scored 
by furrows and striz, which begin a little distance in front of the 
angle which the straight part makes with the curved part of the 
jaw, and which mark, I think, the beginning of the symphysial 
suture. The outer and under surface, much defaced, is transversely 
convex. Behind the straight dentary part, the ramus loses in thick- 
ness, and at about 6 inches from the last visible tooth it begins to 
gain in depth, while the inner and outer surfaces becoming par- 
allel, the transverse section has here an oblong figure. From this 
backwards the depth of the ramus increases till it attains its maxi- 
mum in the coronoid eminence, behind which it declines to the pos- 
terior extremity. 

The large vacuity in the outer surface, between the angular, sur- 
angular, and dentary bone, present in all living crocodiles, and, as 
far as I can learn, in all extinct ones of the Tertiary period, is 
entirely absent from this Kimmeridge jaw, in which the component 
bones meet closely. For about 16 inches from the posterior ex- 
tremity, the outer surface is nearly equally shared by the angular 
bone below, and an upper splint comprising, I suppose, the dentary 
and surangular, with a small portion of the articular bone. About 
13 inch in front of the postarticular ridge, and therefore just at 
the front of the articular surface, on the upper border, there is a 
fissure filled with stone, which may be the suture between the arti- 
cular and surangular bones; but I cannot trace any suture marking 
the respective shares of the surangular and dentary bones, unless a 
fissure running along the bottom of a groove which indents the 
surface of the jaw, parallel with its upper border, for 7 inches 
forwards from the coronoid eminence, be part of it, of which I feel 
very doubtful. This composite surangular and dentary splint, with. 
the articular, forms the upper border and the greatest part of the 
posterior extremity of the ramus. From this latter to a short 
distance in front of the articulation, the natural surface of the bone 
has suffered from chipping, and is quite destroyed here; but it re- 
appears in front of the articulation, and it exhibits, for about 12 
inches, a fine longitudinal striation; the strie spread from a point 
in the lower border of the splint, below the articulation, in a fan- 
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like manner, the lower ones coursing parallel to this border, while 
the upper lines radiate towards the coronoid process. The angular 
bone forms the lower half of the hindermost 16 inches of the ramus, 
and completes the posterior extremity. It composes the whole lower 
border of the ramus for about 25 inches, and it is also visible on the 
inner surface, below the articular bone, from which in this situation it 
is marked off by a suture, which, further forwards, a couple of inches 
in front of the salient anterior internal angle of the articular bone, 
becomes lost in the matrix. In the outer surface a conspicuous 
suture, nearly straight for the first 9 inches from the posterior ex- 
tremity, and then curving downwards for the next 15 inches, sepa- 
rates the angular bone from the dentary and surangular bone above 
it. The anterior two-thirds of the angular bone are also longi- 
tudinally striated ; and the uppermost striz run out obliquely at the 
upper border of the bone, which helps to increase the distinctness of 
the suture between it and the surangular. On the inner side, the 
anterior internal angle of the articular bone projects strongly 3 inches 
above the lower border of the ramus, and nearly 6 inches from its 
posterior extremity ; its anterior margin descends at first almost 
vertically, and then curves forwards to the suture with the angular 
bone. In front of this the inner surface is hidden for nearly 4 
inches by large splints of bone lying athwart it, which are, I think, 
pieces of the upper jaw*; and for 6 inches in front of these it is 
much defaced ; but beyond this, to the dental part, it is smooth, 
and channelled by a broad, shallow, longitudinal groove. The sple- 
nial bone is wanting. 

The piece of the lower jaw lent me by J. C. Mansel, Esq., consists of 
7 inches of the anterior extremity of the right half. The lower and 
upper lines meet in rather a blunt point. The outer surface, trans- 
versely convex, is beset with a few vascular foramina below the two 
first alveoli. The inner, vertical surface is scored with marks of the 
symphysial suture. The upper surface is horizontal and flat, rising 
slightly towards the inner border ; its outer third is pierced by the 
openings of six sockets, from the four last of which fully grown teeth 
protrude. Thesections which Mr. Mansel has most kindly allowed me 
to have made}, show clearly the loose implantation of the long tooth- 
fangs in capacious alveoli, which have a forward and outward in- 
clination that gives a corresponding slant to the teeth. The alveolar 
apertures in the border of the dentary bone are quite distinct from one 
another. They are here separated from each other by very evident 
unbroken partitions, which, however, are less complete in the in- 

* These splints have been further exposed since the above account was written ; 
they are portions of both maxillz crushed and retroverted, so that the front 
end overhangs the posterior extremity of the ramus of the lower jaw. The 
nasal bones are absent; but the groove into which they were received reaches 
forwards for a considerable distance on the upper and inner edge of the max- 
illary bones. 

+ For getting these sections made I am under great obligation to Mr. Ethe- 
ridge. 
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terior of the jaw-bone, owing to the increasing dimensions of the 
tooth-roots towards the bottom of the alveoli. 

Dimensions of Lower Jaw. 
Right ramus. inches. 

Length from posterior extremity to the hindermost visi- 
ble tooth... 2 2 ee as ae ee ee ae 30 

Length of articular surface measured from its ant. int. 
angle to the postarticular ridge ................-. ay 

Length of postarticular suiface 23.3.8) S045 RS 2-7 
Distance of coronoid process from the sostavtlouie 

Hide” 1 RR ty a Ee ee 75 
Horizontal distance between coronoid process and angle 4 
Distance of angle from posterior extremity of jaw .... 5 
Depth of jawiat anple:. 6 Meee. APS Se ae 4:5 

s at coronoid eminence) ..42 0 hos ke 6 
‘ at-articular cutface (8 eee 3°5 

Teeth.—Of these several are in situ, some have fallen out of their 
sockets and lie scattered in the matrix, and others are loose. They 
vary much in size and in length, but they may very properly be 
called slender and tapering. They are slightly incurved, and curved 
slightly backwards. In the fully grown teeth, a long root or fang 
buried in the alveolus, a long, tapering, enamelled crown, and a rela- 
tively long intermediate neck without enamel are distinguishable. 

The fang is subcylindrical. Some have a slight lateral compres- 
sion, giving to their cross section an egg-shape—the smaller end 
turned backwards. They have a remarkably large, conical pulp- 
cavity, open below, and ascending through the neck a long distance 
into the crown. Their outer surface is finely striated longitudi- 

_ nally, and it is distinguished by its light brown colour and by its 
want of polish from the highly polished deep madder-brown crown. 
This latter is laterally compressed, unequally convex, the outer 
surface being less swollen than the inner ; it is also two-edged, and 
the edges, which are back and front, are finely notched. In a 
strong light, the serrature is recognizable by the unaided eye, and 
it is always distinctly perceptible to the touch. 

The posterior edge begins rather earlier than the anterior on the 
neck of the tooth; and the first two or three lines are unbroken. A 
shallow marginal depression of the outer surface runs parallel to the 
notchededges. The highly polished crown is overlaid with very fine, 
closely-set, longitudinal striz just visible to the unaided eye in a 
good light, the striz scarcely rising above the surface. On the more 
convex inner surface a few broader, widely set, parallel striz are 
prolonged from the lower limit of the enamel for some distance 
upon the crown, but they do not reach its top. Some of the crowns 
are marked with faint annular indentations. 

Succession of the Teeth.—The presence of the germ of an imma- 
ture crown in the pulp-cavity of a fully-grown tooth, the occurrence 
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of an annular fragment of a former fang around the fang of an 
effective tooth in one of the alveoli, and the protrusion of a small 
immature tooth from a very wide alveolus demonstrate that, as 
regards the manner of succession of its teeth, this Kimmeridge cro- 
codile agreed with those of our day. 

Minute Structure of the Teeth.—This so agrees substantially with 
that of living crocodiles that any description of it is superfluous. 

Vertebre.—All the vertebre which have as yet been brought 
into view are amphiccelian ; both articular faces are moderately but 
decidedly hollow. The centrum is cylindrical. Its middle is con- 
stricted, laterally compressed, and overhung by the expanded arti- 
cular ends, which have a nearly circular contour. In two of these 
vertebree the posterior articular face has a rather longer vertical 
than transverse diameter, due, I think, to squeezing. The neurapo- 
physes, laterally compressed and thin, are suturally attached to the 
upper surface of the centrum in nearly its whole length, reaching, 
however, nearer to the anterior than to the posterior margin. The 
suture descends slightly on the side of the centrum. The neural 
eanal is indented by a median groove, deepest at its middle, as is 
common in some crocodiles. 

One of the vertebrz, imbedded in the same mass of stone as the 
ramus of the lower jaw in the British Museum, has a costal facet 
on the anterior margin of the transverse process (diapophysis), near 
its root, and none on the centrum, which makes it correspond to 
the fifth or sixth thoracic vertebra of living crocodiles, from which, 
however, it differs in the absence of a hypapophysis, as well as in 
its hollow articular faces. Beyond this costal facet the process 
has been unfortunately broken off; its section is trihedral; but the 
right transverse process is 3°5 inches long. The posterior border of 
the neural spine, the only part of it visible, is -5 inch thick, and 2°5 
inches long, and it ends abruptly as if squarely truncated. The 
postzygapophyses are very mutilated, they project backwards from 
the neurapophysis, their lower ends nearly meeting in the level of 
the crown of the neural canal, and their upper ends diverging. Their 
surfaces look outwards and downwards. In another vertebral arch 
with the spine and transverse processes, which, from the great 
length of these latter, together with the absence of a costal facet 
from their anterior margin, I presume to be part of a posterior 
thoracic vertebra, the prezygapophyses project from the front of the 
neurapophyses just above the plane of the anterior margin of the 
diapophyses. The size and form of their surface arehidden; but 
their anterior margin is part of a very wide curve, and it has a 
more nearly upward direction than in the more anterior vertebra. 

VOL. XXV.—PART I. 2k 
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In British Museum. 
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Ribs.—Imbedded in the same blocks of stone with the vertebrae 
and jaws are fragments of several ribs. The longest of these, 12 
inches long, lies across the outer surface of the lower jaw. For 10 
inches it is cylindrical; and it has an average diameter of °8 inch. 
Its distal end is flattened; the flatness may have been slightly in- 
creased by squeezing, as the texture of the bone shows here signs of 
crushing. Its vertebral end is forked, and some of the other frag- 
ments are also distinctly bifurcated; but in none are the actual 
articular surfaces preserved. 

Limb-bones.—The only limb-bone which I can identify is a long 
bone, the distal half of which is seen lying across the lower jaw. 
Its proximal half has been exposed in the reverse side of another 
block, so that, very unfortunately, the entire bone cannot be viewed 
at once. The broken ends, however, fit accurately, and there can- 
‘not be the slightest doubt of the original continuity of the two 
pieces. This bone agrees more closely with the femur of the liy- 
ing crocodile than with the humerus of this latter; and on this 
ground I believe it to be the femur, the left one. In its present state 
it is 14 inches long. The proximal end is expanded transversely, — 
and it measures 3 inches across. Its under surface bears a subhemi- 
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spherical articular head, below which is a slight swelling, which I 
take to be the traces of a crushed and worn trochanter. The shaft 
has been much squeezed. All the fractures show that the interior 
consists of cancellous tissue, which, in some situations, has a very 
open texture, without, however, there being strictly any medullary 
canal. The axis is very slightly twisted, much less, I think, than 
in existing crocodiles. The line of the anterior border of the shaft 
is convex, and that of the posterior border correspondingly hollow. 
The distal end is much damaged, but traces of one condyle are 
recognizable. 

Dimensions of Femur. 
inches. 
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These diameters are from back to front; those from upper to 
under surface are less. 

Conclusions.—The conclusions resulting from my examination of 
the fossil remains of this Kimmeridge Saurian are :— 

J. That it is an amphiccelian Gavial-like crocodile. 
II. That it is probably identical with Cuvier’s 2nd Honfleur Gavial, 

“‘téte a museau plus court,” to which Cuvier assigned vertebree of his 
“ systeme convexe ;” Steneosaurus rostro-minor of Geoffroy Saint- 
Hilaire, 1825; Metriorhynchus, Von Meyer, 1830, who reversed 
Cuyier’s disposal of the vertebra, and gave those of the “ systéme 
concave ” to the short snout ; Steneosaurus, Owen, 1841, who adopted 
Von Meyer’s allotment of the vertebrx ; Streptospondylus, Von Meyer, 
1847, who returned to Cuvier’s association of the opisthoccelous 
vertebre with the “téte 4 museau plus court;” Metriorhynchus, 
Bronn, 1851. 

III. That it is also identical with Dakosaurus, Quenstedt. 
IV. That Dakosaurus is probably Cuvier’s second Honfleur Gavial 

“‘ téte 4 museau plus court.” 
I now proceed to establish these points serzatim :— 
I. That this Kimmeridge Saurian is an amphiccelian Gavial-like 

crocodile is proved beyond doubt by its bifurcated (anterior) ribs, 
the long transverse processes of the posterior thoracic vertebre, the 
sutural attachment of the neurapophysis to the centrum, the con- 
cavity of both articular faces of this latter, the nature of the 
attachment of the teeth and the manner of their succession, the 
restriction of the teeth to the symphysial part of the jaw anda 
very small piece of the adjoining ramus, the relatively long sym- 
physis, and the single undivided terminal nostril. 

II. It is probably identical with Cuvier’s second Honfleur Gavial, 
“<¢éte 4 museau plus court.” 

In order to make this clear I must first cite briefly those facts 
relating to the Honfleur Gavials which bear directly on this matter. 

252 
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They are found in the ‘Annales du Muséum d’Histoire Naturelle,’ 
t. xii. article iv. pp. 88-101 (Paris, 1808), and in the ‘ Ossemens 
Fossiles,’ t. v. partie i. article iv. p. 143 (5th ed., Paris, 1826). 

In a collection of fossil bones from the neighbourhood of Honfleur, 
made by the Abbé Bachelet, and afterwards transferred to the 
Museum of Natural History, Paris, Cuvier recognized parts of the 
upper and lower jaws of two species of Gavials, differing from all 
recent and extinct ones then known, and also vertebree of fee kinds. 
The least-mutilated lower jaw comprised the entire dentary por- 
tion, with the greater part of both rami. The composite character 
of the jaw, its teeth, and the manner of their implantation and of 
their succession demonstrated the crocodilian nature of the fossil. 
In its long symphysis and in the restriction of the teeth to this part 
of the dentary bone, Cuvier saw resemblances to the Gavial; but 
he also perceived that the Honfleur Gavial differed from the Gange- 
tic in the relatively greater length of the ramus, in the smaller 
angle included by the rami at the symphysis, in the more regularly 
tapering form of the head, and in the absence of the oval hole pre- 
sent in the outer surface of all known living crocodiles. Cuvier 
does not give a very detailed account of the teeth ; but he mentions 
that they are conical and striated, and have “deux arétes tran- 
chantes.” (Figs. 1 & 2, pl. vii. Oss. Foss., are upper and side views 
of this lower jaw.) 

To this lower jaw Cuvier confidently allotted the fragment of an 
upper jaw comprising the symphysis with part of both mtermaxil- 
laries containing three alveoli and forming the front of the external 
nostril. (Figs. 6 & 7, pl. vill., are upper and under views of this fos- 
sil.) 

Cuvier’s lower jaw wants the posterior extremities of the rami, 
while from the Kimmeridge jaw the middle of the dentary piece is 
absent. A comparison of its measurements with those of the Hon- 
fleur jaw given by Cuvier is therefore not possible; but im all the 
points in which a comparison can be instituted, the resemblance be- 
tween the Kimmeridge and the Honfleur jaw is very close. 

The Kimmeridge lower jaw, like the Honfleur (téte 4 museau 
plus court), has also a very long non-tooth-bearing ramus, which in- 
cludes a larger angle with the straight tooth-bearing symphysis 
than does the living Gavial’s ; and this makes a sharper mandibular 
arch, indicative of a more uniformly tapering head, than the Gavial’s. 
It also has not the oval hole in the outer surface which we find in 
all living crocodiles, and in all those, I think, of the Tertiary period. 
Its teeth, too, are conical, (very finely) striated, and they have “ deux 
arétes tranchantes.” 

Next, the likeness of Cuvier’s upper view of the fragment of the 
maxilla of the “téte 4 museau plus court” (fig. 6, pl. vil. ‘ Osse- 
men’s Foss.’) to the corresponding view of the same part of the upper 
jaw of this Kimmeridge crocodilian is so striking that it is impor 
not to recognize it. 

This Honfleur fragment is very remarkable from the absence of 
bulging, and from the lateral compression of its terminal nostril. 
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The Kimmeridge snout has the same oval, laterally compressed 
terminal nostril in which the Honfleur “ téte 4 museau plus court” 
differs from the Gangetic Gavials and the Teleosaurs; and taken 
by itself, I think its specific identity could scarcely be doubted by 
any one who compared it with Cuvier’s figures 6, 7, pl. vill.; while 
if, when making the comparison, the strong resemblance of the lower 
jaw is borne in mind, the conviction that the individuals are speci- 
fically identical becomes irresistible. 

That Cuvier rightly matched the jaws of his ‘“‘téte a museau 
plus court”’ is now established by the conjunction of the jaws in this 
Kimmeridge fossil, which affords us another instance of the won- 
derful sagacity of this master in paleontology. ‘The occurrence of 
amphiccelous vertebre, and one of these probably the 5th thoracic, 
together with these Kimmeridge jaws is important, because it re- 
moves all doubt which of Cuvier’s vertebral systems belongs to the 
“téte 4 museau plus court,” and makes it evident that it is the 
““ systeme concave ”*, 

IIT. The Kimmeridge crocodilian is identical with Dakosaurus of 
Quenstedt. 

Inasmuch as the genus Dakosaurus was founded on teeth only, 
it is with those that the comparison between it and our Kimme- 
ridge Saurian must be made. 

Quenstedt’s description of the teeth of Dakosaurus in ‘ Der Jura,’ 
Tubingen, 1858, p. 131, was drawn from six teeth in a piece of jaw, 
probably the lower, 1 foot long; they are two-edged, serrated, un- 
equally convex, subincurved, subretrocurved and implanted. He 
adds that he had formerly + described these teeth under the provi- 
sional name of Megalosaurus; and he points out that they differ 
from genuine Megalosaurian teeth in the greater compression, coarser 
serrature, and more sickle-like curvature of the latter. Further, 
Quenstedt identifies with his Dakosaurus the large tooth which 
Prof. Plieninger described in the ‘ Wiurttemb. Jahresheft,’ 1846, and 
represented in fig. 2, tab. 3. of this work under the name Greosau- 
rus maximus, a name which Plieninger withdrew in 1849, on addi- 
tional evidence that differentiated his Saurian from Sommering’s 
acrodont Geosuar t. 

Our Kimmeridge teeth agree in every essential particular with 
those of Plieninger’s Geosaurus maximus, and with those of Quen- 
stedt’s Dakosaurus. Plieninger’s figures (fig. 2, Taf. 3), which are 

* For a précis of the various views which have been entertained by later 
writers I must refer to Pictet’s ‘ Paléont.’ and Brown’s ‘ Lethza.’ In face of the 
positive facts that “des vertébres de la deuxiéme espéce (i.e. systéme concave) 
étaient pétrées dans le méme morceau que la grande machoire inférieure, ce qui 
pourrait aussi engager a croire qu’elles venoient du méme individu” (Ann. du 
Mus. t. xii.), it is very remarkable that Cuvier should have allowed spe- 
culation to prevail, and have assigned to this jaw the “systéme convexe en 
ayant.” 

t Cf. “ Flotzgebirg. Wirttemb.” p. 493 in Handb. der Petrefakt., tab. 8, 
fig. 4. 

+ Cf. Wirttemb. Jahresheft, p. 252, tab. 1. f.'7, 189-50. 
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much more carefully executed than Quenstedt’s, might have been 
drawn from one of our crowns, so complete is the resemblance. 

The teeth of the Kimmeridge Saurian, like those of Dakosaurus, 
are slightly incurved, slightly backward-curved, laterally compressed, 
and unequally convex. They have a serrated front and back cut- 
ting edge, and they are finely striated. They are stouter than the 
teeth of Megalosaurus ; their curve is also less sickle-like; and the 
serrature of their trenchant ridges is less coarse than that of this 
Dinosaur. 

But, because comparison with actual specimens is more satisfactory 
than that with descriptions, however close to nature these may be, 
I have compared our teeth with other Dakosaurian teeth in the Bri- 
tish Museum, and I have found them to be specifically identical*. 

IV. That Dakosaurus is probably the same as Cuvier’s “‘ deuxieme 
Gavial de Honfleur, téte & museau plus court,” follows as the 
necessary consequence of the II. and III. of these conclusions, 
because, if this Kimmeridge crocodilian is identical with each of 
these, they must be identical with each other. 

If these conclusions be ultimately proved correct, I would propose 
to retain Geoffroy St.-Hiliare’s original name Steneosaurus rostro- 
minor, to the exclusion of all given subsequently to his Memoir of 
1825. 

Note.—Since this paper was written, a further examination of the 
fossils presented to the British Museum has led to the discovery of a 
considerable part of the skull, with the complete snout, of this Kim- 
meridge crocodilian. I shall take an early opportunity of com- 
municating a description of it to the Society.—J. W. H., Oct. 17, 1868. 

EXPLANATION OF PLATES. 

Puatt XVII. 

Fig. 1. Upper view of end of upper jaw of the Kimmeridge Gavial-like Croco- 
dile, showing front half of subterminal nostril. 

2. Side view of the same. 
3. Posterior view of the same. 
4. Outer view of right half of lower jaw of the samet. a, rib; 4, part of the 

femur ; ¢, part of the left half of the lower jaw, reversed. (‘This last I 
at first conjectured might be a crushed piece of the upper jaw.) 

Puatz XVIII. 

Figs. 1 & 2. Side and front views of the neural arch and spine of a vertebra. 
a, prezygapophysis. 

3. A trunk-vertebra, showing the anterior articular surface, the neural canal, 
and the long transverse process. ; 

4. Side view of an early dorsal vertebra. There is a costal facet on thean- — 
terior margin of the transverse process near its root. ; 

* I greatly regret not to have had the advantage of seeing in print Mr. Mason 
Wood’s paper on Dakosaurus, read in the early part of this session—the more 
so that, although present on the evening on which it was communicated to the 
Society, my mind being preoccupied by another subject, I did not give Mr. 
Wood's paper the attention it deserved. 

t As the portions of this jaw entrusted to me by Mr. Mansel have been found 
to fit those in the Britisn Museum, the jaw is shown in a single drawing after 
restoration. 
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Discussion. 

Mr. Szerey remarked that in the base of the Oxford Clay, there 
was what he regarded as a peculiar form of Dakosaurus, with two 
serrated ridges close together on one side of the tooth, and one on 
the other. Vertebree of similar character to those exhibited occurred 
in the Kimmeridge Clay at Ely, but the teeth were rarely perfect. 
The author’s conclusions confirmed his own surmises. 

4. On the Guotoay of a Portion of Axsysstnta*. By W. T. Bran- 
FORD, Esq., F.G.S., Assoc. Roy. School of arate &e., late Geologist 
Abyssinian Expeditionary Force. 

TE geology of Abyssinia has been more or less examined by several 
eminent French and German travellers—Riippellt, Rotht, D’Ab- 
badie§, Rocher d’Héricourt ||, and especially Ferret and Galinier { ; 
but still there is very much left to be ascertained before the geo- 
logical structure of the country can be said to be thoroughly known. 
The peculiar circumstances under which the late expedition was 
carried out limited the area of observation to the line of march 
from Annesley Bay to Magdala; but along that line and, in some 
instances, in its immediate neighbourhood a very fair opportunity 
was afforded for judging of the general geological structure of the 
country, and of the relations of the most important rock-systems to 

‘each other. Roughly speaking, after passing the Posttertiary or 
late Tertiary volcanic rocks and alluvial deposits of the coast, the 
formations met with presented a regular ascending series as far as 
Magdala, where the rocks belong to the highest group, with the ex- 
ception of recent alluvial deposits, met with on the highlands. 

After the departure of the expeditionary force, a few additional 
observations were made in Northern Abyssinia about Massowa, the 
Bogos country, and the Anseba valley. 

The following are the formations which have been noticed in 
Abyssinia, in descending order :— 

. Recent.—Soils of the highlands. Alluvial deposits near the coast. 

. Posttertiary ?—Aden series of volcanic rocks. 
. Tertiary ? or Cretaceous ?—Bedded traps, basaltic and trachytic. Mag- 

dala group. 
. Cretaceous? or Jurassic ?—Bedded traps, chiefly basaltic. Ashdngi group. 
. Jurassic.—Antalo limestones. 
. Infrajurassic (Triassic ?).«—Adigrat sandstones. 
a Metamorphic rocks. RSD OO 

It is unnecessary to dwell on the physical geography, which has 
been already amply treated by numerous able observers. It is suffi- 
cient to remark that the portion of Abyssinia traversed is the divi- 
ding ridge between the salt plain to the eastward and the Nile valley 

* The present is an abstract of the observations made, which will be pub- 
lished at length elsewhere. + Mus. Senckenberg. i. 286, p. 12. 

t Minchn. gel. Anz. 1844, &c. § Bull. de la Soc. Géol. vol. x. p. 121. 
|| Bull. de la Soc. Géol. 1846, p. 541; Compt. Rend. vol. xii. p. 732. 
€ Voy. en Abyss. vol. iii, 
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to the west, that the descent in the former direction is abrupt, in the 
latter gradual, and that from Senafé, where the force first reached 
the highlands, lat. 14° 40’ N., to south of Antalo (about 13° 10’) the 
country is comparatively entirely open, with but few ascents or 
descents of importance, of an average height of nearly 8000 feet — 
above the sea, and composed principally of metamorphic rocks, 
limestone, and sandstone; whilst from a few miles south of Antalo 
the road traverses a succession of passes from 9000 to 10,500 feet 
above the sea, and the only rocks seen are volcanic, belonging to 
two distinct groups of bedded traps. 

Metamorphic rocks——These form the base of the greater portion 
of the Abyssinian plateau, if not,of the whole. As usual, they vary 
to a very great extent in mineral character and degree of meta- 
morphism, some being highly crystalline and even porphyritic 
granites, others mere slaty schists still exhibiting the original 
bedding. No reason was observed for dividing them into several 
groups; but itis possible and even probable that more extensive 
study would justify such division. 

The direction of the foliation is very constant. From Af Abed in - 
Habab (lat. 16° 10’ N.) to about 25 miles south of Adigrat in Tigré 
(about 13° 50’), upwards of 150 miles, it rarely diverged more than 
a few degrees from due north and south. The dip is not quite so 
constant; but it is usually nearly vertical, though exceptions, pro- 
bably due to disturbance, occur, at the base of the outer ranges es- 
pecially. In the Anseba valley and around Keren in Bogos the ° 
strike of the foliation changes to north-east and south-west. 

This strike is clearly due to cleavage, and not to original bedding ; 
for in some very slaty rocks near Senafé the original bedding was 
observed crossing the foliation. The same might also have. been 
inferred from the regularity of strike and high dip. 

This strike corresponds with many important features of the 
country, such as the north and south ravines which cut through the 
outer ranges and tend to so great an extent to facilitate access to 
the highlands. 

Adigrat Sandstone.—This is a massive sandstone, generally white 
in colour, of considerable thickness, which caps many of the higher 
ranges in Agamé, and the steep white scarps of which are perhaps 
the most striking natural feature in northern Tigré. It is in places 
about 1000 feet in thickness, but usually less. No fossils have been 
found in it, and its age is uncertain. Messrs. Ferret and Galinier 
class it, though with doubt, as Tertiary ; but as I found it to all ap- 
pearance distinctly passing beneath the oolitic limestone of Dongolo 
south of Adigrat, it is evidently of older date.. It is far from clear 
whether the limestone rests conformably upon it; probably it does 
not do so, as otherwise it is difficult to understand the total absence 
of the limestone about Adigrat and Senafé, where trap alone rests on 
the sandstone. It is possible that the coal-bearing sandstones 
known to exist west of Lake Dembea may belong to the same 
series as the Adigrat sandstone. 

The Adigrat sandstone always rests on metamorphic rocks. It is 
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succeeded by limestone, as already mentioned at Dongolo; but near 
Adigrat it underlies trap, probably of the Magdala group, with ap- 
parent conformity. 

Antalo limestone.—The next group in ascending order consists 
chiefly of limestone; and in this, for the first time, fossils occur in 
some abundance. The rock is pale-coloured and usually well stra- 
tified ; it occupies the line of route taken by the British force for 
about 70 miles from Dongolo till south of Antalo. To the north 
scarcely any other beds are interstratified ; but further south, es- 
pecially near Antalo, both sandstones and traps are met with, the 
latter being always doleritic, and a portion of the bands being, to 
all appearance, contemporaneous. The uppermost part of the for- 
mation is of sandstone and conglomerate, which are best seen in the 
Mishek valley south of Antalo. 

These limestones have been very well described by Messrs. Ferret 
and Galinier, who quite rightly attributed them to the Jurassic 
formation. Although fossils abound, it is singularly rare to find 
any. in sufficiently good preservation for accurate determination; but 
amongst those obtained are the following :— 

Hemicidaris, sp. nov., near H. Luciensis, D’Orb., and H. Wrightiz, Cotteau. 
Trigonia costata, var. pulla, Sow. _ 
Modiola Baini, Sharpe, or a closely allied species. 
Ceromya concentrica, Sow. 
C. similis, Sow. 
C., sp., perhaps a var. of C. excentrica, Sow. 
Pholadomya sp., near Ph. recurva, Ag., and P. concatenata, Ag. 
Ph., sp. near Ph. (Panopea) punctifera, Buv. 
Alaria, sp. 
Cerithium, sp. 

and numerous casts of bivalves. 
Other forms occur ; but the above are the most characteristic. 
Trappean serves.—Nearly all southern Abyssinia, with Shoa, is 

known to consist of bedded traps ; and although they do not occupy 
so extensive a surface in Tigré, they nevertheless cover a very con- 
siderable tract. 

On the road to Magdala voleanic rocks were met with at Senafé, 
where several hills consist of basalt and trachyte. The latter passes 
into a claystone which simulates sedimentary rocks to a remarkable 
extent, and forms the singular bosses known as Senafé rocks, which 
were mistaken for sandstone by almost all observers; indeed I was 
myself deceived at first. Near Adigrat is a great range formed of 
horizontal beds of basalt, and probably, in the upper portion, which I 
had no opportunity of visiting, of trachyte; but it was south of 
Antalo that the great trappean area was entered, and traversed’ 
by the route of the army, without a break, to Magdala. 

This trappean series plainly consists of two groups, the upper of 
which was clearly seen resting unconformably on the lower in the 
valleys of Atala and Ayba south of Antalo. The lower division I 
propose to call the Ashangi group, from its great development 
around the little lake of that name ; the higher the Magdala group. 
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Ashdingi group of traps.—The lower subdivision consists entirely 
of doleritic rocks. . 

Amygdaloidal basalts prevail, associated with volcanic ash or 
breccia. The beds are usually disturbed, and frequently inclined at 
considerable angles. 

The only place where the traps of this group were seen resting on the 
lower rocks was in the Mishek valley, where they are based upon the 
upper sandstones and conglomerates of the Antalo limestone. The 
section is obscure ; but there appears to be unconformity. 

In mineral character there is a marked resemblance between the 
rocks of this group and those of the great trappean formation of 
Western India. 

Mdagdala group of traps.—These consist partly of doleritic, partly 
of trachytic flows and ash breccias, the former predominating in 
general, but the latter very largely developed, especially in the 
higher portions of the group, and frequently occurring in beds of 
great thickness, weathering into immense vertical scarps, to which 
the peculiar profile of the higher peaks is largely due. To these 
thick beds the Abyssinian chieftains are indebted generally for the 
almost impregnable hill forts which form so remarkable a feature of 
the country. A great proportion of the beds are brecciated; and many, 
both brecciated and non~-brecciated, are highly columnar. Some sedi- 
mentary rocks were found interstratified in the gorge of the Jidda 
river and near Magdala, but no fossils were detected in them. 

These beds in Waag and Lasta differ from the subjacent group in 
being almost perfectly horizontal. To them I am disposed to refer 
the horizontal beds of the Harat range, west of Adigrat ; and pro- 
bably the lofty ridges of Simen (or Samen), west of the Takkazzye, 
are, in part at least, of the same age. If this be the case, this group 
of beds must once have covered the greater portion, if not the whole 
of Northern Abyssinia, and have been removed by denudation, 
which in all probability was entirely subaérial. Their detritus, 
spread over the valley of the Nile, doubtless accounts in a great 
measure for the fertility of Egypt. 

It is difficult to say whether the singular trachytes of Senafé, 
which are probably identical in origin with-the well-known pecu- 
liarly formed ranges around Adowa, belong to the same group. 
They may be accumulations around the ancient volcanic nuclei. 

Nothing positive can be asserted as to the exact geological age of 
either group of traps. The great outbursts which have covered 
Western India are Upper Cretaceous* (prenummulitic); and the 
volcanic rocks so largely developed on the south coast of Arabia ft 
are very possibly, in part at least, of the same age. There may be a 
general connexion between all these enormously developed series of 
lava-flows, without their being absolutely contemporaneous. Their 
enormous mass and their persistent horizontality, in many instances 
over large areas, entitle them to greater attention than they have 
over received. 

* See Memoirs of the Geological Survey of India, vol. vi., Art. 3. 
+ Carter, Journal Bombay Br. Roy. As. Soc. vol. iv. pp. 28, 91, &c. 
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Aden series of volcanic rocks.—Along both shores of the southern 
portion of the Red Sea and of the Gulf of Aden, there is an im- 
mense development of volcanic rocks, amongst which are many re- 
cent and, itis said, afew active craters. These formations have been 
described by several travellers*. 

Near Zilla, on the west side of Annesley Bay, these beds are but 
sparingly represented ; but all the eastern shore of the inlet consists 
of them. Near Massowa they are better seen and consist of lava- 
flows interstratified with beds of ashes and of sedimentary deposits, 
gravels, and sandstones, some of which contain marine shells. 

The lava-flows differ entirely from all the volcanic rocks of the 
highlands, and are assuredly of much later date. Still some of them 
may be far from recent, the great denudation they have undergone 
in places indicating considerable antiquity. As a rule they are in- 
clined.and present the appearance of having been much disturbed. 

Recent formations.—These are not, for the most part, sufficiently 
important to demand much attention. Large alluvial deposits exist 
along the coast, north of Massowa and elsewhere, which appear not 
to be marine, but are more probably due to the washing down of 
pebbles and sand by rain and small torrents from the hills, They 
are frequently of considerable thickness. 

Black soil precisely similar to the “regur” of India exists in the 
neighbourhood of the basaltic rocks on the highlands, and is pro- 
bably derived from their decomposition. Of the plateau (Wadela- 
Talanta) between the Takkazzye and Jidda rivers, the northern half, 
where traversed by the British force, was of trachyte and had no 
black soil on it; the south consisted of basalt covered by black soil. 
The latter, just like the Indian “‘regur,” seemed peculiarly well 
adapted to the growth of cereals rf. ; 

Denudation.—The enormous gorges cut by the rivers near Mag- 
dala attracted general attention, though they are in reality trifling 
when compared with those of the Takkazzye and other rivers. If it 
is correct to believe that the trappean formations once covered Abys- 
sinia (and certainly it is difficult to escape the conclusion), then 
from 4000 to 10,000 feet must have been removed from by far the 
greater portion of the surface. There is not a trace of marine denu- 
dation over the surface examined. 

Lake Ashéngi.—This small piece of water, the only one of the 
Abyssinian lakes which it was possible to visit, lies in a small basin 
of basaltic rocks and has no visible outlet. The perfect sweetness 
of the waters, and the absence of any evidence of great change of 
level, prove that a subterranean outlet must exist. It is by no 
means clear how the rock-basin has been formed. Its form is op- 
posed to the idea of its having been due to glacial action, and no 
trace of the former existence of glaciers could be detected ; but it 

: * Ferret et Galinier, ‘Rocher d’Hericourt,’ &c. 
t+ It should be remembered that some Indian black soil can scarcely be 

derived from basalt. Such is the case in the extensive deposits of the lower 
Cauvery valley. Those who have only seen the soils of western India are 
sometimes vot aware of this. 
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should be remembered that the surfaces of basaltic rocks are very 
susceptible of decay. 

Discussron. 

Mr. Erurripner remarked on the similarity of the Oolitic speci- 
mens to those from the Cotteswold Hills, and also to those from 
the Holy Land. Similar fossils also occurred in the far east, and 
even in Australia. 

The Presipent remarked that this range was not greater than 
that of some recent species ; and in answer to his inquiry, 

Mr. Buanvorp stated that there were no marks of glaciation dis- 
cernible in Abyssinia, the excavation of the valleys being appa- 
rently due to the excessive rainfull. 

5. On the Grapuite of the LAURENTIAN of CANADA. 
By Prof. J. W. Dawson, LL.D., F.R.S8., F.G.S. 

(The publication of this paper is postponed.) 

[ Abstract. ] 

Tue author described the modes of occurrence of great quantities 
of graphite in the Laurentian limestones of Canada. It occurs both 
in beds and veins, the latter generally not true fissures, but shrinkage- 
cracks or segregation-veins. It is also disseminated, in scales &c., 
through the substance of the rocks. The graphitiferous rocks are 
widely spread, both in Canada and the neighbouring portion of the 
United States. The author discusses the origin of this graphite, 
which he ascribes to the conversion of the remains of plants into 
bituminous matter, from which the graphite has in its turn been 
derived. In some cases he has found traces of fibres which he 
thought might be the remains of terrestrial plants. In conclusion 
the author referred to the interest attaching to this matter in con- 
nexion with the study of the conditions prevailing at the time of the 
deposition of these limestones, and especially as furnishing evidence 
of an abundance of vegetable life in the “ Kozoic”’ period. 

Discussion. 

Prof. BrayLry inquired whether there was any proof that the sub- 
stance called graphite might not be anthracite. He did not himself 
know of any instance of the passage of one of those substances into 
the other, and regarded graphite as of chemical origin, and not as 
directly derived from vegetable matter. 

Mr. Matzzr did not think that it was possible for any organic 
forms to remain in a substance so purely crystalline as typical 
graphite. The presence of organic remains was an argument in 
favour of the masses mentioned i in the paper’ being lustrous anthra= 
cite rather than graphite. 
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6. On the Corretation, Nature, and Orniein of the Drirts of Norta- 
west LANCASHIRE and a part of CUMBERLAND, with Remarks on 
Denvpation. By D. Macxrytoss, Esq., F.G-S. 

ConTENTS. 

1. Introduction. e. Glaciated Rock-surfaces near 
2. Coast-section of Driftsat Blackpool. Ulverstone. 

a. Upptr Boulder-clay. d. Lower Boulder-clay or “‘ Pinel” 
b. Middle Sand and Gravel. between Bardsea and Bay- 
c. Hagberg ‘‘ Rockery.” cliff. 
d. Lower Boulder-clay and Loam. é. Pinel and Contorted Sand and 
e. Postglacial Deposits. Gravel near Ulverstone. 
f. Origin of the Blackpool Drifts. f. Contorted Sand and Gravel in 

3. Drifts between Lancaster and Carn- other parts of the Furness 
forth. peninsula. 

a. Derivation of Limestone Boul- g- Pinel at High Levels. 
ders. h. Upper Boulder-clay. 

4. Denudation of Drift Deposits. z. Drift Capping of Dunnerholme. 
a. Origin of Lake- and Swamp- j. Upper Boulder-clay at Barrow. 

basins in Drift. . k. Surface Boulders. 
6. Subaérial Denudation of Drift l. Sections obtained by Borings 

Deposits. near Ireleth. 
e. Origin of Drift Escarpmentsand | 6. Drifts of Whicham Valley and 

Valley-plains. Blackcombe. 
5. Smoothed Rock-surfaces and Drifts | 7. Direction and Derivation of the 

of the Furness peninsula. Flow of Granitic Drift in North- 
a. Distinction between Glaciated, west Lancashire. 

Rain-worn, and Sea-worn | 8. Connexion between Boulder-drifts 
Rock-surfaces. and Superficial Accumulations 

6. Rockwork of Birkrigg Moor at High Levels. 
and Hampsfell. 

1. Iyrropvuction. 

Are the drifts of different districts merely local variations of one 
great formation which cannot be systematically divided? or can 
these deposits in their more persistent features be satisfactorily syn- 
chronized over extensive areas? As this is a very important ques- 
tion, and as little or no notice of any attempt to classify or correlate 
the drifts of the north-west of England has yet been communicated 
to this Society, the author hopes that the following account of obser- 
vations made during prolonged visits to Blackpool, Ulverstone, and 
Lancaster in 1868-69 may not prove unacceptable. 

2. Coast-Srction oF Drirts at BLAcKPoot. 

There are perhaps few parts of England where such extensive and 
instructive sections of distinct kinds of drift are clearly exposed as 
in the immediate neighbourhood of Blackpool. Beyond an acquaint- 
ance with the fact, derived from the Geological Magazine*, that Mr. 
Binney, F.R.S., had found sea-shells in, and had written on these 
drifts about eighteen years agot, when the triplex division of drift 

* Mr. Darbishire on “ Drift-beds,” vol. ii. No. 7, July 1865. 
+ Memoirs of the Lit. and Phil. Soc. of Manchester, vol. x. 
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deposits had scarcely been suggested*, the author thought it best to 
remain ignorant of what had been said about this particular locality 
previously to his making a series of personal observations 7. 

* Mr. Hull has lately worked out this division in some of the more inland 
districts of Lancashire. See Mem. Lit. Phil. Soc. Manchester for 1863-64, and 
Memoirs of the Geological Survey. 

t+ Since making observations on the Blackpool drifts, I have seen perhaps the 
finest section of the three drifts in vertical succession to be met with in south 
Britain. It is about 150 feet high, and embraces Lower Boulder-clay, middle 
sand and gravel, and Upper Boulder-clay. The drifts are exposed in a river- 
cliff at Redscar, about three miles north-east of Preston. They will be described 
in one of Mr. Hull’s forthcoming Geological Survey Memoirs. The Lower 
Boulder-clay is here much less stony than at Blackpool and in Furness. 

Fig. 1.—Sketch-map of parts of Lancashire and Cumberland. 

Cartmel 

é 

=z 
Lower Boulder-clay. Middle Sand and Upper Boulder-clay. 

Gravel. 

EXPLANATION 

The Maps of north-west Lancashire and part of Cumberland are intended to give 
are either driftless, or they have not beenexamined by theauthor. In Furness 
believed to be equivalent to the more decided drift of the neighbourhood. 
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a. Upper Boulder-clay.—The existence of an Upper Boulder-clay 
along the coast is clearly defined. It stretches into the interior to 
an unknown distance. On the coast it thins out and disappears in 
a southerly direction. A considerable thickness of it may be seen 
as far south as Market Street, Blackpool, in a recess on the west side 
of which this clay is now in course of being excavated (Dec. 1868). 
It may be seen in the railway-cutting near the Blackpool station, 
further south in the brick-pits near the National School; and I have 
traced it thinning out over a light-coloured tenacious clay (Lower 
Boulder-clay ?) east of the old Independent chapel (see Postglacial 
deposits). West of the Independent chapel, the clay now in course 
of being carted away to the south shore appears to be a deeper, 

Fig. 2.-—_Sketch-map of the Peninsula of Furness. 
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a rough idea of the distribution of drifts. Where there is no stippling, the areas 
the stippling in some places is extended to areas covered with earth and detritus 
No attempt has been made to map the Postglacial deposits. 
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tougher, and more marly part of the Upper Boulder-clay. The stone 
facing or “hulking” of the sloping shore from the New Pier to the 
Gynn, conceals this clay on the coast ; but in the gully close to the 
Gynn Inn a fine coast-section of it commences. It reaches a thick- 
ness of at least 30 feet, and may be distinctly seen overlying the 
middle sand and gravel for a distance of about two miles in a north- — 
erly direction, and irregularly attenuating until it is lost under blown 
sand. In its upper part it is generally of a dull red colour and 
somewhat incoherent; in its lower part it is compact, and often of a 
grey or blue colour. Generally speaking, though not always, stones are 
rather sparingly distributed through it, and they are seldom large. 
A kind of grey siliceous sandstone, occasionally with quartz veins, 
is perhaps the most prevalent; but greenish grey porphyry is very 
common, and granite not unfrequent. A large boulder may here and 
there be seen. The upper part of this deposit is used as.a brick- 
clay and the lower as a marl*. Itis apparently devoid of stratifi- 
cation, though, I believe, the action of spades in brick- -pits and of 
rain on sea-cliffs is capable of effacing all traces of bedding in either 
of the Boulder-clays (see Lower Boulder-clay between Bardsea and 
Baycliff). The Rev. Mr. Thornber informed me that he found a 
lump of hematitic iron-ore from the Furness district in this clay. 

b. Middle Sand and G'ravel_—Beneath the Upper Boulder-clay a 
very fine section of sand and gravel may be seen exposed in the cliff 
north of Blackpool. It would appear to thin out in a southerly di- 
rection before reaching Blackpool, or under some part of the town, 
as no trace of it can be detected on the coast south of the New Pier, 
where the lower clay comes nearly to the surface, and is directly 
overlain by Scotch slutch or (a little further inland) by the upper 
clay. I have not seen it exposed further south than the Gynn 
gully. It cannot be cut off by a fault in the gully, as the lower 
clay underneath preserves a nearly uniform level all along the shore. 
It probably wedges out between the two clays ashort distance to the © 
south of the Gynn. In the Gynn gully, about 30 feet in thick- 
ness of the sand may be seen capped with the upper clay. Here the 
edges of the lamin have to a certain depth been cut off by denuda- 
tion on the landward side. To the north of the Gynn the deposit 
of sand and gravel is well known; and many sea-shells (Cardiwm, Tel- 
lina, &c.) have been found in it by Mr. Binney, Mr. Darbishire, and 
others. It consists of successive beds of fine and coarse sand dis- 
playing many varieties of oblique lamination and false bedding, 
alternating with layers of well-rounded pebbles likewise more or less 
false-bedded. The sand comes nearly to the surface immediately to 
the north of Uncle Tom’s Cabin, but again becomes covered with 
the upper clay. Northwards, nearly a mile beyond Uncle Tom’s 
Cabin, the middle drift consists almost entirely of arenaceous beds 
(capped with clay) which dip towards the north at a small angle, 
the surface of the ground above nearly conforming to the dip, until 
in the direction of Rossall these beds are lost under blown sand. 

* The existence of marl-pits in this part of the country may almost be a 
as an indication of Upper Boulder-clay. 
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c. Eagberg ‘‘Rockery.”—In the Eagberg cliffs, north of Uncle 
Tom’s Cabin, both the laminated sand and pebble-beds have here 
and there become consolidated into rock as hard as some kinds of 
millstone-grit*. Owing to the formation of rain-ruts on each side 
and the washing away of the looser matter underneath, fragments 
of the sandstone or conglomerate become undermined and fall down. 
In their descent they either reach the beach or become entangled in 
the facing or talus of fallen clay. In the latter case they project 
from a temporary matrix of soft or loose matter, in which they are 
believed by the country people to have grown. The harder lamine 
of sand and layers of pebbles project beyond the softer parts, giving 
rise to fantastic shapes. In their merely fallen state they are, I 
believe, of comparatively little value ; but when they are reached by 
spring tides, and smoothly rounded by the waves, they are highly 
prized as ornaments to enclosures in front of houses &c. They some- 
times resemble certain styles of architecture, the gothic arch and 
window included, and often mimic the table and smith’sanvil. They 
are believed to become harder by exposure to the sun. About 
half a mile (some say a greater distance) from the present cliff-line a 
very large split block, called Pennystone, may be seen, at the lowest- 
water mark. Itis a mass of consolidated middle drift, much too 
large, it is believed, for the sea to displace. It is supposed to lie in 
the spot where it fell from the then-existing sea-cliff, and is looked 
upon as an evidence of the removal of half a mile of Eagberg hill 
by the gradually encroaching sea since the days of Edward II. Near 
it there is a smaller stone called the Carlin or Witch-stone; and both 
stones are referred to in the following traditional couplet :— 

Penny stood, Carlin filed, 
Red bank ran away 7. 

Except during exceptionally high tides, the sea does not now 
encroach on the “ Red bank.” 

d. Lower Boulder-clay and Loam.—I have traced this formation 
under high-water level from a point nearly half a mile south of the 
New Pier to more than half a mile beyond Uncle Tom’s Cabin. In 
most places it is temporarily, in some places perhaps permanently co- 
vered with recent sand and shingle; but it exhibits larger or smaller 
areas which at any time may be seen swept clean of all loose mate- 

rials. Near the coast, where its surface slopes a little seaward, it 

resembles a hard artificial concrete pavement. Further out at sea, 

and at a lower level, its character is varied. The following notes 

* It is interesting in connexion with this fact to notice that Mr. G. Maw has 

observed hard blocks of consolidated sand and gravel occurring at a certain level 

though not in a connected band, in the drift intervening between the chalk and 

(Upper) Boulder-clay of the high ground of Suffolk (Quart. Journ. Geol. Soe. 

Jan. 23, 1867). This consolidated sand and gravel is probably of the same age 

with that at Blackpool. 
+ For this information I am indebted to the Rev. Mr. Thornber, of Blackpool, 

a well-informed antiquarian. Red bank signifies the drift-cliff reddened by the 

facing of Upper Boulder-clay, which is continually falling down and obscuring 

both the middle sand and gravel and Lower Boulder-clay. 

VOL. XXV.—PART I. .2F 
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refer to different portions of it near mid-tide level, or to the same 
portions modified by fresh sections being exposed at different times 
by the sea :—-South of New Pier the Lower Boulder formation cannot 
be easily described. Within a small compass it seems to vary both 
in vertical and horizontal succession—in one place a fine, uniform, 
tough, and bright yellowish-brown clay more or less laminated, in 
another a fine loamy sand—here a rather solid brown clay with a 
grey marly or shaly fracture, there a coarse sand charged with stones. 
But you cannot travel far without seeing these variations of structure 
graduating into, or succeeded by, the main character of the forma- 
tion, namely a very hard brown clay generally full of subangular 
and rounded stones, varying from the smallest size up to boulders 
commonly so called. They consist of porphyry, granite, &c., the 
proportion of igneous and metamorphic rocks being greater than in 
the upper clay. The loose pebbles on the beach would here appear 
to have come chiefly out of this formation ; and to it may be traced 
nearly all the large boulders which occur at intervals. Some of 
these boulders reach the size of 5 feet in diameter. Many of them 
continue firmly fixed in the clay, where they have probably remained 
since they were first imbedded. The sea washes the clay from 
around them, and by the gyratory action of its waves excavates cir- 
cular depressions ; and in this way it has probably succeeded in up- 
rooting and displacing some of the boulders* North of Blackpool 
Old Pier, a fine clay, loam, and hard stony clay similar to the above 
make their appearance under mean-water level. A short distance 
to the south of the Gynn, in the bed of the sea, the fine bright yel- 
lowish-brown loam exhibits oblique and curved lamination, the thin 
layers cropping out around small synclinal basins. Further north, 
near Uncle Tom’s Cabin, the finer part of the Lower Boulder formation 
assumes the form of a laminated reddish brown sandy loam nearly 
as solid as rock. Beyond Uncle Tom’s Cabin a similar deposit may 
here and there be seen at low water; but there, as on the south 
beach, it graduates into the prevailing hard stony clay. Along the 
whole shore, nearer to the cliff-line, the hard stony clay may be traced. 
It is probably a higher bed than the one containing fine clay and 
loam ; and a great part of it would appear to have been recently 
denuded. Of its former thickness, at least in some places, one may 
form an idea from coast-sections north of Uncle Tom’s Cabin. 
Under the middle sand and gravel, and separated from this formation 
by a distinct line of demarcation, the hard stony clay rises in two 
places above the base of the cliff, as represented in figs. 3and 4. In 
the most northerly instance the lower part of the cliff, to the height 
of at least 20 feet, is composed of it. It likewise forms the solid 
floor of the beach for some distance seawardt. This is a favourable 

* During the very high tides of January and February 1869, according to 
newspaper reports, several large boulders were displaced, and one of them thrown 
up on the promenade. 
t Northwards it disappears under the dipping sand-beds of the middle drift. 

In the cliffs further south a removal of the talus might reveal sections in addi- 
tion to those I observed. 
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spot for studying the prevailing character of the hard stony clay 
(Lower Boulder-clay). In the lower part especially, it looks like a 
kneaded mass of clay, grit, and stones of various sizes. Grains and 
small fragments, as well as good-sized stones of quartz, here enter 
considerably into its composition, and give it a speckled appearance. 
Many of the stones are igneous or metamorphic: some are well 
rounded; but generally speaking they appear little more than blunted 
or rubbed, as if they had been pushed along. Most of them are 
more or less scratched and striated. 

Fig. 3.—Transverse Coast-section of Drift to the north of Uncle Tom’s 
Cabin. (Cliff about 70 feet in height.) 

re Ses 
nee. 
Sac a 

A. Upper Boulder-clay. B. Middle sand, gravel, and “ rockery.” 
C. Lower Boulder-clay. 

é. Postglacial Deposits.—On the coast south of Foxhall Inn, and 
extending far in a southerly direction, a Postglacial clay may be 
traced. Near its northern termination, and some distance out at 
sea, I found a thin remnant of it resting on the Lower Boulder-clay. 
It is well exposed on the shore near the promenade now in course of 
being constructed (December 1868)*. It may be about 15 feet in 
thickness. It is of a very soft and yielding character, and here and 
there exhibits curved lamination. It is more or less charged with 
decayed vegetation, and in many places is full of very small stones, 
generally smaller than a pea. The lower part, called Scotch slutch, 
is of a light bluish-grey colour; the uppermost foot, called white ore 
or stepmother’s jag, of a very light grey hue. It includes at least one 
thin layer of peaty matter. On the coast it is overlain by a bed of peat 
between 2 and 3 feet thick. Inland it varies in thickness, and here 
and there thins out, as if it had been accumulated in hollows, 
and it is generally overlain by peat, which in many places is covered 
with stratified sandt. The latter would appear to have been de- 
posited when the land was slightly lower relatively to the sea than 
at present, though it ought not to be forgotten that this area is still 
subject to high-tide inundations. A part of the low ground behind 
Southshore was formerly occupied by Marton Mere, in the bed of 
which, the Rey. Mr. Thornber informed me, the skin of a British 
canoe (the wickerwork decayed) was found many years ago §. 

* It is possible that some of the coast-sections described in this paper may 
have been destroyed or confusedly mixed up with artificial accumulations by 
the tides of January and February 1869. 

tT The stratified sand is replaced by or covered with blown sand between South 
Shore and Lytham. 

{ The site of a mere near Southport is called Marten. 
§ We may soon expect from Mr. De Rance (of the Geological Survey) the 

22 
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f. Origin of the Blackpool Drifis.—Leaving the question of the 
origin of the Postglacial 

Ss. 

South Shore. 

Blackpool. 

t from near the French College to about a mile beyond Uncle Tom’s 

The Gynn. 

Oabin (not drawn to scale). 

Uncle Tom’s 

Cabin. 

Fig. 4.—Longitudinal Coast-section of Dri 
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, the latter covered with bedded sand. 

C. Lower Boulder-clay and laminated loam. JD. Bluish grey 

, overlain by several feet of peat 

, and “‘rockery.” 

B. Middle sand, gravel 

clay or warp, called Scotch slutch and white ore 

A. Upper Boulder-clay. 

deposits to those who have devoted more at- 
tention to their character as exhibited on 
different parts of the Lancashire coast, I may 
remark that while few would doubt the 
marine-glacial origin of the Upper Boulder- 
clay, and while no one can dispute the purely 
marine origin (with the exception of boulders 
drifted.into it by floating ice) of the middle 
sand and gravel formation, the precisé mode 
of accumulation of the Lower Boulder-clay 
appears involved in mystery. At first sight 
any one might hastily conclude that it is a 
land-glacial deposit; but a reconsideration 
of its varied phenomena, and a correlation 
of this clay with what we have reason to 
believe are equivalent deposits on the other 
side of Morecambe Bay (see sequel) and in 
South Lancashire, would seem to point to 
accumulation under mixed glacial and marine 
conditions. Admitting that the stones and a 
ereat part of the clay were furnished by 
land-ice (in the Carnforth area the stones 
would appear to have been transported chiefly 
by coast-ice; see sequel), the sea at least 
must have kept up what may be called a 
running accompaniment to the accumulation 
of the drift-matter, by washing out and re- 
depositing its finer parts in the shape of 
laminated loam. In some parts of North- 
west Lancashire the Lower Boulder-clay may 
be entirely a land accumulation; but it is 
difficult to resist the belief that where this 
formation spreads out continuously over large 
flat areas, it must have been deposited under 
the surface of the sea*. It may likewise 
be remarked that at Blackpool the numerous 
eranitic boulders and stones, which could not 

results of the first thorough, minute, and systematic 
investigation that hasyet been made of the succession 
of Postglacial deposits and their connexion with 
deposits of the prehistoric and historic periods. He 
has been surveying the country south and east of 
Southport. 

* IT have just learned (March 1869) that Mr. 
‘Morton, F.G.S., some time ago discovered sea shells 
in Lower Boulder-clay near Liverpool, and that one 
of the Geological Surveyors (whose name I am not 
yet at liberty to publish) has made a discovery during 
a short visit to Blackpool! which.demonstrates that 
the Lower Boulder-clay there, is, at least partly, of 
marine origin. 
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have come from a less distance than Eskdale, would seem to favour 
the idea of floating ice; for while it is generally admitted that the 
bulk of land-glacial drift must be local, it is very improbable that a 
flow of land-ice from Eskdale, on reaching what is now the bed of 
the Irish Sea, should have turned round in the direction of Black- 
pool; and this improbability will still further appear when we take 
into consideration the fact that the primary striation of North- 
west Lancashire is from north to south, or from north-north-east to 
south-south-west (see sequel). 

3. DRIFTS BETWEEN LANCASTER AND CARNFORTH. 

Between Blackpool, Preston, and Lancaster the country is more 
or less covered with drift, which I had little opportunity of examin- 
ing; and between the valley of the Lune and Carnforth my oppor- 
tunities of observation were. more limited than in the three other 
districts noticed in this paper. On walking from Lancaster to Carn- 
forth one cahnot fail to be struck with the enormous mass of drift 
which almost everywhere conceals the solid crust of the earth. Its 
thickness in many places cannot be less than 200 or perhaps 300 
feet. Its surface is very undulating, in some places consisting of 
knolls like a flattened form of esker, in others presenting the appear- 
ance of parallel drwmlins *, though on minute inspection it is seen that 
the latter are not sufficiently parallel or regular to be correlated with 
the drumlins of Ireland. I was unable to see any exposure of drift 
in which the line of contact between two distinct deposits could be 
clearly made out.. At Hest Bank I fancied that the sea-cliff showed 
an indistinct line of demarcation between a hard Lower and a com- 
paratively yielding Upper Boulder-clay, but could not make sure of 
the existence of more than one formation, and that apparently Lower 
Boulder-clay. Me | 

The two fine sections at Hest Bank consist of sea-cliffs cutting 
across drift-knolls. The one furthest from the railway station is 
about 50 feet in height. The clay is full of stones, of sizes varying 
from small pebbles up to very large boulders of limestone. They are 
much striated, and often rounded only on one side. Between here 
and Morecambe, and along the beach at Morecambe, large stones are 
generally found in groups, which might merely indicate the places 
where the Boulder-clay came to the surface, were it not that where 
this formation runs continuously for great distances along the coast 
the large boulders occur, with few exceptions, in groups—a circum- 
stance which, if well established, would indicate their having been 
dropped by floating ice rather than left by land-icef. 

On the hill near Lancaster, called Lancaster Moor, a hard reddish 
sandy clay, very much resembling lower Boulder-clay in its structure, 
may be seen resting on a surface of millstone grit which has been 
glaciated either towards or from the valley of the Lune, in my 

* The Rey. M. H. Close (see Journ. Roy. Geol. Soc. Ireland, vol. i. part 3) be- 
lieves that the parallel ridges called drumlins were accumulated under land-ice. 
+ In Staffordshire, Shropshire, &c. the boulders of granite, porphyry, and 

other far-transported rocks are generally found in groups. 
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opinion glaciated up hill either by a great flow of land-ice or by 
floating ice. The mode of striation of the stones which have been 
taken off the fields, or dug out of one or both Boulder-clays, and 

heaped on the road-side between Lancaster and Carnforth, would 
seem to point to the action of floating ice. The striations very fre- 
quently occur on more than one side, often on nearly opposite sides, 
and sometimes all round the stone, in a manner indicating that the 
stone was not only turned over during the process, but twisted round 

horizontally. 
Beyond Carnforth railway-station a section of reddish Boulder-clay 

full of stones lying at all angles has been exposed in a cutting. 
South of the station the cutting reveals the most extensive section of 
sand and gravel I have yet seen. It reaches a thickness of nearly 
100 feet, and is about a quarter of a mile in length. It is so ex- 
tremely varied as almost to defy description. For a considerable 
distance there are few or no large stones, the deposit consisting of 
alternating beds of coarse and fine sand and coarse and fine gravel, 
obliquely laminated and false-bedded on an extensive scale. There 
are several interpolated beds or masses of unstratified gravel, and 
towards the bottom a thick bed of laminated loam. The stones are 
not striated, with the exception of a very few of the largest, which 
are scratched all round. Some of the layers of sand and pebbles are 
as hard as Eagberg rockery. Further south the gravel contains a 
number of very large stones striated in various directions; it then 
becomes one mass of stones lying at all angles, and as firmly com- 
pacted as the stones of the Lower Boulder-clay ; it afterwards gra- 
duates into a regularly stratified and false-bedded gravel, which fur- 
ther on contains a great number of large boulders. The beds of the 
Carnforth section are apparently contorted to a certain extent, but 
not nearly so much so as in the sections near Ulverstone. The stones 
are nearly all limestone. 

a. Derwation of Limestone Boulders.—Supposing the smaller 
stones which compose the false-bedded part of the gravel to have 
been amassed by currents, the large boulders could not have been 
moved to their present positions independently of ice-action. Buta 
study of the physical geography of the district will convince one that 
when the land was submerged to the depth indicated by the sand 
and gravel, the upper parts only of the neighbouring limestone hills 
or peninsulas could have remained above water. Under such con- 
ditions land-ice could not have furnished the great bulk of the boul- 
ders included in the Carnforth gravels; and the rounded form of 
these boulders would seem to point to their having been subjected to 
sea-coast action previously to their transportation. We are thus led 
to regard coast-ice as the agency by which they were moved; and we 
need not travel far to find forms of ground and situations from which 
the boulders may readily have been launched. The face of Warton 
Hill, nearly opposite Carnforth, presents a series of platforms and 
cliffs with scattered blocks and fragments; but it was while walk- 
ing from Warton to Yealand that I was the most impressed with 
what appeared to be old sea-beaches covered with more or less 
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rounded limestone blocks, and bounded by cliffs. I had not time to 
ascertain if the protected sides of these blocks were striated ; but 
they looked as if they had only accidentally escaped being transported 
by the floating ice, which, for all that we can tell, may have carried 
away many of their fellow boulders and dropped them into the 
slowly accumulating gravels and clays of the then adjacent sea- 
bottom. 

4, Denvpation or Drirr Deposits. 

The drift-areas of N.W. Lancashire present a succession of 
smoothly-rounded heights and hollows—the vertical extent of the 
undulations reaching 200 feet. Sections show that this varied sur- 
face is mainly the result of denudation, and that the denudation has 
proceeded irrespectively of the structure of the underlying deposits. 
The lower and upper part of a knoll may consist of distinct kinds of 
drift ; one side ofa knoll may be made up of one kind of drift, and 
the opposite side of another kind; and all the phenomena would 
seem to point toa denudation of a broader and more sweeping nature 
than any form of atmospheric action. 

a. Origin of Lake- and Swamp-basins in Drift.—Perhaps the most 
prevalent form of hollow presented by the surface of drift-deposits 
(at least in some districts) is the shallow basin. It is merely a con- 
tinuation of the general undulating surface; and there is no reason 
for supposing that its lowest side has been left by deposition. The 
basin becomes a swamp, marsh, mere, or temporary (sometimes per- 
manent) lake. In many places these wet depressions remain; in 
most places they have been artificially drained. Scores of them may 
be seen between Blackpool and Carnforth, and not a few in the 
Furness peninsula. Were these basins scooped out by land-ice? 
The fact of their often occurring on the surface of Upper Boulder- 
clay shows that they could not have been subjected to land-glacial 
action (they generally occupy positions remote from upland valleys, 
in which glaciers may have lingered till after the glacial submer- 
gence), unless we agree with the Rev. O. Fisher in believing in a 
supplementary glacial period occurring between 100,000 and 200,000 
years ago, during which a great sheet of land-ice gave the latest 
finish to the configuration of the ground. It might be out of place 
in a paper of this kind to discuss the question of the excavation of 
these drift-basins beyond expressing an opinion that the idea of 
their formation by submarine currents can be better included than 
any other in aconsistent scheme of the succession of glacial and post- 
glacial events. 

b. Subaérial Denudation of Drift Deposits.—Where the surface of 
the drift does not exhibit a succession of knolls and basin-shaped 
depressions, it spreads out in the shape of uniformly flat plains, as 
between Preston and Longridge, and other parts of South Lancashire. 
Shallow ~-shaped passes, at greater or less intervals, cross these plains 
often nearly at right angles, and without any connexion with the direc- 
tion of the drainage*. Freshwater streams have taken advantage of 

* Between the estuaries of the Mersey and the Dee two depressions, evidently 
once tidal channels, run across from sea to sea. 
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the depressions; and the sharply defined brinks of the gullies they 
have excavated can at once be distinguished from the neighbouring 
form of ground. But streams in many places have made channels 
where little or no previous depression existed. The steepness of 
their sides varies with the compactness of the drift, the absence of 
springs, &c. But though the streams have been flowing in their chan- 
nels ever since the Glacial period, rain has not been able to bevel down 
the sides of these channels to a lower average angle than 30°. Geo- 
logists ought therefore to hesitate before attributing to rain the ex- 
cavation, i hard rocks, of valleys the sides of which rise above the 
river-channels at an angle of only 4° or 5°. 

c. Origin of Drift Escarpments and Valley-plains.—as already re- 
marked, depressions must have been formed in drift deposits before 
their elevation above the sea*. As waves at a stationary level are 
now wearing the slopes of these depressions back into cliffs, it is rea- 
sonable to suppose that the cliff-lnes now bounding valley-plains 
which have partly or wholly risen above high-tide level have been 
formed by wave-action. Rivers have wandered over these plains, 
and during floods deposited sand or loam. In many places they have 

' attacked the cliff-lines and worn them back into horseshoe-shaped 
curves. But some of the concavities in the drift escarpments bound- 
ing low-level valley-plains have escaped river-action, as would appear 
from the direction of the dip of the ground under them, from their 
form relatively to the old gullies which abruptly break their conti- 
nuity, from transverse sections of the bases of the escarpments re- 
vealing the kind of agency to which they were last subjected, &c. 

The river Ribble, at Redscar Cliff, near Preston, has evidently only 
lately attacked the concave escarpment, a part of which it is under- 
mining and carrying away, while a great part of the cliff-line on 
both sides of the valley-plain traversed by this river shows indica- 
tions of its having been formed by the sea‘. 

5. SmootHep Rock-suRFACES AND Drirts oF THE Furness PENINSULA. 

Between Carnforth and Ulverstone, along the sea-coast, several 
sections of drift may be seen exposed. To the west of Grange the 
hard Lower Boulder-clay appears in full force, and looks either like 
an old beach under an escarpment, or a fringe of a formerly extensive 
deposit. At Cark Station gravel and sand make their appearance. 
In the neighbourhood of Ulverstone one cannot proceed very far in 
observing drift-sections without seeing the importance of beginning 
his researches with examining the forms presented by the rock- 
surfaces of the district. _ 

a. Distinction between Glaciated, Rain-worn, and Sea-worn Rock- 
surfaces.—Ice, especially land-ice, is a planing agent. It uniformly 

* In each successive drift deposit depressions must have been scooped out 
while the deposit was wnder the sea, as these depressions are filled up with over- 
lying drift. The latest depressions formed in drift. must have risen above the 
sea without being filled up excepting by postglacial warp, &c. 

+ Mr. De Rance, of the Geological Survey, accompanied me when I examined 
the drift escarpments near Preston, and agreed with the conclusions at which I 
arrived. 
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shaves away the edges and grinds down the faces of stratified rock- 
masses. It can produce an undulating surface; but the vertical ex- 
tent of the heights and hollows must be small in comparison with 
their breadth. It cannot scoop out small deep basins, deep grooves 
pointing in various directions, and, least of all, funnel-shaped holes 
running down through slabs of rock. Water finding its way through 
cracks in glaciers may perhaps produce all these forms of rock- 
surface in valleys; but on the summits of limestone hills such pheno- 
mena must be referred to the action of rain or sea-waves. Rain (as 
I have already shown in this Journal*) cannot grind rock-surfaces 
so as to leave smooth curvilinear hollows cutting continuously through 
hard and soft parts of the stone; but it must communicate 4 rough 
irregular surface minutely corresponding to variations in lithological 
structure or composition. 

b. Rock-work of Burkrigg Moor and Hampsfell_—On the rocky 
summit called Birkrigg Moor near Ulverstone, and on the still higher 
eminence called Hampsfell, near Grange, rain is now clearly break- 
ing up everything lke regularity of form. It is converting pre- 
viously smooth basins into rough, pitted, and fretted depressions, and 
smooth grooves into jagged stone gutters. But these hills, especially 
the borders of Birkrigg Moor, present proofs of the most undeniable 
kind that no agent has formed the smooth and regular rockwork 
since the Glacial period. The basined, grooved, and funnelled sur- 
faces of limestone rock run under drift, without any change of form, 
excepting that, under damp clay, in many places the surface has been 
roughened. The connexion between sculptured limestone rock- 
surfaces and drifts in this district offers a new field of research to 
the geologist. So far as I have observed, the hollows must nearly 
all have been ground out before the deposition of the Upper Boulder- 
clay. They not only run under a loose reddish drift on the borders 
of Birkrigg Moor, but under the decided upper drift further west- 
ward; and sculptured boulders may be seen buried in this drift. 
Large sculptured boulders on Stainton Green (see sequel) present 
grooves and other hollows running continuously from the upper to 
the under surface, and along the latter down into the matrix of red 
loamy. The semi-island of Dunnerholme (see sequel) is covered 
with an upper drift which rests on sculptured limestone—the rounded 

stones of this drift still sticking in the funnel-shaped holes they ap- 
parently helped to grind out. But the period of the sculpturing 
of the limestone rocks must be carried still further back; for sculp- 
tured boulders may be found in hard Lower Boulder-clay, though in 
this clay the sculptured surface, the typical form of which can be at 
once recognized, has become irregularly pitted. Under the Lower 
Boulder-clay the rock-surfaces often present the same general forms, 
though in most places they have become fretted through some kind 
of chemical! action, probably intensified by the humus carried down 
from the surface by rain-water percolating through crevices. 

* Quart. Journ. Geol. Soc. vol. xxiv. pp. 277 & 278. 
+ On the sea-shore between Morecambe and Carnforth I have seen sculptured 

limestone boulders fixed in what looked like Lower Boulder-clay. 
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c. Glaciated Rock-surfaces near Ulverstone.—To the north of Ulver- 
stone, between Arrad Foot and Penny Bridge, and near to a house 
called Gawith Field, I saw one of the finest specimens to be met 
with in this country of a broadly and regularly grooved surface. The 
flutings were on the whitened face of a block of dark grey porphyry 
which had been built into a wall. But the most extensively gla- 
ciated rock-surfaces in the Furness peninsula may be seen on the 
sea-coast between Bardsea and Baycliff. The Boulder-clay, locally 
called “ pinel,” has been stripped off the glaciated rocks by the sea. 
The strie run approximately N.and S., or between N.and8. and N.N.E. 
and 8.8.W.; but in many places the lines cross each other at small 
angles in a very confused manner, as if the icy handle of the graving 
tool had moved unsteadily. Some of the boulders may be seen with 
striations crossing each other at angles amounting to15°. In many 
places under the pinel the limestone-rock is not glaciated. These 
facts ought to be mentioned, as they bear more or less on the ques- 
tion of the origin of the pinel. Near Baycliff an observer, if he has 
not been forewarned, may become painfully acquainted with the 
most perfect specimen of a polished rock-surface perhaps to be found 
in this country *. Over a number of square yards the compact 
limestone has received so high a degree of polish that no one can 
walk on it without running a great chance of falling. 

d. Lower Boulder-clay or “Pinel” between Bardsea and Baycliff— 
Indications of stratification.—On the east coast of the Furness pe- 
ninsula the sea has exposed a fine section of pinel which reaches 
the thickness of about 20 feet. It commences a short distance to 
the south of Bardsea, and extends with little interruption to the 
south of Baycliff. In some places it is little more than a confused 
mass of limestone-débris apparently torn up from the underlying 
strata; in other places the stones are subangular; generally speak- 
ing they are more or less rounded, and occasionally as much so as 
ordinary beach-gravel. The stones are chiefly limestone, the same 
as the rock below; but many of them have come from the Silurian 
slate-district to the north. Sometimes the limestone, sometimes the 
Silurian boulders are the most rounded or the most angular, as if 
rounding did not depend on the distance travelled. In a few places 
there is the appearance of a line of demarcation between the hard or 
lower and the rubbly or upper part of the deposit, as if the latter 
represented the Upper Boulder-clay. Generally speaking, there is a 
well-defined line of separation between the pinel and the underlying 
limestone-rock, which is here and there, not everywhere, glaciated, 
as before remarked. The main character of the pinel may be de- 
scribed as a mass of excessively hard yellowish-brown clay packed 
full of stones of various sizes, including numerous large boulders. In 
some places it would be more correct to call it a conglomerate or 

* Miss E. Hodgson, a talented local authoress, drew attention to this or to some 
neighbouring specimen of glaciated rock in the last volume of ‘ The Geologist,’ 
and gave a well-written account of the drifts around Ulverstone at a time when 
oe ee age and character of the drift-deposits of Lancashire were little un- 
erstood. 

=. —— 
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breccia than a drift. It is perhaps the most unworkable stuff in the 
world. The pick can make little, and the spade no impression on it ; 
and it cannot be blasted. During my first visit to this section I 
could see no indications of stratification, and in my notes called the 
pinel a “ terrible pell-mell accumulation ; ” but on examining it im- 
mediately after fresh faces of it had been exposed by the unusually 
high tides of the 31st of January, 1869, the appearance of stratifica- 
tion was very strongly marked. It was here and there curved, 
arched, and false-bedded, though the general dip was to the south 
at a small angle with the limestone floor underneath, a circumstance 
which is not easily explained on the theory of accumulation under 
either water or ice*. ‘The lines separating the beds were as con- 
tinuous as the number of imbedded stones would apparently allow; 
and in some places, where there happened to be few stones, the pinel 
was distinctly laminated. The pinel likewise presented the appear- 
ance of haying been fractured at intervals; but whether the rents 
were continued into the underlying limestone I had not an opportu- 
nity of ascertaining. One feature of the pinel I think deserves par- 
ticular attention. On the beach I saw a fallen boulder with hard 
lamine of loam adhering to one side, and I afterwards found that some 
of the boulders in the pinel above were partly bedded in thin lamine. 
As a mere attempt at an explanation of this phenomenon, I would 
suggest that the stone may have been held at a certain level by a 
mass of floating ice while the laminz were deposited beneath it, or 
that after the first imbedding of the stone it may have been partly 
uprooted by ice floating from N. to 8. so as to leave a space beneath 
it for the deposition of the lamine. Mr. De Rance, of the Geologi- 
cal Survey, on seeing my sketch, expressed his belief that the mere 
tendency of sea-wayes to insinuate themselves under stones firmly 
imbedded in drift might excavate a cavity on one side which 
might afterwards become filled with laminated loam, or clay. 
All these suggestions take for granted the presence of water, 
and are irreconcilable with the doctrine of accumulation under a 
great crust of land-ice. Here district or valley glacial action will 
not apply. 

e. Pinel and Contorted Sand and Gravel near Ulverstone.—The dif- 
ficulty of referring the accumulation of the pinel of this district to land- 
ice will still further appear when we come to observe the mode of its 
association with middle drift in the extensive section exposed west 
of the Ulverstone railway-station. I at first endeavoured to sepa- 
rate the pinel from the sand and gravel above it, but after five 
or six visits, between which fresh features were exposed, I could only 
arrive at the conclusion that the pinel is so dove-tailed into the 
lower part of the sand and gravel as to indicate that both formations 
must have been accumulated under water, and that ice must in some 
way have been instrumental in giving rise to the numerous displace- 
ments and contortions which render it almost impossible to unravel 
the details of this remarkable section. Instead of attempting to do 

* T very lately observed an instance of similar stratification in the Lower 
Permian Sandstone at Pontefract. 
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so, I shall merely quote from my notes. At the east end of the sec- 
tion, and near to the railway-station I unexpectedly found real pinel 
in a deep side-cutting. Its surface was uneven, as if it had been 
denuded. In one place the sand and fine shingle had found their 
way through a narrow opening down into a cavity in the pinel. A 
little further west the pinel gives place to sand and gravel, as in 
fig. 5. Above the section represented in fig. 5 there is a great 

Fig. 5. Section near Ulverstone. 

A. Coarse gravel (lower part of middle drift). B. Pinel graduating into 
a bed of small pebbles with patches of sand, C. D. Yellowish-brown loam 
graduating into a thin pebble-bed eastwards. E. Bed of fine dark sand more 
or less laminated, depth unknown. 

thickness of coarse and fine sand, coarse and fine gravel, and cleanly 
washed pebble-beds. Interstratification of coarse and fine materials, 
oblique lamination, and false-bedding are common. The beds are 
very much contorted, scarcely a layer being horizontal, many dip- 
ping at an angle of 45°, and some even at a higher angle. One 
boulder in the middle drift measured about 10x 4x5 feet. It was 
quite angular and not striated, in this respect differing from the 
more or less rounded and striated boulders of the pinel. At the west 
end of the railway cutting, where the ground falls, a bed of 
pinel about 3 feet thick rises nearly to the surface. It is covered 
with ochreous stony earth, and underlain by irregular layers of sand. 
Further east the pinel splits into two beds, one running up, another 
down, with a wedge of sand between, The upper bed graduates into 
a fine sandy loam ‘with patches of pebbles; the under bed dips be- 
neath the level of the railway and is lost. About the middle of the 
cutting there are several thick beds of sand and gravel. One of the 
latter, about 20 feet thick, consists of an unstratified mass of stones 
firmly compacted. It seems to differ from pinel only in the stones 
haying a matrix of sand instead of clay, in their being more rounded, 
and in their not being striated. So far as the complicated pheno- 
mena presented by the Ulverstone railway-section furnish indications 
of origin, I think that while the middle drift was accumulated by 
almost purely marine agency *, the pinel implies a further 
than glacial-marine conditions. 

f. Contorted Sand and Gravel in other parts of the Furness Pena 
—Sand and gravel more or less contorted may be found running from 

* Not quite, as the transported blocks and contorted stratification can only 
be explained by floating and stranding ice. 

———— 
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Ulverstone in terraces or knolls in the direction of Bardsea. A sec- 
tion of it, excessively contorted, may be seen in a pit at Gascow, near 
Conishead Priory. At Wadhead the sea has cut away about half of 
a sand and gravel knoll, containing unsteadily striated boulders and 
seams of consolidated sand. I have not had an opportunity of tra- 
cing the sand and gravel further south. West of Ulverstone it ex- 
tends continuously for nearly two miles. It appearsin the railway- 
cutting close to where the Dalton Road crosses the railway; and a 
section of it revealing false-bedding may be seen at the end of a row 
of cottages called Three Bridges. On the side of the road from 
Dalton to Ireleth, and in kmolls to the S. and 8.E. of Ireleth railway- 
station, and elsewhere in the neighbourhood, sections of it have been 
exposed. Between Ulverstone and the Duddon it reaches an altitude 
of at least 200 feet. Near thesummit-level of a wide pass or saddle 
between Penny Bridge and Arrad Foot (north of Ulverstone) a 
number of pits have been dug in a gravel knoll. At the bottom of 
one pit I observed very hard typical pinel with boulders, underlying 
stratified sand and gravel. In another pita bed like pinel and nearly 
as hard, but stratified, rose up to the surface in the form of a semi- 
arch. Another pit revealed obliquely bedded gravel and sand; a 
fourth pit, dark sand under compact gravel. The beds in all the pits 
were very much contorted; the pinel here and there seemed to run 
into beds of compact eravel ; and in other respects the drifts resem- 
bled those of the Ulverstone railway-section. A farmer told me 
that a knoll to the 8.W. consisted of similar sand and gravel. The 
altitude of these drifts is between 200 and 300 feet above the sea. 
In the valley of the Crake an ochreous drift with numerous scratched 
boulders runs down to the level of the river; and in this district we 
find an illustration of a fact which I believe to be of universal appli- 
cation in all districts containing erratic boulders: the rivers or 
brooks have nothing to do with the drifts lying in or near their 
courses further than reassorting them over very limited areas. It 
ought not to be forgotten that in North-west Lancashire (and, I be- 
lieve, in many other districts) the middle sand and gravel is more 
frequently found on plains, watersheds, or hill-sides than in what 
may be strictly called river-valleys *. 

g. Pinel at High Levels —It has just been eee that pinel may be 
found under the middle drift on the pass between Penny Bridge and 
Arrad Foot. Near to Beckside hamlet a good instance of its fre- 
quent mode of occurrence at high levels may be seen. It occupies 
small hollows in slate rocks with planed-off edges. Pinel runs up 
the sides of the hills to considerable altitudes between Beckside 
hamlet and Ulverstone, and in some places it looks like an old sea- 
beach or the remnant of a once extensive deposit still fringing or 
clinging to the mountain-slopes. About Lindal pinel may here and 
there be seen exposed in pit- and road-sections at levels varying 
from 250 feet to upwards of 300 feet above the sea; but much of 
of what is called loose pinel in this district is probably upper drift. 

* The pinel in hilly countries occurs frequently at the bottom of valleys and 
gullies, from which it thins out upwards along the slopes. 
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On walking from Ulverstone to Beckside village (Kirkby Ireleth 
district), over the intervening hilly region, the pinel may be traced 
almost continuously. On ascending the hill the gutter im the road- 
side reveals about the hardest and most typical pinel I have yet 
seen. Its colour is almost invariably yellowish brown. Valleys 
have been filled up with it toa certain height; and brooks have ex- 
cavated their channels in it. Beyond a house called Harlock, and 
along the east and north side of a round hill called Longslack, it runs 
continuously, and presents all the most typical characteristics of the 
formation, including large striated boulders. In most places it seems 
to have been covered to a slight depth with loose angular detritus. 
The pinel covers the greater part of the watershed of the flat shal- 
low pass between the Longslack and Crag-Height eminences, where 
it reaches an altitude of about 800 feet above the sea. It may be 
traced running down the western side of the pass, where it has not 
been covered with Upper Boulder-clay. It may possibly run under 
the estuary of the Duddon so as to form a more or less continuous 
deposit with the pinel on the other or Cumberland side of the river. 
The accumulation of the pinel mantling round Longslack, and pro- 
bably many of the neighbouring hills, might at first sight suggest 
the idea of a great flow of land-ice ignoring hill and valley ; and yet 
there would appear to be some difficulty in supposing land-ice capable 
of leaving a continuous spread of pinel clinging to the convex side 
of a hill and covering a wide shallow pass, as in the locality under 
consideration. 

h. Upper Boulder-clay.—Where the ground begins to decline on 
the western side of the above pass, the pinel gradually dips beneath 
arubbly clay. Lower down, on the Soutergate-road-side, at a height 
of about 700 feet above the sea, the line of demarcation between the 
pinel and this clay is very distinctly marked. Still lower down 
this clay presents features which can leave no doubt that it is of 
Upper-Boulder age. The channel excavated in it by the Cross beck 
reveals a thickness of at least 100 feet. In several places it may be 
seen resting on the denuded edges of slate rocks. It contains many 
smoothed, polished, and striated boulders. At a lower level, on the 
road-side, pinel occasionally makes its appearance underneath this 
upper drift. The pinel is hard and of a yellowish-brown colour*; 
the upper drift loose.and of a reddish colour. At a still lower level 
a small boulder of granite, a sign, I believe, of Upper Boulder-clay 
in this district (see sequel), made its appearance; and all along there 
were many boulders of porphyry and other rocks, which must have 
been floated across the valley intervening between this hill-side and 
the green slate and porphyry mountains. On many of the boulders 
the striz were bent across each other in a remarkable manner. At 
a small quarry above Gargreave, and about 250 feet above the sea, I 
saw the edges of compact slate rocks planed down and slightly 
grooved, the direction of the glaciation being 10° W. of N., or ob- 

* On the other side of the depression traversed by the Cross beck, as may be 
seen on the Beckside road, the upper drift has in most places thinned out, the 
pinel coming to the surface. 
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liquely to the slope of the hill. This looked like an instance of gla- 
ciation by the grounding of floating ice during the Upper-Boulder- 
clay period. Between the base of the slope and Dunnerholme, 
though stones of granite &c. may be found, few sections of drift have 
been exposed, so as to reveal the distinction between Boulder-clay 
and postglacial or recent marine deposits. 

2. Drift Capping of Dunnerholme.—Dunnerholme is surrounded on 
three sides by sea, and on one side by land which has evidently been 
sea at no very remote period. The limestone strata mainly dip 
S.W., but towards the western side 8.K. It is cliffedallround. The 
highest part of this semi-island is about 70 feet above the sea. It 
is more or less covered with Upper Boulder--drift from 2 to 5 feet 
thick. The drift, a red loamy clay, is well charged with rounded 
and half-rounded stones, many of them much more rounded than 
those now washed by the sea at the foot of the cliff. The stones 
consist of slate, porphyry, &c., with a small percentage of granite. 
The drift rests on a smoothed, hollowed, and funnelled limestone- 
surface, as before remarked. It is difficult to explain the presence 
of drift in such a perched position without supposing that the pla- 
teau once graduated into the neighbouring ground, and that since 
the deposition of the drift the sea has encroached all round so as 
to leave a bounding line of cliff. But if so, the conclusion can 
scarcely be resisted that isolated drift-covered plateaux in inland 
and upland regions must have been circumdenuded by the sea. 

On the road between Dunnerholme and Dalton granitic boulders 
are common. Upper Boulder-clay, with its usual accompaniment of 
brick-pits, undoubtedly runs along the shore of the Duddon estuary 
to Barrow; but in the central part of the Furness peninsula the drift 
(where it is not decided pinel or cleanly washed sand and gravel) is 
so tinged with red oxide of iron from the older hematitic deposits, 
and is so inconstant in its character, as to render the task of corre- 
lating it very difficult. It varies from angular detritus and red loam 
to red gravelly clay. On the watershed between Ulverstone and 
Barrow the furthest east specimen of granitic drift I could find was 
near the village of Stainton. But though granite in Furness may 
be regarded as an indication of Upper Boulder-clay, it does not fol- 
low that the upper-drift sea extended no further eastwards, but 
merely that the ice-laden current from the mountain source of the 
granite had here its boundary. I have not seen the clay on the 
coast at Rampside, near the southern point of the Furness peninsula, 
but, from information received, have no doubt that it is of Upper- 
Boulder age. Neither have I seen the sand hills to the south-east 
of Barrow. 

97. Upper Boulder-clay at Barrow.—At the Dalton-road_ brick- 
pit, Barrow, the Upper Boulder-clay appears in such full force as to 
justify the epithet applied to it in the 8.E. of England by Mr. Searles V. 
Wood, jun.,— The Boulder-clay.” As usual it is comparatively 
sandy, soft, or loose in the upper part, and more argillaceous or 
marly and solid lower down. Near the surface, it is here of a dun 
bluish-brown colour, the bluish tinge increasing downwards. Its 
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thickness varies from 40 to 60 feet. An intelligent Scotchman, who 
had been concerned in well-sinking, informed me that at a depth of 60 
feet under this clay the drift was found to consist of a layer of sand 
with water, a layer of fine bluish clay, a layer of fine gravel, and a 
layer of sand (middle sand and gravel?). The distinction between 
this Boulder-clay and pinel was sufficiently manifest. Unlike pinel, 
which is packed full of stones of all sizes up to a certain diameter, the 
stones were sparingly distributed through the clay under notice, and, 
with the exception of the large boulders, a number of the stones 
taken out of it at random, and gathered into a heap, exhibited a 
wonderful approximation to uniformity of size. In one heap the 
average diameter was from 5 to 6 inches. This looked as if the 
stones, previously assorted, had been brought from a sea-beach by 
floating ice, and here dropped into the clay as it was accumulating. 
I was able to trace this clay for a considerable distance N.E. on the 
Dalton road. What appears to be a continuation of it may be seen 
between Dalton railway-station and the tunnel, overlying a pebbly 
oravel.* 

k. Surface Boulders.—-There is a very large boulder of porphyry 
lying on the surface in a square not far from Barrow railway-sta- 
tion ; but it was on Stainton Green, near the centre of the Furness 
penininsula, that I met with the most extraordinary array of 
enormous boulders in close proximity I have anywhere seen remote 
from a hill-side from which they conld have fallen, and in a situa- 
tion where no valley-glacier could have left them. The largest was 
about 18 x 12x 4; but Mr. Bolton (a meritorious local geologist) in- 
formed me that three or four stones, at least twice as large, had been 
blasted and used for building. The lower part of the boulders was 
imbedded in ochreous drift. They were more or less rounded and 
smoothly sculptured, the sculpturing, as before stated, running down ~ 
under the stones. In some places they were polished. Here and 
there smooth basins and furrows had evidently been ground out. 
One curvilinear channel, not only smooth but almost polished, was 
two feet deep. On one side of it, and opening downwards, a smooth 
circular small hole presented a fac-simile of a part of a Pholas- 
burrow. ‘The possible derivation of these- boulders could easily be 
traced; for a limestone cliff consisting of rounded, basined, and 
channelled blocks might be seen three or four hundred yards off, 
from which they were probably floated by ice. 

1. Sections obtained by borings near Ireleth— As a means of ascer- 
taining the succession of deposits, bore-holes are seldom to be relied 
on; but, in connexion with the question of the triplex division of 
the drifts in Furness, it may be important to give a section of one 

* T had little time to notice the Postglacial deposits of the Furness peninsula. 
They consist principally of a bluish or greyish warp or clay, which partly fills 
up the low-level valleys, and runs round knolls of glacial drift—and of a forma- 
tion, more or less consolidated, of sand and shells, which I have reason to 
believe cannot be referred to any particular period, though it is certainly newer 
than the Upper Boulder-clay, and in many places older than the recent beach- 
sand and shingle. I have only seen it on the beach, at the mouth of a brook, 
near Seawood. 
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of the Ireleth Iron Company’s bore-holes at Askham Wood, near Ire- 
leth railway-station, in the basin of the Duddon (it was kindly fur- 
nished to me by Mr. Salmon, F.G.S.; the foot-notes are my own) :— 

6. Drirts or WuHIcHAM VALLEY 

AND BLACKCOMBE. 

On the way from Green Road 
station to Blackcombe, near a * Dark Clay ........-..0.....s00000. 51 
hamlet called the Green, a gravel- 
pit in the side of a mound shows 
a section of real typical hard pi- 
nel with sand-seams. I was in- 
formed that in the neighbourhood 
there was often a considerable focal 9; Clay, 3; gen 93 
thickness of sand under the pinel. t+ GRU etme: 

On arriving at the mouth of the | Quicksand sococe cece 21 
Whicham Mill ravine, which runs 
up into the heart of Blackcombe, 
I was somewhat surprised to find 
a considerable thickness of pinel 
graduating upwards into what, 
for want of a better name, I shall 
eall chip- and splinter-drift. Still 
higher up, the sides of the ravine 
seemed to consist of pinel, hard 
at the bottom, and looser towards 
the top. Immense boulders of 
porphyry || were here and there 
exposed in the channel of the | 

Fp SOMO IE tas. See, ot 181 

brook. The boulders were both 
rounded and angular. The drift 
higher up the narrow ravine, so 
far as its nature could be ob- 
served, presented the appearance 
of a mass of triturated slate, clay, | 
and sand. Where the brook from 
the upland ewm or corry joins 
the main stream, the drift might 

ld § Brown Limestone,6; Brown 
pass for Upper Boulder-clay, Clay, 11; Limestone, 13; 30 
though it may be only a looser stopped in Brown Clay... 
part of the pinel which probably — 
exists underneath. But up to 
this point it maintains the cha- 
rater of an undoubted drift. It 

* Upper Boulder-clay ? i i : : 1 ee Boulder clay? + Variegated middle sand and gravel? 

ecomposed limestone, s i i - rs eae 2 P Fig teaser Peace is found in the Boulder-clay of some of the 

|| As protrusions or dykes of porphyry have been found in this neighbour- 
hood, we have no need to suppose that these boulders were carried over Black- 
combe from the north. 

VOL. XXV.—PART I. 26 
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may formerly have extended quite across the ravine, and the missing 
part may have been ploughed out by a glacier, or washed away by 
the brook, or most probably removed by both. After a steep climb, 
the floor of the dark and deep corry is reached. At its head there 
are undoubted traces of local glacial action, though it is difficult to 
say how far the moraine matter may not have been arranged under the 
waters of the sea. In the middle, what looks like a small conical 
hill from below rises up and forms the barrier of a swampy plateau 
covered with rushes, which may be the site of a former small lake. 
Between the conical mound and a moraine-like accumulation on the 
N.W. side, there is a breach, which may mark the outlet of the sup- 
posed small lake. On the 8.E. side a great mass of fine débris runs 
up the steep slope. On the N.W. side of the basin-shaped head of the 
corry, the base of the steep cliffs of Skiddaw slate is concealed under 
a series of chip and splinter deltas which point upwards to the ver- 
tical gutters or “ rakes” down which the detritus must have fallen 
or been carried by rain. J mention this to show the difficulty of 
distinguishing glacial moraine matter from common “ screes” in 
narrow mountain-recesses *. 

On ascending the south side of the corry, and. after walking over 
the brow of the hill, I descended towards Whicham through Black- 
Crag ravine, and was not-surprised to find the mouth of this ravine 
choked up with drift containing large angular and rounded boulders. 
Along the base of the south-east escarpment of Blackcombe, and 
filling up the greater part of the length and breadth of Whicham 
Valley, there is an undulating broad terrace of drift, which near the 
hill-side rises up gradually and regularly, like an old tidal zone, 
and stretches into the ravines and cwms of the mountain. So far as 
can be seen, the lower part of this drift consists, at least In many 
places, of pinel. Thick deposits of sand and gravel apparently con- 
stitute its mass. In some places these deposits are capped with a 
reddish clay. The small brook which runs down from the semi- 
circular cwm behind Whicham parsonage has made a well-defined 
rut in the lengitudinally level terrace, and exposed a section of alter- 
nating layers of loam, clay, sand, and rounded shingle, in some places 
resting on pinel. At a lower level, near Whicham Hall, a pit-section 
in a gently swelling knoll reveals thick masses of sand and gravel, 
the latter containing pebbles of granite, quartz (from the 8.E. slope 
of Blackcombe?), &c., many of them extra-rounded; granite seems 
to predominate. 

At theS.W.end of Whicham valley there are several sand and gravel 
hillocks ; and Mr. Salmon, F.G.8., informs me that in this neigh- 
bourhood, some time ago, a bore-hole was stopped in about 300 feet 
of sand. Between the Whicham drift-terrace and Millom Hill, there 
is a flat depression, like a tidal channel, covered with recent deposits. 
Its bottom is only slightly elevated above the present sea-level. On 
the N.W. side of the low eminence calied Holborn Hill (on which 

* For remarks on the distinction between moraines and screes in the valleys 
f the Coniston Fells, see the author's ‘Scenery of England and Wales,’ Excur- 

sion xX. 
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a new village has lately sprung up) I noticed a considerable spread 
of decided Upper Boulder-clay. At the top of the eminence, in a 
quarry, a deposit of stratified sand and gravel rests immediately on 
the smoothly shaved-off edges of inclined beds or lamine of slate. 

7. DIRECTION AND DERIVATION OF THE Ftow oF GRANITIC DRIFT 

In N.W. LancasHtIre. 

A line running from about Bootle in a south-easterly direction 
across Morecambe Bay, and along the north-eastern side of the 
drift plain between Preston and Longridge, would perhaps roughly 
indicate the north-eastern border of the granitic drift of North-west 
Lancashire*. In the Furness and Whicham areas I have traced it 
as far N.E. as Whicham Hall (as already stated), Holborn Hill, the 
neighbourhood of Soutergate, and Stainton Green. The north- 
eastern border of the ice-laden current which carried the granite 
would appear to have been more or less winding. The current 
must have set in before the close of the period of deposition of the 
Blackpool Lower Boulder-clay, if not earlier, and must have con- 
tinued to flow till the close of the Upper Boulder-clay period. The 
same current may have supplied the granitic drift of the Cheshire 
and Shropshire plains, a great part of Staffordshire, a part of Wor- 
cestershire, &c. But if so, it seems unreasonable to look to the limited 
sea-coast area which Eskdale could have furnished (even admitting 

-aseries of different levels) as the sole or even the principal source 
of the granitic drift+. A current could not have flowed from the 
north over the high ground at the head of Eskdale into and along 
the course of the valley at the time when its granitic slopes were 
above water. A great current passing by the mouth of the valley, 
would not be likely to become loaded to a greater extent with the 

_ granite of the valley than with the rocks impinging on the pre- 
vious and following parts of its course. If so, it appears difficult to 
explain the great preponderance of granitic boulders in many parts 
of the extensive drift-area just mentioned by appealing solely or 
even principally to Eskdale in Cumberland ; and such being the 
case, where are we to look for the other source or sources of the 
granitic drift so widely distributed over the west of England? To 
the south of Scotland, or to some part of Ireland? Without wish- 
ing to support the theory of the Irish derivation of any part of the 
granite, I may state:—that the Rev. Maxwell H. Close is of opinion 
that chalk flints found in the drift of Shropshire came from Ireland ; 
that I have seen chalk flints in the drift of west Cheshire nearer to 
Ireland; and that a chalk flint has been found at an altitude of 
nearly 1000 feet above the sea, on Holcombe Hill, near Man- 
chester{. These remarks, made perhaps partly in ignorance of 

* Boulders of granite from Shap Fell may possibly be found in the drift to 
the north of this line. 

+t I have been informed that Shap granite may be found on the west coast of 
Lancashire; but this would merely show that granite may have been floated 
from the Shap Fells into the course of the great N.W. and 8.E. current. 

+ Mr. Aitken, Trans. Geol. Soc. Man. vol. vii. 
262 
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what is already known, are merely intended to stimulate to further 
research *., 

8. ConnEXION BETWEEN BoOULDER-DRIFTS AND SUPERFICIAL 

ACCUMULATIONS AT HIGH LEVELS, 

I have not seen any Lower Boulder-clay or pinel in the Furness 
peninsula at a higher level than nearly 800 feet above the sea (between 
Ulverstone and Beckside). In the valleys and on the slopes of the 
Coniston Old Man, I have traced it up to about 900 feet near Paddy- 
End Copper Works, and to about 1200 feet on the Walna Scar road 
and between it and Goat’s Water. The Upper Boulder-clay of Fur- 
ness may be traced up to at.least 700 feet (above Soutergate). On 
the Old Man I have traced a coarse rubbly clay overlying either 
pinel or sand and gravel up to at least 1200 feet above the sea. 
On the same mountain, rounded gravel may be found up to 1000 
feet +. In south Lancashire Mr. Hull has not been able to trace the 
undoubted Lower Boulder-clay up to any considerable height. The 
middle drift rises higher+, and the Upper Boulder-clay higher still, 
while erratics may be found on the Pennine hills up to 1800 feet, 
proving a submergence of north-central England to that extent$. 
I believe I saw a patch of erratic Upper Boulder-clay, at least 1000 
feet above the sea, at the entrance of the railway tunnel north of 
Dove Holes (near Buxton), Derbyshire. But from an examination 
of the extent to which drift deposits, with erratic stones, graduate 
upwards into deposits with angular stones of local derivation, and 
from a comparison of the superficial accumulations at low and high 
levels in Lancashire and Derbyshire, I have been led to the follow- 
ing conclusions :— 
_(1) During the period of the great north and south flow of land- 

ice, superficial detritus, either loose or closely packed, was left in 
hollows or on the lee side of rocky projections and knolls; but no 
extensive and continuous spread of Boulder-clay resulted from its 
action. 

(2) During the succeeding submergence the sea rearranged the 
previously existing surface-detritus, and combined with land-ice in 
giving rise to a variety of superficial phenomena of denudation and 
deposition, which will require much research to decipher. 
. (8) The principal part of what are called drift deposits was de- 
rived from the waste of local rock formations, and accumulated by 
the ordinary action of the sea. In most places, especially at a dis- 
tance from hills, comparatively little of the finer part of drift deposits 

* The Rev. Mr. Thornber informed me that Connemara Marble (?) had been 
found in the Boulder-clay at Blackpool; and a workman once showed me a 
specimen of Gryphea incurva he had picked up on the beach. The latter may 
possibly have been brought to Blackpool as ballast in a vessel. 
+ For an account of the drifts of the Old Man see ‘Scenery of England and 

Wales,’ by the author of this paper. is 
t It is well known that shell-bearing middle drift has been found in the 

neighbourhood of Macclesfield, and on.the Macclesfield and Buxton road, up to 
1200 feet above the sea. 

§ Mem. Lit. and Phil. Soc. Manchester, vol. ii. 3rd series. 
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was brought to the sea by glaciers, or floated by ice. Most of the 
rounded larger stones, excepting where they are the remains of sea- 
beaches i situ, were carried from sea-coasts by floating ice, and 
dropped with or without finer drift matter into ordinary marine 
deposits then in course of being accumulated. In many places these 
deposits lay out of the way of receiving additions from floating ice. 

(4) Marine deposits extend up hill-sides, cover upland valleys 
and plateaux, and stretch along the bases of escarpments (as in 
Derbyshire) where few or no erratic boulders or stones are to be 
found, At high levels the identity of these deposits with so-called 
drifts is rendered probable by the fact that the finer matter compo- 
sing them is seldom entirely*, though generally mainly, of local de- 
rivation, and likewise by the fact that they graduate by impercep- 
tible degrees into erratic drifts at lower levels. 

(5) The absence of rounded stones in superficial accumulations, at 
high levels, may be attributed to the positions in which they occur 
having been unfavourable to littoral attrition, or to the sea having 
not continued long at a stationary level. Though the angular stones 
in these accumulations are local, they often occupy positions to which 
they must have been drifted from short distances. 

(6) Unless the term drift be limited to erratic stones contained in 
clay, sand, and gravel, the general covering of hilly. districtst, so 
far as it is distinct from merely fallen or washed-down detritus, 
freshwater alluvium, and the effect of disintegration in situ, ought to 
be included in the term drift deposits. 

7. On the Connexion of the Gxonrocican Srructure and Puysica 
Fraturss of the SourH-East of Enetanp with the Consumption 
Deraru-ratr. By W. Wauiraxer, Esq., B.A., F.G.S. 

[ Abstract. ] 

Tue author stated that his investigation of this subject, which was 
carried on in conjunction with Dr. Buchanan, was suggested by the 

* In Derbyshire, near Buxton, the limestone is covered with a brown clay 
graduating into sandy loam, which in some places is scarcely distinguishable 
from the covering of the Yoredale and Millstone-Grit strata of the neighbour- 
hood, and both may be found graduating into drift deposits with erratic stones 
at lower levels. The clay on the limestone is distinct in colour and composition 
from the underlying coating of decomposed limestone. The latter is produced 
by the chemical action of the rain-water which the clay prevents from running 
off. Here, as in the Furness district, smoothly sculptured rock-surfaces, where 
they are covered with clay, are becoming minutely pitted and disfigured by 
pluvio-chemical action. These surfaces, under dry loam, or in the open air (where 
rain-water quickly runs off), are smoothly, regularly, and curvilinearly hollowed, 
rounded, basined, channelled, and funnelled. 

+ The marine origin of the general detrital covering of elevated areas in 
Scotland is admitted by Mr. James Nicol (Quart. Journ. Geol. Soc. vol. xxv. 
p- 283) and by Mr. James Geikie (Geol. Mag. vol. v. pp. 22, 23), who speaks of 
‘angular Gravel” and ‘“‘mounds of débris”’ on hill-sides as having been aceumu- 
lated by the sea. 
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fact that improved drainage had been found to exert a marked in- 
fluence upon the average number of deaths by consumption in 
certain districts. The chief result arrived at by an examination of 
fifty-eight registration districts in Kent and Sussex was, that “ wet- 
ness of the soil is a great cause of consumption ;” and this depends 
not only upon the perviousness or imperviousness of the soils, but 
upon their position as regards elevation and slope. 

Discussion. 

Prof. Braytey mentioned a paper by Mr. Mackinnon on the same 
subject, communicated to the Royal Society some years ago. 
_ Dr. Duncan commented on the value of such inquiries, and men- 
tioned that in Devonshire families living in the valleys were pecu- 
harly liable to consumption, while those living on the hills were free 
from the disease. 

ee ee 

8. On the Voucanic Puenomena of Hawa. By the Rev. C. G. 
Wittramson. Communicated by Sir R. I. Mvrouison, Bart., 
HRS NV aeGs. 

[ Abstract. } 

Tne author describes the general configuration of the island of 
Hawaii, and refers especially to the arrangement of the three great 
volcanic cones which form its highest points. Mount Kea (13,953 
feet) and Hualalai (10,000 feet) have been quiescent for many 
years*; but Mount Loa (13,760 feet) is still in a state of constant 
activity. In the extreme north of the island is the Kohala ridge of 
cones (about 5000 feet), which appear to have been long extinct. 
The bases of the three great volcanoes, which stand nearly in an equi- 
lateral triangle, are united by an elevated plateau forming the centre 
of the island, sparingly clothed with vegetation, and having many 
conical hills, from which lava appears to have flowed, scattered over 
it. In descending from the high grounds there is a belt of woods, 
in which the vegetation gradually becomes more tropical in its cha- 
racter; and this continues to be the case on the lowlands to the coast. 
The fertile districts are all within the limit of rains; and here the older 
lavas, of which the surface consists, are more or less decomposed. 
The author describes the general characters of the surface, and states 
that the greatest alteration of the surface has taken place in the 
northern parts of the island; hence he concludes that the centre of 
volcanic energy in the island has gradually been moving southward, 
the outpourings from the Kohala hills and Mount Kea, which have 
undergone most alteration, being, in his opinion, the oldest, and the 
southernmost volcano, that of Mount Loa (including Kilauea), — 
the only one now in activity. 

The author notices the history of the activity of Mount Loa since 
the year 1832, when its first recorded eruption took place. A 

* The last eruption of Hualalai took place in 1801. 
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considerable eruption and lava-flow occurred in 1843, another of 
less consequence in 1851; and in 1852 a great lava-stream issued 
from the side of the mountain, at an elevation of about 10,000 feet, 
and flowed westwards for about thirty miles without reaching the 
sea. In 1855-56 the most extensive eruption on record occurred. 
The lava issued from a fissure on the western slope of Mount Loa, 
at an elevation of about 12,000 feet, flowed first in a north-westerly 
direction down to the central plateau, and then, turning westward, 
took the direction of Hilo. This lava-stream flowed for thirteen 
months, travelled a distance of sixty miles, and covered nearly 300 
square miles of ground. In 1859 an eruption commenced at an 
elevation of about 9000 feet, from a crater 500 feet in diameter ; 
the flow of lava continued for six months, passing across the central 
plateau ina north-easterly direction, skirting the voleano of Hua- 
lalai, and reaching the shore between Kiholo and Wainaualii, where 
it forms a distinct promontory. This lava-stream destroyed the 
village of Kiholo. The chief lava-flows from Mount Loa have taken 
a more or less northerly direction ; and the author ascribes the lavas 
of the south-western portion of the island, especially the district of 
Puna, to the activity of the great crater of Kilauea (elevation 3970 
feet), the appearance of which he describes. Eruptions of Kilauea 
took place, according to the author, in 1789 (consisting of sand and 
ashes without lava), 1823, and 1840. 

The author notices particularly the great earthquakes and other 
voleanic phenomena of the year 1868. The first earthquake oc- 
curred on the evening of the 17th January; and the shocks continued 
to be felt, with more or less severity and frequency, throughout the 
year. The author noted those observed by him, with particulars of 
the time of the day at which they occurred and the strength of the 
shocks. The shocks were most frequent from the 28th March to 
the 6th April, during which period they appear, from the author’s 
Tables, to have been almost incessant. His general results are 
summed up in the following Table :— 

BEET Heavy rate. 

PAUUALY 2 eon oe, oie 0 «> so ss is me ot 1 1 
IREDRUALY caso <clas oslo RS rs 1 he 1 

Wireline one wey res fa 3 14 39 68 124 
BAGSTER otters ce ho witless os 6 21 96 77 200 
LEN Gs, aio Oa eee a 4 il 5 
PANS er ME 2. tasiiarc} dung ci] See e ian No) Werecord | Kept | 2.) i.e. 
5) LS la eee fe a A ; mc 5 6 
MAURRAS acne Sect let Mela! avalos. = = ea - i 7 g 

September:.a/ 2) Se. ees A 1 3 9 13 
Opioharie yy. ave fee3< ic # Fr 1 3 4 
WoVOnier ete reek. ols 6c o 3 1 * 1 
WECEMDCE siitecaraass os. 1 3 2 6 

Grand total...... 9 38 149 173 369 
| 

* The author having been absent from Hawaii. 
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The greatest earthquake-shock took place on the 2nd April, at 
3.40 p.m. The author describes this as excessively severe: the 
whole island appeared as if it were being shaken to pieces; walls 
and houses were thrown down, great masses of rock were precipi- 
tated from the cliffs, and large trees were broken off. Simultaneously 
with this earthquake a great mud-eruption is said to have taken 
place at Kapapala, although the author considers that the phenome- 
non really consisted in the casting down of a hill-top upon the plain. 
The débris extended over a space about three miles long, and vary- 
ing from 500 yards to one mile in width. Over this space houses 
and cattle were buried, and 31 persons are said to have lost their 
lives. Immediately afterwards a stream of fresh water rushed down 
the hill-side, and continued to flow permanently. The author sug- 
gests that the sudden explosion by which this great earth-fall was 
produced may have been caused by the contact of water with the 
hot lava under the surface of the ground. 

On the 7th April a rent opened high up on Mount Loa, and from 
this lava flowed. In the afternoon of the same day a fissure ap- 
peared in a hill about ten miles from the sea, in the district of Ka- 
huku, near the southernmost point of the island. From this a 
stream of the smooth satin-like lava called “ pahochoe” in Hawaii 
flowed for a few hours, and then stopped. Another stream, of larger 
size, and consisting of the rough, porous lava known locally as 
“aa,” burst forth in the neighbourhood of that just mentioned, but 
about two miles nearer to the sea; it issued immediately behind the 
farmstead of the proprietor of Kahuku, which it immediately de- 
stroyed, and afterwards flowed down to the sea until the 12th of 
April, consuming everything in its course. About 250 head of 
cattle were burnt up. The lava was described to the author as 
issuing from the ground in four enormous jets. The smoke and 
sulphurous vapour emitted during this eruption darkened and poi- 
soned the air for a great distance around it. Soon after noon on 
the 4th of April, an earthquake-shock, almost equal to that of the 
2nd, was felt ; and this seemed to have affected the basin of Kilauea, 
which had previously been unusually active; for the lava-lakes sank 
down, and the fires gradually died out, until, on the 7th of April, 
none were to be observed. The coincidence of this sudden sinking 
of the lava in the crater of Kilauea with the breaking out of the 
great lava-stream at Kahuku, forty miles distant, seems, to the 
author, to indicate an intimate connexion between the two pheno- 
mena. 

The great earthquake of the 2nd of April was accompanied by a 
destructive sea-wave, which washed away several villages, and de- 
stroyed many lives. 'The whole south shore of the island has been 
permanently depressed, in some places as much as 7 feet, but on 
the average about 43 feet. 
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9. Notes on certain of the IntrustvE Ienzous Rocks of the Laxe- 
pistrictr. By Henry Atteyne Nicnorson, M.D., D.Sc., M.A., 
EGS. 

Tue rocks which I purpose noticing in the following communication 
are certain igneous rocks, of an intrusive character, and holding an 
almost identical position in the stratified series of the Lake-district 
of Cumberland and Westmoreland. The rocks in question are the 
syenite of the Vale of St. John, the syenitic porphyry of Ennerdale 
and Buttermere, and the felstone porphyry of Carrock Fell, all of 
which come into contact, on the one hand, with the Skiddaw Slates, 
and on the other with the series of the green slates and porphyries. 

Fig. 1.—Sketch Map of the North-western portion of the 
Lake District. 
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I. The Syenite of the Vale of St. John. 

The area occupied by the main exposure of this rock is situated 
on both sides of the mouth of the Vale of St. John, distant about 
three miles to the east of Keswick, and occupying a space of nearly 
two miles from east to west by nearly a mile from north to south. 
On the east side of the valley it forms a cluster of minor elevations, 
of which the highest is known as Knotts. On this side of the valley 
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the syenite, in its main mass, nowhere comes into contact with the 
green slates and porphyries, but is everywhere surrounded by the 
upper beds of the Skiddaw Slates, which are often more or less indu- 
rated and penetrated by numerous small veins of quartz near the 
line of junction. It is well exhibited in a quarry about a quarter 
of a mile to the 8.K. of Threlkeld Station, where it is so regularly 
jointed as to assume the aspect of a bedded rock, the joint-surfaces 
dipping E.N.E. at 50°. In appearance it is of a light greyish colour, 
some specimens being almost white. It consists of a felspathic base, 
enclosing numerous large crystals of a greenish-white felspar, with 
many small specks of hornblende and little masses of transparent 
erystalline quartz, together with occasional crystals of garnet. The 
rock has also imbedded in it a great abundance of angular fragments, 
some of which consist of trap, whilst others are laminated and 
almost gneissic, and appear to be derived from the Skiddaw Slates. 
On the opposite or western side of the Vale of St. John the syenite 
forms the whole of Low Rigg, and can be traced southwards as far 
as the chapel of St. John, at which point it is overlain by a green 
felspathic trap, which forms the base of the green slate series. No 
alteration, however, is observable in the trap near the line of junc- 
tion. It has been largely worked near Hollin Root, where it is 
very regularly jointed and possesses the same mineral characters as 
near Threlkeld Station, except that in parts the base becomes red, 
and its aspect thus becomes more decidedly syenitic. 

About a mile and a half to the east of the Vale of St. John, close 
to where Mosedale Beck crosses the road between Matterdale and 
Threlkeld, there occurs an intrusive mass of felstone, which is un- 
doubtedly an extension of the syenite seen near Threlkeld Station. 
It is a greyish-white, granular, felspathic rock, in parts very regu- 
larly jointed, often containing cubes of iron pyrites, and rarely 
exhibiting small masses of quartz. As the quartz, however, is very 
sparingly developed, and the hornblende has entirely disappeared, it 
can no longer be called a syenite, but must be looked upon simply as 
an occasionally quartziferous felstone. On the north and north- 
west the upper shaly beds of the Skiddaw Slates come into contact 
with this intrusive boss, and are somewhat decolorized, and even 
slightly brecciated near the line of junction. To the south the 
felstone is overlain by the trap which forms the base of the green 
slate series, but without the production of any perceptible alteration. 

In connexion with the syenite of the Vale of St. John, I must 
allude to a remarkable felstone dyke, which is apparently derived 
from the syenite. The dyke in question was first noticed by Pro- 
fessor Sedgwick (see ‘ Letters’), and occurs about a quarter of a 
mile above Armboth House, in the course of a stream which flows 
from the west into Thirlmere Lake. It cuts across a series of 
bedded traps, which form the lower part of the green slates, and 
appears to strike N.W. and 8.E., being seen again close to the 
Ordnance Cairn, nearly half a mile to the 8.K. of its exposure in 
Armboth Beck. In mineral characters it is very peculiar, consisting 
of a base of reddish-brown felspar containing numerous large oblong 
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crystals of red felspar and many crystals of quartz, most of which 
are doubly prismatic. The width of the dyke is about 50 or 60 feet, 
and for three or four feet on both sides it is altered by contact with 
the trap through which it cuts. In this altered zone it becomes a 
compact red felstone, with a few crystals of quartz scattered through 
it, but without any crystals of felspar. 

II. The Syenitic Porphyry between Ennerdale and Buttermere. 

This syenitic felstone-porphyry forms an intrusive mass of very 
considerable extent, occupying an area of about six miles from east 
to west by about three miles from north to south, comprising the 
mountainous district between the lakes of Buttermere and Enner- 
dale, the lower half of the valley of the Liza and the mountains to 
the south of Ennerdale Lake. Commencing at Bowness, a small 
hamlet situated about midway between the extremities of Ennerdale 
Water on its north-eastern side, the syenitic porphyry is seen to 
form Bowness Knot, and to be immediately succeeded on the N.W. 
by the Skiddaw Slates, which are greatly metamorphosed, and are 
converted into a hard greenish-grey rock, very compact, and exhi- 
biting few traces of bedding. On the opposite, or south-western, 
side of the lake the syenitic porphyry is continued nearly to the foot 
of the lake, being probably shifted to the N.W. by a fault. It forms 
here the hills known as Crag Fell (or the Revelin) and Angler’s 
Crag, and it is succeeded on the N.W. by the Skiddaw Slates, which 
form the northern flanks of Grike Fell. From their junction with 
the syenite for a distance of nearly three-quarters of a mile the 
Skiddaw Slates are highly metamorphosed, retaining no signs of 
their sedimentary origin beyond the existence of lamination. They 
are converted into an extremely hard, granular rock, much pene- 
trated by quartz-veins, of a pink or greenish-grey colour, and 
finely banded along the lines of lamination. As just stated, the 
metamorphism in this locality affects a great thickness of the rocks, 
slates of the normal character not reappearing till Fell End is nearly 
reached. Returning to Bowness, the boundary of the intrusive rock 
can be traced between Ennerdale and Buttermere, pretty nearly 
coinciding with the road between these two lakes by way of Flou- 
tern Tarn. Between these points the syenitic porphyry is succeeded 
to the N.W. and N. by the Skiddaw Slates, and rises on the 8.E. 
and §. into the elevations of Herdhouse, Great Borne (2019 feet), 
and Gale Fell. 

About a mile and a half from Buttermere the cascade of Scale 
Force is formed over a precipice of this rock. From the foot of 
Buttermere the intrusive rock can be followed along the south-west 
margin of the lake, nearly as far as the pass of Scarf Gap. All 
along this line the Skiddaw Slates are seen striking right against the 
porphyry, and more or less metamorphosed near the line of contact. 
The metamorphism does not appear to extend more than a few feet 
from the porphyry; but within this zone the slates are converted 
into a hard, laminated, greenish-grey rock. To the S.W. of this 
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line the porphyry rises into the lofty chain of hills which separates 
Buttermere from Ennerdale, comprising Ling Comb, Red Pike, High 
Stile (2643 feet), and High Crag. From Scarf Gap the S.E. and S. 
boundaries of the syenitic mass are continued across the valley of the 
Liza (about 14 miles above Gillerthwaite), and thence to the south 
of Ennerdale Lake by Ling Mell, Iron Crag, and the Side, to the 
Revelin, all these hills being composed of the intrusive rock. All 
along these boundaries the syenite is overlain by the traps which 
form the base of the green slate series, the latter appearing to suffer 
no alteration near the line of junction. 

As regards the mineral characters of this great intrusive mass, 
they are somewhat different in different localities. In the neigh- 
bourhood of Buttermere, and indeed throughout the greater part of 
its extent, it is merely a quartziferous porphyry, composed of a base 
of reddish felspar containing numerous crystals of white felspar, 
with specks of hornblende and grains of quartz disseminated through 
it. In other localities, however, as at the head of Ennerdale, quartz 
is present in considerable abundance; and the rock then assumes the 
characters of a true syenite. . 

III. The Felstone-porphyry of Carrock Fell. 

This rock forms the summit and the northern spur of Carrock 
Fell, near Hesket-new-market, where its occurrence has been de- 
seribed by Prof. Harkness (Quart. Journ. Geol. Soc. vol. xix. p. 124). 
The area which it occupies is not of any very great extent, being 
about 13 mile from E. to W., and about a mile from N. to 8. 
Throughout the greater part of its extent it is surrounded by trap- 
pean rocks, which belong to the series of the green slates and por- 
phyries, and which do not appear to have undergone any alteration 
near the line of contact with the intrusive rock. Its eastern bound- 
ary extends from a farm called Stone Ends, near Mosedale, north- 
wards as far as Carrock Beck. Its northern boundary runs up 
Carrock Beck, and is formed by the traps of West Fell and High 
Pike, though the junction is nowhere visible. On the south it is 
bounded by a singular crystalline rock which is seen near Mosedale, 
and forms a mass of great thickness. At its south-western corner, 
however, it becomes continuous with a mass of fine-grained granite, 
which is seen in Grainsgill Beck (Brandy Gill), close to the junction 
of this stream with the river Caldew. This fine-grained granite is 
surrounded by metamorphosed, gneissic Skiddaw Slates, which are 
seen almost in direct contact with it. It is, doubtless, as believed 
by Prof. Harkness, in turn continuous with the coarse granite which 
occurs higher up the valley of the Caldew, and which Prof. Sedgwick 
described under the name of “the Granite of Skiddaw Forest.” 

Admitting, as seems almost certain, that these three igneous 
masses are directly connected with one another, and pass into 
one another without a break, two facts are noticeable :—First, 
the strike of the igneous masses conforms to that of the stratified 
rocks amongst which they are situated. Thus the strike of the 



1869.] | NICHOLSON—IGNEOUS ROCKS OF THE LAKE-DISTRICT. 439 

granite of the Caldew valley is nearly N.E. and 8.W., and therefore 
very nearly agrees with the strike of the Skiddaw Slates in this region. 
The syenitic porphyry of Carrock Fell, on the other hand, appears 
to extend itself in a direction from E. to W., this being very 
nearly the strike of the bedded traps of the green slate series by. 
which it is surrounded. Secondly, the mineral character of the 
intrusive rock appears to vary with the character of the rocks which 
surround it. Thus, high up in the valley of the Caldew we find a 
coarsely crystalline granite lying in the heart of the Skiddaw Slates, 
the latter being highly metamorphosed for a considerable distance 
on both sides of the plutonic rock. As we approach the point where 
the Skiddaw Slates are overlain by the green slates and porphyries, 
the granite becomes much finer in grain and less highly quarizife- 
rous. Finally, as seen in Carrock Fell, where it is surrounded by 
the traps of the green slate series, it has entirely lost its granitic 
character, and is now simply a felstone-porphyry. It contains 
neither quartz nor mica, and is composed of a base of reddish fel- 
spar, with crystals of felspar and specks of hornblende, closely re- 
sembling, in fact, the syenitic porphyry of Buttermere. 

IV. Age of the Syenite of the Vale of St. John and the Felstone-por- 
phyries of Buttermere and of Carrock Fell. 

In investigating the age of these igneous masses, an important 
element of the inquiry is found in the discovery which I have 
recently made (Geol. Mag. vol. vi. Nos. 3 & 4), that the green slates 
and porphyries are superimposed unconformably upon the Skiddaw 
Slates, an opposite opinion having been hitherto entertained. The 
Skiddaw Slates, therefore, were subjected to elevation and denudation 
before the formation of the green slates and porphyries had been 
initiated. Bearing this in mind, it is, in the first place, noticeable 
with regard to the three igneous masses in question, that they occupy 
a definite and similar position in the stratified series of the Lake- 
district. They are all found to be in relation, on the one hand, with 
the Skiddaw Slates, a vast group of purely sedimentary origin, and, 
on the other hand, with the green slates and porphyries, an equally 
vast series of volcanic ashes and lavas. The second fact to be 
noticed is that it is only the inferior sedimentary formation that is 
metamorphosed, to any perceptible extent, by contact with these 
intrusive masses. Of course, from the nature of the upper group, 
any alteration which might be present would be much less conspi- 
cuous than in the case of the Skiddaw Slates; but I have not been 
able to satisfy myself that there occurs any. The Skiddaw Slates, 
however, are invariably metamorphosed in the neighbourhood of the 
intrusive rock, this metamorphism affecting in different localities a 
greater or less thickness of the beds. In the vicinity of Buttermere 
the alteration in the Skiddaw Slates is comparatively slight in 
amount, and unaltered slates are found not many yards distant from 
the intrusive rock. At the foot of Ennerdale, on the other hand, 
the slates, in contact with the same rock, are altered throughout an 
enormous thickness, the metamorphism being plainly visible at a 
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distance of half a mile from the syenitic porphyry. In the Caldew 
valley the metamorphism is still greater, and affects a much greater 
thickness of the beds. 

In the third place, the intrusive masses show a great similarity in 
their mineral characters. They are all highly felspathic, and the 
chief difference between them is in the amount of free quartz which 
they contain, this being, however, variable in different portions of 
even the same mass. In the syenite of the Vale of St. John, the 
amount of quartz is tolerably large; but in the syenitic porphyry of 
Buttermere quartz is much more sparingly developed ; and in the 
felstone-porphyry of Carrock Fell it appears to be entirely wanting. 

Fourthly, the series of the green slates and porphyries, where it 
comes into relation with these intrusive rocks, is distinguished by 
the absence or thinness of the breccias and ashes, and by the great 
development of the bedded traps, the former expanding and the 
latter diminishing in thickness as we get at a distance from the 
intrusive focus. Thus, the syenite of the Vale of St. John is suc- 
ceeded to the south by the great series of bedded traps, which extend 
to the foot of Thirlmere, the breccias and ashes of Borrowdale and 
Watendlath having entirely thinned out, though they are of great 
thickness and are situated only a few miles to the 8.W. In like 
manner the felspathic trap, which usually forms the base of the 
green slate series, and which is generally of small thickness, appears 
to expand enormously in thickness to the 8.W. of the syenitic por- 
phyry of Ennerdale, as is seen in the valley of the Liza. Lastly, 
the felstone-porphyry of Carrock Fell occurs in connexion with the 
well-known series of bedded traps which compose the Caldbeck 
Fells, and which constitute the inferior portion of the green slates in 
this region. 

Fifthly, in the case of one of these intrusive rocks (the felstone- 
porphyry of Carrock Fell), it seems tolerably certain that there is a 
gradual passage from a felstone, through a fine-grained granitic 
rock, into a genuine granite. 

Taking the above-mentioned facts into consideration, it appears to 
me that two theories only could well be advanced to account for the 
relations which subsist between these intrusive masses and the 
stratified rocks which lie around them. 

It might be held, in the first place, that these intrusive rocks 
belong in reality to the Skiddaw Slates, the date of their production 
coinciding with the period in which the Skiddaw Slates were prima- 
rily elevated, anterior to the commencement of the deposition of the 
series of the green slates. In this case the green slates and porphy- 
ries would be subsequently deposited upon a denuded surface formed 
partially of Skiddaw Slates and partially of intrusive igneous rock. 
To this view there are various objections, the chief being that the 
intrusive rock in some cases appears to penetrate the superior for- 
mation by which it is almost entirely surrounded, as is the case with 
the felstone-porphyry of Carrock Fell. 

The other theory has been well expressed by Professor Ramsay 
(Mem. Geol. Survey, vol. ii. p. 235) with regard to some of the in-- 
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trusive igneous rocks of the north of Wales; and it certainly appears 
to me to be the one which applies to the rocks in question in the 
Lake-district. He says :—‘ Lying, as they invariably do, either 
amid the true volcanic rocks or in lower stratigraphical horizons, 
and being for the most part felspathic, some of them may well be 
the deep-seated masses from whence the lavas and ashes of the 
volcanoes came; and I do not see why this should not hold, even 
though they may only, in certain instances, have been Cambrian or 
Lower Silurian strata that passed into a state of fusion.” 

Upon the whole, then, and in the meanwhile, I should be deci- 
dedly disposed to regard this as the true explanation of the pheno- 
mena which I have endeavoured to describe in this communication, 
and to look upon the igneous masses in question as the roots of the 
ancient vents from which were derived the alternating ashes and 
traps which together compose almost the whole of the green slate 
series. Whether they are to be regarded as being produced by an 
alteration and fusion of the Skiddaw Slates in situ, is another ques- 
tion, and one which is at present incapable of solution. Phenomena, 
however, are not wanting which would appear to favour this view ; 
and evidence sufficient for its establishment may yet be obtained, 
when the district shall have been examined in greater detail. 

10. On the Fosstz Myriopops of the Coat Formations of Nova 
Scorra and Enetanp. By Samvet H. Scupper, Esq. 

(Communicated by Sir Charles Lyell, Bart., F.R.S., F.G.S.) 

[ Abstract. ] 

In this paper the author discussed and described the species of 
Chilognathous Myriopods which have been detected in the Coal- 
measures. Of these he recognized 6, viz. Xylobius sigillarie (Daws.), 
X. similis, sp. n., X. fractus, sp. n., X. Dawsonii, sp. n., X. Wood- 
wardu (=sigillarie, Woodw.), and a species upon which he founded 
a new genus, Archiulus xylobioides. He regarded these forms as 
constituting a peculiar family, for which he proposed the name of 
Archiulide. 

11. On the GxEontocy of the Country suRRouNDING the GuLF OF 
Campay. By ArexanperR Rocrrs, Esq., F.G.S., Bombay Civil 
Service. 

‘The publication of this paper is deferred.) 

[ Abstract. ] 

Tue author described the surface of the country as consisting 
chiefly of deep alluvial soils, derived from the denudation of the 
primary and metamorphic rocks surrounding the district, the former 
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making their appearance in groups of isolated peaks, projecting, as 
it were, from a sea of alluvium. The author considered that this 
alluvium could not have been produced by the action of the exist- 
ing rivers, and suggested that the Indus may formerly have flowed 
into the sea by the Gulf of Cambay, the land at the same time being 
much depressed below its present level. He indicated the evidence 
in favour of this view furnished by various facts in the geology of 
the district, and referred especially to the mode of occurrence of 
laterite. 

Discussion. 

_ Sir P. Eezrron mentioned that the Secretary of Mr. Burlinghame, 
the Chinese Ambassador, had informed him that the course of the — 
Yellow River had, within a comparatively short period, changed its 
course by nearly 500 miles, and, by cutting off the supply of water 
to the Great Canal of China, had brought on the Taeping rebellion 
in consequence of the employment of the people being lost. 

12. On a NEw Acropont Savrian from the LowER Coax. By James 
Woop Mason, Esq. F.G.8., d&c. of Queen’s College, Oxford. 

(PuatEe XIX.) 

Waite lately inspecting the rich and instructive collection of cre- 
taceous fossils formed by my friend Mr. J. 8. Gardner, F.G.8., my 
attention was arrested by what I at first sight took, judging from 
the precisely similar mode of implantation of the teeth, to ke the 
anterior end of the snout of Mosasaurus, an extinct marine lizard 
closely resembling, as is well known, in many important structural 
characters, existing Monitors and Iguanas, and peculiar, as far as 
we at present know, to rocks of the Cretaceous period, both in Ku- 
rope and America. But a closer examination of the teeth alone 
discovered differences from those of Mosasaurus altogether inconsistent 
with such an identification ; the incorrectness of this becomes quite 
evident after the comparison which, thanks to the valuable researches 
of Dr. Leidy, it is possible to make of the fragment under consi- 
deration with the corresponding portion of the snout of Mosasaurus ; 
it can further be seen from Dr. Leidy’s* specimen that the struc- 
ture of the fore part of the face of Mosasaurus differed in no essen- 
tial particular from that of Monitor niloticus. 

The fossil consists of the whole of the left premaxilla + together 
with some portion of the contiguous maxilla ; but, owing to the total 
obliteration of the maxillo-premaxillary suture, it is impossible to 
arrive at any satisfactory conclusion as to the extent of the former. 
The bone is so broken away posteriorly that no portion of the con- 
tour of the orbit is preserved, neither is the smallest guide furnished 
as to its position relatively to the aperture of the anterior nares. Its 

* Cretaceous Reptiles of the United States, p. 39, pl. xix. fig. 6. 
+ It may be that the pramaxilla is absent. 
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total length is four inches; its outer face is convex in every direc- 
tion, but more strongly so from above downwards near the anterior 
end, and is marked by a longitudinal groove running parallel to, and at 
a distance of about a fourth of an inch from the upwardly curved den- 
tigerous border: this groove (Pl. XIX. fig. 1, ), doubtless, gave lodge- 
ment to a vessel and a branch of the fifth pair of nerves from which 
neuro-vascular filaments were sent off for the supply of the teeth 
through the foramina that pierce the bottom of the groove. Numerous 
vascular foramina stud the surface of the bone near the end, which is 
flattened into a facet (figs. 1, 2, f) looking upwards and forwards: 
above, it presents for its posterior half a thin irregular fractured 
edge; its greatest depth is measured from the angle formed by the 
junction of this fractured edge with a natural free edge which, sloping 
downwards and forwards, and curving very little outwards, forms 
the left lateral boundary of the external nasal aperture. 

The removal of a small portion of the matrix revealed the exist- 
ence of a small bony projection (figs. 1, 2, b) from the inner face ; this 
met with a similar projection from the opposite premaxilla, and fur- 
nishes evidence that the points at any rate of the non-confluent pre- 
maxillz entered into the nasal aperture; but whether they were so 
extended upwards and backwards in the middle line as to meet in 
lacertine fashion the forward prolongation of the nasals, the limited 
extent of my materials will not allow me to determine. 

The dentigerous edge (= outer alveolar wall) supports eight teeth, 
the posterior of which only exhibit perfect bony union of their bases 
with the alveolar margin; the rest are less firmly united to their 
shallow sodkets. This creature evidently had two teeth in front on 
each side of the middle line ; the remains of the inner of these were 
disclosed by the development of the fossil, but the shallow socket of 
the other is the sole evidence of its existence ; immediately behind, 
and touching the third tooth, is what appears to be the osseous base 
(fig. 1, c) of a shed tooth. 

The projection from the inner face at (a) in fig. 3, which repre- 
sents the fractured hind end in section, appears to be the rudiment 
‘of what would have been produced inwards and downwards, so as 
to form the inner alveolar plate, if the teeth had been lodged ina 
continuous groove or in distinct sockets, and not anchylosed to the 
terminal border of the external alveolar plate. The teeth are pre- 
cisely similar in shape to those in the anterior region of the mouth 
in Monitor niloticus ; but I do not wish to be understood as suggesting 
that the posterior teeth were similarly modified for crushing: the 
smoothness of the enamel is only broken by the faintest trace of 
folding at the point of its junction with the cement; this is finely 
furrowed or striated longitudinally, as in the teeth of Mosasaurus 
and M. niloticus. The bony bases, which bear nearly the same great 
proportionate size to the crown as in Mosasaurus, were no doubt 
covered by a gum. The pulp-cavities remain open. 

This reptile differs from Mosasaurus in the apparently persistent 
distinctness of the premaxille from each other, and their small de- 
velopment in the middle line, in the more anterior position of the 

. VOL, XXV.—PART I. 2H 
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nasal aperture *, which, moreover, in Mosasaurus looks directly up- 
wards instead of upwards and forwards, in the total obliteration of 
the maxillo-premaxillary suture, which, in Mosasaurus, remains as 
a well-defined groove, and, lastly, in the absence from its cylindrical 
teeth of the opposite denticulated ridges, the total range of variation 
in the teeth of Mosasaurus including at most teeth exhibiting the 
suppression of one of these (the anterior), and that on the pterygoid 
teeth +. 

I propose for this reptile the name of Acrodontosaurus Gardneri— ~ 
the first obviously in allusion to the mode of attachment of its teeth, 
the second out of compliment to my indefatigable friend. 

The strata of the locality whence this fossil came were so fully and 
ably described by my friend Mr. Etheridge in fixing the position of 
Acanthopholis horridus, Huxley, that it will only be necessary to say 
that it was obtained by Mr. Griffiths from the Lower Chalk of Lyddon’s 
Spout, near Folkestone, about 10 feet above the Chalk marl. . 

It will, I think, be better to leave the discussion of the affinities 
of this reptile till further discoveries furnish a better character for 
our guidance than the mode of implantation of the teeth. 

EXPLANATION OF PLATE XIX, 

Fig. 1. Side view of upper jaw of Acrodontosaurus Gardneri, nat. size: 6, pro- 
cess of preemaxilla; c, osseous base of shed tooth; f, terminal facet; 
g, groove. 

2. Front view of the same: 2 & fas in fig. 1. 
3. View of fractured hinder end; a, inner projection, 

13. Ropzntia of the Sommrsnr Caves. 
By W. Aysurorp Sanrorp, Esq., F.G.S. 

(The publication of this paper is deferred.) 

[ Abstract. ] 

Tre author has examined the Rodents from the caves of Somer- 
setshire contained in the Taunton Museum, and found that many 
of them cannot be referred to species hitherto regarded as belong- 
ing to the fauna contemporary with the Mammoth in Britain. He 
enumerates species of Arvicola (including A. glareola, Schreb., and A. 
ratticeps, Blas.=Lemmus medius, Nilsson, and a species which may 
be new, and for which he proposed the provisional name of A. 
Gulielmi), Lemmus (L. norvegicus, Desm.), Lagomys (L. speleus, 
Owen), Lepus (L. diluvianus, Pict., L. tumidus, Linn., L. hibernicus, 
Bell, and LZ. cuniculus, Linn.), Spermophilus (S. erythrogonoides, 
Fale.: the citation of S. citillus by the author and Mr. Boyd Daw- 
kins is founded on a mistake), and Crcetus (C. songarus, Pall.). 

* Goldfuss in Nova Acta Acad. Nat. Cur. vol. xxi, p. 1, tab. vi—vill. 
Tt Teste Dr. Leidy. 
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1. On a Pxcutriar Instance of Inrragtactat Erosion near 
Norwicu. By Searzes V. Woop, Junr., Esq., F.G.8., and F. W. 
Harmer, Esq., F.G.S. 

(Read April 14, 1869*.). 

THE object of the present brief notice is to bring before the Society, 
while the works are in progress, a feature of intraglacial structure 
disclosed by the sewerage works at Norwich, in order that, since 
the case appears to us to be peculiar among the perplexing fea- 
tures presented by the glacial beds as far as yet known, the oppor- 
tunity may be afforded, to any who may suspect that some mistake 
has been made, of investigating the accuracy of our representation 
before the means of doing so are removed. For this reason we 
have ventured to bring the subject forward now, instead of reserv- 
ing it for description with the general glacial structure of the east of 
England, which we hope at some future time to lay before the Society. 

All the valleys of Suffolk, and of Central and Eastern Norfolk, 
are excavated out of the glacial beds, and possess no connexion 
whatever with any preglacial condition of the surface. They appear, 
however, to have had their configuration and direction determined 
in several places by a denudation of the glacial beds themselves, 
which was effected during the progress of their deposit. Of this 
the case before us affords one instance. 

The accompanying section shows the structure of the valley of 
the Yare, near the places of its inosculation with that of the Tese 
and that of the Wensum. 

The sewer-works, up to the present time, have been carried on by 
shafts, sunk in the bottom of the valley, where the surface is con- 
siderably below the line maintained by the chalk on either of its 
sides. These shafts have disclosed that a hole or, it may be, a narrow 
trough in this part descends abruptly, and almost perpendicularly, 
into the chalk, and that in it les, not merely one of the successive 
beds (5) which form the solid mass of the country around, but also 
another bed which does not appear to exist elsewhere in the neigh- 

* For the Discussion on this paper, see p. 260 of the present volume. 
H2 
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bourhood. This bed is that distinguished in the section by the 
letter a, and it consists of dark-blue clay full of chalk-débris, ex- 
actly resembling the Bouider-clay (6) in parts distant from Norwich, 
but different from the appearance presented by that clay in the 
neighbourhood of the section, where it is much morechalky There 
is, we think, no question as to the identity of the sand which reposes 
on this bed, in the hole, with that numbered 5, in the group of beds 
out of which the valley is excavated, since it possesses the peculiar 
admixture of fine chalk grains possessed by this sand in the various 
sections of the immediate neighbourhood, as well as generally in the 
south-east of Norfolk, and offers a complete contrast to the postgla- 
cial gravel (7). 

Assuming the bed a really to underlie No. 5, as represented in the 
section, the case is not without parallel elsewhere, though there are but 
two other localities of its similar occurrence at present known with 
certainty tous. One of these is Witham, in Essex*, and the other the 
vicinity of Hertford, mentioned by Mr. Hughest, in both of which 
it seems to occur at the base of 5, in a trough which had been formed 
prior to the accumulation of that deposit, but which in those cases 
does not appear to be coincident with the existing valleys. 
We forbear to discuss here the causes which seem to us to have 

given rise to this bed, or which have produced the intraglacial erosion 
of the hole, or trough, in which it has thus been preserved, as these 
will be more conyeniently considered in connexion with the general 
glacial structure of the east of England, further than to observe 
that we trace in it the action of a glaciert. The features dis- 
closed by the section appear to show that after the bed 4 had been 
deposited, an erosion took place just here which swept out the beds 
2, 3, and 4, and excavated the deep hole or trough (whichever it 
be) in the chalk in which we now find the bed a. Whether this 
bed was deposited only in the hole or trough thus formed, or 
whether it spread generally over 4 in these counties, and then 
was denuded prior to the deposit of the sands 5, we have not yet 
formed a decided opinion ; but the physical break which the case 
before us seems to show, occurred here between the termination 
of the uppermost deposit of the Lower Glacial period, repre- 
sented by bed 4, and the commencement of the Middle, repre- 
sented by bed 5, concurs with what we find in this respect in many 
places in Norfolk and North Suffolk, since there is generally an un- 
conformity between the bed 4, or its marl representative, and beds 

* The first notice of it at this place was in a well-section given by the Rev. 
O. Fisher, in Geol. Mag. vol. v. p. 98. We have since found it exposed in 
section about a mile from Witham, in the bottom of the valley. 

ft Quart. Journ. Geol. Soc. vol. xxiv. p. 286. 
t In the discussion on this paper I admitted that the erosion in question 

might have been produced by a grounding berg. I withdraw that admission 
altogether, believing, from a study of the respective formations over Hast Anglia, 
that after the beds forming the Lower Glacial series had been converted into 
land, this land became extensively occupied by ice before it was again depressed 
to receive the sea, which deposited the Middle Glacial sands ; and that to such 
land-ice the erosion in question is due.—S. V. W., Jun. 
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5 and 6. Thus, for instance, on the Cromer coast, we find the for- 
mer most deeply and irregularly indented by troughs filled with the 
base of 5, both deposits being there in much greater thickness than 
in the case before us ; while in the inland sections we find it rising 
through 5 in bosses of greater or less extent, the Boulder-clay (6) 
being spread there over it and over 5, sometimes resting on the one 
and sometimes on the other, thus showing 4 to have formed either 
islands or shoals in the Middle Glacial sea. 

The intraglacial denudation of the Yare valley, disclosed by the 
sewer-works, serves to explain a feature brought before the Society 
by one of us in 1866*. In that case a bed of Boulder-clay was 
shown lying in the bottom of the Yare valley, and described as a third 
Boulder-clay.. Although, at the time, we both regarded it as distinct 
from the great Boulder-clay (6), we now incline to think that the bed 
in question is either the bed a, or else merely the Boulder-clay 6 
brought down into the bettom of the valley by a repetition of the denu- 
dation which, we have just seen, commenced after the deposit of the 
contorted drift 4. The dotted lines in our section represent probably 
the way in which 5 bent down into this hollow of denudation ; and 
it seems to us that the denudation was renewed after the deposit of 
5, sweeping out so much of that bed as had been deposited in the 
hollow, but leaving it in the hole or trough which is shown in our 
section, and thus allowing 6 to be thrown down upon the chalk di- 
rect, as shown in the section referred toy. 

In the adjoining valley of the Wensum a somewhat similar state of 
things has occurred, as we have found there the Middle Glacial sand 
(5) overlain by the Boulder-clay (6) in a hole in the chalk, and 
resting directly upon it, below the level of bed 3, which, in that part, 
forms the general base of the formations superior to the chalk, and 
constituting the solid mass of the country. 

No infiltration or slipping can explain these features, because the 
blue clay (a of the accompanying section) is not, so far as any of 
the pits around disclose, present in the neighbourhood, and because 
the deposits which underlie the beds in question, when in their 
usual position, do not occur beneath them when thus abnormally 
placed, although, in the case of the blue clay a, we ought to add 
that the shafts do not reach its base, so that it is unknown whether 
anything intervenes between it and the chalk. 

_ In conelusion, we would venture to remark that the sections re- 
ferred to appear to us to militate against the excavation of our 
East-Anglian valleys by river-agency, as well as to show the il- 
lusory character of the level-test as applied to the elucidation of 
the age of the newer Tertiaries, especially of those occurring in 
valleys ; although we are far from saying that the evidence of level, 
when kept in due subordination to other features, has not its value. 

Note.—This paper was postponed in the hope that the progress 
of the works would have brought further facts to light ; but nothing 

* Quart. Journ. Geol. Soe. vol. xxiii. p. 89. 
t Ibid. See the bed a of that section, which is not to be confounded — 

the bed a@ of the section which accompanies the present paper. 
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further has transpired. It is not impossible that the bed a may, in- 
stead of underlying, be bedded vertically against No. 5, and that 
the shaft, after passing through No. 5, encountered a lateral protru- 
sion of a. Ifso, there would be no reason for regarding a as any- 
thing else than the bed No. 6, which it resembles in parts distant 
from Norwich. | 

SS 

2. On some recent Discoveries of Fuunt Imprements of the Drirt 
in Nor¥Foik and SurFouk, with observations on the Theorres account- 
ing for their Distribution. By J. W. Fuower, Esq., F.G.S. _ 

(Read April 28, 1869 *.) 

[Puate XX. ] 

In June 1866 I had the honour to lay before the Society a paper 
upon some flint implements then lately found at’ Thetford in the 
valley of the Little Ouse rivert; I have lately occupied myself 
with further investigations of the same district, the results of which, 
are, I trust, of sufficient interest to justify me in bringing them to 
the notice of the Society. 

The localities which I have now examined are four in number. 
In each of these flint implements have been found, and in several of 
them in great abundance, corresponding in the main, as well in 
fashion as in material, with those of St. Acheul, Thetford, Salisbury, 
and Icklingham, which are now so well known. 

Broomhill.—tThe first deposit which I have to notice is found at 
Broomhill, on the north bank of the river, about five miles from 
Thetford, and two from Santon Downham mentioned in my former 
paper. The implements, which are usually much rolled and worn, 
and are often stained to a chocolate-colour, are here found in a 
gravel-pit about 350 feet from the river-bank. They are usually 
met with in a bed of ferruginous flint-gravel about 2 feet thick, 
resting immediately on the surface of the chalk, and 5 or 6 feet 
above the level of the river. This gravel, which is very coarse and 
not much rolled, contains large flint nodules, some of them weighing 
over a hundredweight, and is mixed with rounded quartzite 
pebbles and rolled fragments of chalk. It is overlain by another 
stratum of gravel, less ferruginous and containing a greater propor- 
tion of broken chalk ; and this bed, in its turn, is capped by a mass 
of siliceous sand, sparingly intermixed with angular flints of no great 
dimensions. These several beds constitute a mass of from 25 to 30 
feet in thickness. No gravel is found on the opposite bank; the 
ground there, which is moor or fen, rises very slightly above the river- 

- surface, and forms a plain extending about half a mile to the base of 
the chalk-hills. 

Gravel Hill, Brandon.—At this place, situate two miles and a 
half west of Broomhill and on the Suffolk side of the river, another 

* For the Discussion on this paper, see p. 272 of the present volume. 
Tt Quart. Journ. Geol. Soc. vol. xxiii. p. 45. 
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deposit is met with, the position of which, however, is essentially 
different from that found at Broomhill. From a careful survey which 

Plan of Gravel Hill, Brandon. 

\ A Eittle Quse 
= Fac kiln 

< 4 

eid 

Ss — Ss 
— 

+ Gravel-pits—Height 90°62 feet, from A to B, taken from the level of the 
river. Distance from the river 78 chains. 

I have lately made it is found to be 91 feet above the river, and very 
nearly a mile distant from it at the nearest point; it comprises an 
area of from thirty to forty acres, occupying the summit of a hill 
overlooking an extensive sandy plain, which at a short distance 
merges in the great level of the fens. The bed of gravel here is 
usually not more than 10 feet in thickness, and often less, resting im- 
mediately upon the chalk ; and, as at Broomhill, the implements are 
usually found at the bottom of it, and occasionally they lie upon the 
chalk. As regards its composition, however, no less than its position, 
this gravel differs greatly from that found at Brandon; the nodules 
of flint are not so large, there is very little of the broken chalk, and 
the mass of the overlying sand is much less. 

By far the larger proportion (perhaps three-fourths of the whole 
mass of gravel) consists of rounded quartzites, and a few jasper- 
pebbles, while at Broomhill the proportion of these is hardly a 
thirtieth part of the whole. In some spots, indeed, these pebbles 
form a compact mass with hardly a single flint; and under one 
of these, at a depth of 6 feet, I procured a very well-shaped implement. 
The implements here are not generally stained of so deep a colour as 
those at Broomhill; and while many of them are of very coarse 
workmanship, and much worn and broken, others are of excellent 
forms, and as sharp and fresh as when first made. 

Lakenheath.—The next deposit which I have examined is at Laken- 
heath, Suffolk, distant three miles from the left bank of the river. 
It is found on some high ground known as the Broom, between 
Lakenheath and Eriswell, and is at about the same height above the 
river, and of the same character as that at Gravel Hill, from which it 
is separated only by a shallow valley. These hills are only two 
miles and a half apart, and the beds which now cap them were 
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doubtless at one time continuous. There is not so much quartzite 
and jasper here, nor is the gravel so ferruginous as at Brandon; 
and being worked for the parish roads, and not for sale, as in the 
other pits, fewer flint implements have been obtained from it. The 
gravel extends over an area of about 60 acres, and lies immediately 
upon the chalk, to the same depth as at Brandon—8 to 10 feet. 

Shrub Hill, Feltwell_—_This deposit differs materially from the 
others ; it is found on a farm known as Shrub Hill farm, situate in 
the fen on the Norfolk side of the river, and about eight miles below 
Gravel Hill, The implements occur in, or rather beneath, a patch of 
coarse flint-gravel and sand, which is apparently completely isolated. 
The chalk is here wanting, and the gravel, which is spread over an 
area of more than twenty acres, reposes immediately upon the sur- 
face of the gault. This bed, which is now extensively worked, was 
until lately quite unknown, the gault and the gravel being alike 
effectually concealed by the great bed of peat which just covers 
them. Although not laid down in any map, this gault is evidently a 
continuation of the bed, portions of which are shown in the Society’s 
map, at Downham, Cambridgeshire, to the south, and Stoke Ferry, 
Norfolk, to the north. 

The gravel here is about 12 feet in thickness, but at the surface 
it is only 6 feet above the river. The implements here, as at 
the several other places above described, are, with very few excep- 
tions, found at the bottom of the gravel, and not seldom they are 
lying upon the surface of the gault; they are usually much worn 
and rolled, and occur in considerable numbers: the gravel here is 
unstratified, and contains much less quartzite than at Brandon, and 
the overlying sands do not attain to so great a thickness. 

Both at Broomhill and Brandon, as well as at Shrub, the imple- 
ments are found in considerable quantities ; I have procured several 
hundred specimens, sometimes as many as a hundred at a time. 
Other collectors have also visited the pits, and I have no doubt 
that there have been at least 1500 specimens procured from them 
within the last two years. When it is considered how many must 
escape the notice of the workmen, we may well believe that 
the valley of the Little Ouse is as prolific of these objects as that of 
the Somme, if not more so. 

It has been usual hitherto to consider them as divisible into three 
kinds,—the flakes, the pointed, and the ovoid; but several others may, 
I think, now be distinguished. One implement, from Shrub Hill, which 
was found on the surface of the gault, is probably the largest yet 
discovered in England or France; it is 114 ins. long, and its cir- 
cumference at the thickest part is 13 inches. Two of those pro- 
cured from Brandon are formed from quartzite-pebbles similar to 
those among which they are imbedded. Mr. John Evans has 
also found one of the same material, although of a somewhat dif- 
ferent form, and he has obtained a well-shaped implement of diorite 
from the same place; in each of these a portion of the original sur- 
face remains, These, I believe, are the only instances in which such 
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materials are known to have been used in England for implements 
of this age. With these exceptions, all the specimens that have been 
found were formed from nodules of chalk-flint which it is probable had 
previously been long exposed upon the surface. Many of the flints 
found with the implements have been fractured by internal expansion, 
resulting probably from atmospheric influences; some of the imple- 
ments themselves have been made from stones thus broken, and others 
were broken by the same means afterwards. Many points and butts 
are also found, which doubtless were broken in the process of manu- 
facture, the fractured surface retaining precisely the same patina or 
stain as the worked surface. 

Although the implements of this district bear a certain general 
resemblance to those with which we are familiar from the Somme, 
as well as to those of Salisbury, and Hoxne, and Icklingham, I think 
that some slight differences may be detected as regards shape and 
workmanship ; and indeed it seems by no means certain that the 
implements found at Broomhill do not differ from those at Brandon. 
Thus at the former place they are often of a wedge-like form, 
resembling rudely a shoe or foot with a high instep, a variety which 
is not found at Brandon; while at the latter pits they sometimes 
occur of a large leaf-like pattern, about 8 inches long by 4 wide and 
only 2 inches thick at the thickest end, tapering off to 7 of an inch. 
I have never met at Shrub Hill or Broomhill with any others of this 
form. In other localities differences have been noticed in the imple- 
ments found in deposits quite as near to each other as these. Those 
of St. Acheul differ from those found at Montiers; and Mr. E. T. 
Stevens, who has so carefully studied the Wiltshire implements, 
assures me that the group found at Bemerton is of a type decidedly 
different from those at Milford Hill, a mile and a half distant, and 
that both of these differ from those found at Hill Head in Hampshire. 
Possibly each place may have had its own workmen, and perhaps in 
some cases different shapes were used to meet different requirements. 
It would be inconvenient to attempt here to give a detailed account 
of these differences ; and, indeed, much longer and more careful obser- 
vation is needed before we can arrive at any certain conclusions on 
the subject. Can 

No shells, either fluviatile or marine, have as yet been discovered in 
either of the several deposits above described ; but since my former 
paper was published, I have found at Thetford a thin seam of fine white 
sand, with a few land and freshwater shells, lying some feet above 
the gravel in which the implements occur. Two teeth of Hlephas 
primigenius, aS well as some bones of Bos Urus, have also been found 
in the Thetford gravel; and from Shrub Hill I have some fragments 
of the horns of deer, and teeth of some ruminant, probably deer also, 
as well as some teeth of a small species of horse, all much broken 
and rolled; with these exceptions I believe that no mammalian 
remains have hitherto been noticed in these beds, nor any other 
traces of man’s presence than the flint and stone implements. 

The geography of the district, with reference to other places in the 
neighbourhood in which implements have been found, will be under- 
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stood by reference to the accompanying map (Pl. XX.). At about 
three miles distance from Broomhill and Brandon, on the north, a high 
tableland, of about a mile in width, divides the valley of the Little 
Ouse from that of the Wissey (which flows in the samedirection). This 
hill (which forms the watershed of both rivers) is capped with drift- 
gravel and siliceous sands closely resembling those seen at Brandon, 
the quartzite pebbles, however, being somewhat less abundant *. 
On the south side the river is bounded for some distance by the hills 
at Brandon and Lakenheath, on which the implements occur; and 
about seven miles further south, in the Larke Valley, at Ickling- 
ham, another well-known deposit of implements has been met with. 
West of these several localities is seen the great level of the Fens, 
extending through Norfolk, Suffolk, Cambridgeshire, and Hunting- 
donshire into Northamptonshire and Lincolnshire, while to the 
eastward, passing by Santon Downham and Thetford, the Little 
Ouse is traced back to its source at Lopham Ford; and closely 
adjoining to the source, and only separated from it by a bank of 
sand 5 or 6 feet high and 200 yards wide, is found the source of 
the Waveney, which after running north-east, passing by Hoxne 
(another locality for flint implements), falls into the sea at Yar- 
mouth}. There seems to be little doubt that these valleys (of 
the Ouse and the Waveney) are derived from one continuous 
valley of submarine erosion, by which Norfolk was formerly cut off 
from the rest of the kingdom, and constituted an island. 
We have clear evidence that even within the historical period the 

district to the westward through which the river flows, after leaving 
Brandon, was at a much lower level than at present, the valley 
having been filled up with peat, and thus brought to a dead level, or 
nearly so, extending over many hundred square miles. Polished 
flint implements of the Neolithic period have been often found lying 
below the peat or low down in it, as well as bronze celts and spear- 
heads; the peat varies in thickness from 1 or 2 feet to 20.or even 
30 feet, and in it are found querns of pudding-stone and Roman 
antiquities. In many places in the level of the fens other unmis- 
takeable proofs have been met with of the comparatively recent 
origin of these beds. In one place swaths of grass lying just as 
they were mown were found at the depth of 8 feet, and in other 
places, at depths varying from 10 to 20 feet, there have been found a 
smith’s forge with his tools and horseshoes, tan-pits, a cart-wheel, 
and ancient causeways, and the skeletons of sea-fish, and boats or 

* Since this paper was read, I have visited this place in company with Mr. 
Prestwich. He considers this gravel to belong to the Boulder-clay series ; and 
we certainly saw a capping of clay about a foot thick covering a portion of it. 
The implement-bearing gravel at Brandon is precisely of the same composition, 
although the quartzite-pebbles occur in much more compact masses. Mr. 
Prestwich, however, considers it to be a reconstructed gravel, and of subsequent 
date to that in the watershed. 
-t In the map published lately by the Society, Lopham Ford is stated to be 

only 15 feet above high-water mark at Lynn; but this is probably a mistake: the 
river at Brandon is found to be 15 feet above high-water mark, and the source 
at Lopham Ford is probably about eight feet higher. 
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canoes. Italso appears, from the depositions of witnesses laid before 
Parliament in 1696 in support of a petition for the removal of 
Denver Sluice, that, prior to 1650, when the sluice was erected, the 
tide flowed twenty-four miles further than it then did into “ the 
deep rivers of Ouse, Stoke (the Wissey), Grant (the Cam), and 
Mildenhall (the Larke);” and one witness deposed that before the dam 
was built the tide flowed up to Wilton Lode, which is just two miles 
from Brandon, and at the foot of the hill above described *. 

From these details it will be seen that these beds in every material 
particular bear a close resemblance to those of the Somme, which 
have been so well described by Mr. Prestwich. In each, the imple- 
ments are for the most part found in a bed of coarse flint-gravel, 
which rests immediately upon the chalk, and is overlain by other 
masses of gravel and siliceous and calcareous sands. In both deposits 
the implements are of the same material, the same, or nearly the 
same fashion, in similar condition, and associated also with similar 
mammalian remains, and each is destitute of those fossils which are 
wanting in the other. This remarkable correspondence between 
these beds in the South-east of England and those of the north of 
France not only tends to confirm the opinion which has been formed 
on other grounds, that at the commencement of the Quaternary epoch 
the two countries had not been severed, but leads to the belief that 
even at this early period they were inhabited by man. 

Nor is the resemblance which these valleys bear to each other 
confined to the lower beds. In both, as we approach the coast, and 
at about the same distance from it, the drift-gravel is overlain by a 
thick bed of peat, which entombs the remains of ancient forests of 
similar character, and in either country is found to contain similar 
mammalian remains, associated with implements or weapons of 
like material and workmanship. We have thus the same evi- 
dence in both countries that the first known stage of the Quater- 
nary period has passed away, and a new and well-defined era has 
arrived. In England, as in France, the great Pachyderms have 
entirely disappeared, and are succeeded by a new fauna adapted to 
new conditions, and to be superseded in due time by other creatures 
and other conditions. As the Beaver, Wild Boar, Bos longifrons, 
the Roe, and the Red Deer have replaced the Elephant, the Rhino- 
ceros, and the Hippopotamus, so instead of the rude implements 
fabricated by the men who were contemporary with these animals, 
the fens of Norfolk and Cambridgeshire as well as those of Picardy 
are found to contain the polished flint and stone implements of a far 
later period, and pudding-stone querns of precisely similar material 
and form. 

Such being the phenomena presented to our notice, it remains to 
consider what light they throw upon the origin and history of the 
implements. Hitherto it has been usual to place them in the same 
category with the beds in, or beneath, which they occur; they are 

* The confluence of the Little Ouse or Brandon river with the Great Ouse is 
still known by its ancient name as Brandon Creek, while that of the Wissey is 
known as Hilgay Creek. 
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regarded merely as the characteristic fossils of certain river-valley 
gravels, without reference to the condition of either previous to their 
being brought together. But although the conditions of either 
deposit can hardly fail to throw light upon the history of the other, 
each has undoubtedly a history and (geologically) a date of its 
own ; the implements, although in the gravel, are not of it, except 
in a certain limited sense. The one is the product of human skill, 
the other the result of natural causes ; and it is essential to con- 
sider them separately, as well as in their connexion with each other. 
When first observed, the implements had always been found in the 

immediate neighbourhood of river-channels, and assuming (as it seems 
usually to have been assumed) that they had been carried from the 
places in which they were made, it was reasonable to ascribe their trans- 
port to those rivers; but this was but a presumption which, however 
reasonable, was liable to be rebutted. Because certain objects are 
found in or near the banks of rivers, it by no means follows that 
they must of necessity have been carried thither by the rivers; they 
may have been deposited by other means, and possibly even before 
the rivers had an existence, and there seems good reason for believing 
that as regards many, or indeed most, of these flint implements this 
may have been the case. 

At the commencement of the Quaternary epoch, when, by the re- 
tiring of the sea, or the elevation of its bed, the Cretaceous and 
Tertiary strata became dry land, it cannot be doubted that the surface, 
in many places, was, as it still remains, strewn, especially in valleys 
and hollows, with fragments of various rocks—the wreck and ruin 
of beds which had been broken up and dispersed. Of these a large 
proportion would consist of nodules of flint which had been 
washed out of the upper chalk-beds, or from which the chalk had 
been removed by decomposition. Abundant materials would thus be 
provided for the makers of implements and weapons, and the fol- 
lowers of this primitive industry would naturally resort to those 
spots on which the best material was to be found. The condition 
in which we find them is quite consistent with the belief that 
the stone from which the implements were formed had previously 
been long exposed upon the surface. At one time, therefore, 
the raw material and the manufactured were alike lying upon 
the surface, and after some interval of unknown but probably very 
extended duration, both were alike overwhelmed by those masses of 
sand and gravel beneath which we now see them. ‘This interval 
doubtless involved important changes, including perhaps the oblite- 
ration of ancient river-channels and the formation of new ones. 

If, as has been sometimes supposed, the implements were carried 
about by river-floods, or by deluges, whether marine or of fresh 
water, we should expect to find them confusedly intermingled with 
the sands and gravels, and they would be strewn continuously along 
the whole course of the valleys. This, however, seems not to be the 
case ; for although the gravel-beds are continuous (frequently for 
several miles), the implements hitherto have been found only at de- 
tached spots, often far apart, and which were probably visited on 



456 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. ~ 

account of convenience of access or better materials. And instead 
of being blended with the higher beds (with some exceptions, which 
are probably attributable to the displacement and reconstruction of 
the original deposit), they are found in the lowermost stratum— 
that which rests immediately upon the Cretaceous or Tertiary beds, 
and which would be left bare when these became dry land. 

It is true that occasionally, although comparatively rarely, im- 
plements are found lying above the lowest bed ; but this is not in- 
consistent with the belief that they were originally deposited at the. 
lower level, which I regard as their ordinary or normal position. 
Unlike marine deposits, which are usually those of accretion, the 
changes which are effected by river- or deluge-agency are those of 
denudation and dislocation ; and it is evident that after the lowest 
stratum was constituted 1t was overwhelmed by other very con- 
siderable masses, which could only have been transported by powerful 
torrents. These, in their course, conveying rocks of considerable - 
magnitude, could not fail to some extent to break up the subjacent 
beds, and in this way some implements would be taken from their 
first place of deposit, and left at relatively higher levels. As every 
inundation disturbs, and partially, if not entirely, effaces the traces of 
that which preceded it, so the upper portion of any bed may be 
carried away and form a new deposit, upon which the lower portion 
may afterwards be thrown, and thus the position of each becomes 
reversed. The worn appearance of some specimens, as compared 
with the fresh and sharp condition of others, tends to show that, 
while the latter have been but little, if at all, displaced, the former 
have been subjected to much rolling and attrition. 

The circumstance that some implements are found lying above 
the lowermost stratum of gravel is thus not inconsistent with the 
belief that the stones from which they were wrought were neverthe- 
less taken from that bed, and that they are thus to be ascribed to the 
commencement of the Quaternary period. On the other hand, if we 
should reject this view, we should be forced to conclude that the 
process of manufacture was continued through the very lengthened 
periods that would be requisite for the excavation of the existing 
river-valleys, involving the assumption, so difficult of acceptance, 
that although these implements were fabricated and used by many 
successive generations, they all passed away without leaving any 
other trace of their existence; and we must also suppose a constant 
recurrence of those agencies, whatever they may have been, by 
means of which these things were buried under thick masses of 
gravel and sand. | 

Under all the circumstances, therefore, it seems probable that the 
implements for the most part were not transported by any river or 
flood, but that they were made, or left, at or near the spots where 
we find them, although in some instances, especially in valleys 
and watercourses, they may have been afterwards displaced. 

But even if it were otherwise, if it were certain that they were 
brought into their present position at the same time with the beds of 
gravel in which they occur, and by the same means, the belief that, 
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those beds were deposited by the agency of rivers involves so many 
difficulties and objections, that it can hardly be accepted without 
much further consideration than the subject has received, much as, 
it has been discussed. Indeed, unless we are prepared to admit that 
all the Quaternary gravels were brought to their present places of 
deposit by the agency of rivers (which is evidently impossible), it is 

_ unreasonable to attribute to that agency any particular portion of 
those gravels merely because they happen to contain implements. 

Considerable differences of opinion exist between French and 
English geologists as to the causes which led to the accumulation 
and distribution of those superficial drifts in the south-east of 
England and north of France of which the flint-implement-bearing 
beds form part: while the French geologists unanimously attribute 
them to some kind of cataclysmal or diluvial action (although they 
differ among themselves as to its particular character), the English 
geologists are nearly unanimous in ascribing them to the action of 
existing rivers, or at least of rivers which then ran in the same 

_ direction as they now do, and drained the same areas. ‘The present is 
not a convenient occasion for considering this subject at any length. 
I propose only to show how inadequate, as it seems to me, is the 
theory of fluviatile transport to explain the condition of the deposits 
before referred to and of others of a like character. 

The opinion of English writers cannot be better stated than in 
the words of Mr. Prestwich, from the able and exhaustive memoir 
upon the flint-implement deposits read by him before the Royal 

Society in 1862. He says, “ that certain beds of gravel, at various 
levels, follow the course of the present valleys, and have a direction 
of transport coincident with that of the present rivers, and that the 
extent and situation of some of these beds so much above existing 
valleys and river-channels, combined with their organic remains, 
point to a former condition of things when such levels constituted. 
the lowest ground over which the waters passed ;” further, ‘that the 
size and quantity of débris afford evidence of great transporting 
power; while the presence of fine silt, with land shells, covering 
all the different gravel-beds, and running up the combes and capping 
the summit of some of the adjacent hills to far above the level of 
the highest of these beds, points to floods of extraordinary magni- 
tude ;” that “these conditions, taken as a whole, are compatible 
only with the action of rivers flowing in the direction of the present. 
rivers, and in operation before the existing valleys were excavated 
through the higher plains, of power and volume far greater than the 
present rivers, and dependent upon climatal causes distinct from 
those now prevailing in these latitudes”; and he adds that “ such a 
result might formerly have been obtained, Ist, by a direct increase 
in the rainfall ; 2ndly, by the accumulation and rapid melting of the 
winter snow, or by the two causes combined ; and 3rdly, by the fall 
of rain in the spring while the ground was in a frozen state.”’ 

Mr. Prestwich’s opinions have been acquiesced in both by Sir Charles 
Lyell and Sir John Lubbock. The latter, in his preface to the recent. 

- English edition of Sven Nilsson’s ‘ Primitive Inhabitants of Scan- 
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dinavia, when speaking of the antiquities referable to the Paleoli- 
thic age, says “‘ that they are usually found in bedsof gravel and Joess, 
extending along our valleys, and reaching to a height of 200 feet 
above the present water-level ;” and he adds; “‘ that these beds were 
deposited by the existing rivers, which then ran in the same direc- 
tion as at present, and drained the same areas.’ 

As long as it was believed that the implement-bearing gravels 
were never found except on or very near to the banks of rivers, it © 
was reasonable to attribute to those rivers the transport of the 
gravel in which they were imbedded; but from more recent obser- 
vations, both in England and France, it seems evident that the im- 
plement-bearing gravels, as well as others of the same character, 
which are not yet known to contain implements, do occur in localities 
so far removed from existing rivers, and, when found near rivers, at 
such elevations as almost to preclude the belief that those rivers, 
however swollen by excessive rainfall or melting snow, or otherwise, 
could have at all affected their condition. 

Thus, for instance, as we see at Brandon, the implement-deposit. 
occurs at an elevation of from 80 to 90 feet above that at Broomhill 
(which is two miles higher up the stream), and about the same above 
Shrub Hill, which is several miles lower down. Yet, notwithstand- 
ing this great difference in the levels, we have strong, if not un- 
mistakeable indications, derived in some measure from the imple- 
ments themselves, that all these deposits were (geologically) con- 
temporaneous. The implements in each are substantially of the 
same age and character; the matrix of red gravel, in which they 
rest, is of the same composition; the beds rest directly upon the 
eroded surface of the chalk or the gault, and are more or less over- 
lain by sands of the same description. But it is incredible that 
such deposits (if of the same age), should owe their origin to one 
and the same river ; for if so, in order to reach the higher level, it 
must have been swollen to the height of 100 feet above the level at 
Broomhill and Shrub, and extended three miles to the south. This 
would require a volume of water of dimensions and power several 
thousand fold greater than those of the present river ; and to supply 
such a stream, the basin from which the river is fed (occupying as 
it does an area of not more than 300 square miles) is altogether in- 
sufficient ; nor, indeed, would the present contour of the country 
allow such a river to flow in that direction. 

Nor would the difficulty be removed or lessened if we were to dis- 
regard those proofs of contemporaneity to which I have adverted, 
and to assume that these deposits were separated from each other 
by an interval of time sufficient to allow of the excavation of the 
existing river-valley to the depth of the 80 or 90 feet which now 
divide it from the Brandon bed. We have no reason whatever 
to believe that, in these districts, the relative levels of the sur- 
face have undergone any material change during the Quaternary 
period*; and, if not, in order to account for the Brandon and 
Lakenheath deposits, we must suppose that this river once flowed at . 

* Phil. Trans. 1864, pp. 286-290. 
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’ a height at least 100 feet above the present stream, and afterwards 
altered its course, and flowed several miles to the north. But this 
could never have been the case: for, just as at Moulin Quignon and 
Saint Acheul the gravel-beds described by Mr. Prestwich are not 
commanded by any higher grounds, and are out of reach of all 
running water, and of any possible interference from agents in pre- 
sent action, so here they are found at an elevation of at least 80 feet 
above the source of the river, which is not more than twenty miles 
distant, and there is no high land in the neighbourhood from which 
a river capable of leaving such a deposit could possibly have been 
supplied. It is equally clear that if the water had been supplied, 
it never could have reached to the summit of the hills. These, as I 
have shown, immediately overlook or overhang the great level of the 
fens, which was formerly a considerable valley, much of it having 
been filled up by peat within a period comparatively recent. Before 
the river could have attained to a height sufficient to submerge the 
hills and cover them with its spoils, it must have fallen into the low 
grounds on either side, and, filling up the valley, have found its way 
to the sea, or, if not, it would have formed an inland lake ; in either 
case the transporting power of the water would have been lost long 

before it reached the required level. 
In confirmation of the views here stated, I may notice that flint- 

implement-bearing gravels have lately been observed in several other 
localities, on table-lands and hills far removed from any existing 
river, and destitute alsoof the slightest trace of any ancient river. 

Atthe Reculvers they are obtained from a small patch of flint-gravel 
on a cliff overhanging the sea, and 80 feet above it; while at Hill 
Head, in Hampshire, and at Bournemouth, Dorset, they have been 
found in similar situations and at greater elevations. 

A still more remarkable instance has been described by Mr. Bruce 
Foote as occurring near Madras*. The implements here are made 
from pebbles of quartzite, and in form and workmanship are closely 
allied to the English and French types. They are found in a 
red ferruginous clay, known as laterite, which forms a belt eight 
or ten miles in width, running parallel with the coast-line for 
the distance of 300 miles. These beds are cut through at inter- 
vals, and to great depths, by the rivers of the country running at 
right angles to the coast-line, and falling into the Bay of Bengal. 
The implements are never found in the river-channels, except where 
it is clearly seen that they have been derived from the laterite cliffs. 
They occur at the height of 500, 1000, and even 1400 feet above 
tho sea-level, and at this height are associated with enormously 
large boulder-gravels of quartzite capping the watersheds of the 
rivers. Like several French and English deposits, these beds rest 
upon the Cretaceous and Posteretaceous beds; like them they are 
entirely destitute of marine or freshwater fossils ; and, ike them also, 
they are frequently far distant from any river or river-channel 7. 

* Quart. Journ. Geol, Soc. vol. xxiv. p. 484. 
+ Since this paper was prepared, Mr. John Evans has shown me three well- 

shaped flint implements lately found near Southampton, one at ie depth of five 
VOL. XXV.—PART I. ue 
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The presence of freshwater shells in some of these beds has been ~ 
regarded as indicative of their fluviatile origin; as far, however, as 
the evidence at present extends, this condition is the eaception 
rather than the rule. When these gravels remain at what I regard 
as their original place of deposit, viz. immediately upon the chalk 
or gault surface, I believe that not a single river or lake shell has 
ever been found associated with them, or lying below them, either 
in the flint-implement-bearing gravels, or in the very extensive beds 
of similar gravel in the south and south-east of England and in the 
north of France, which are not: known to contain implements. 
Certainly no shells have been seen in either of the four deposits 
above described; nor are there any at the Reculvers, Bournemouth, 
or Hill Head; and the gravels at Madras are equally destitute of 
them. The presence of these shells in the upper portion of these 
beds by no means involves the conclusion that they are of the same 
age as the underlying drift; for, assuming that that was formed and 
left as above suggested, the valleys and hollows would soon become 
lakes and rivers, into which in process of time freshwater mollusks 
would find their way ; and whenever the lower beds should be broken 
up and reconstructed, the shells would be mingled with the debris, 
and thus become undistinguishable from the older deposits. ° 
- Another circumstance which has been relied upon as showing the 
fluviatile origin of these gravels is the absence of any rocks except 
those of the district through which the rivers take their course. I 
do not think that this is very clearly establishedt ;. but, assuming it 
to be so, it is quite consistent with the notion of diluvial transport 
that the loose objects found on the surface should not be trans- 
ported out of their own district: rocks and stones, if swept away | 
by a deluge, would very soon find their way into valleys and 
hollows, and be left there when the waters had retired. 

In conclusion I would suggest that the distribution, in the first 
instance at least, of these drift-beds, containing, as they do, so large 
an admixture of chalk and tertiary and boulder-clay rocks, may 
reasonably be attributed to the same forces or conditions, whatever 
they were, by which the Tertiaries and Boulder-clays were broken 
up and their materials so widely dispersed and intermingled. We 
know nothing of these, except from their results ; but, whatever they 
may have been, it seems quite certain that they are not ascribable 
to fluviatile agency, and I am therefore disposed, with the French 
geologists, to attribute them to some powerful cataclysmal action, 
perhaps of short duration, and several times repeated. . 

feet in flint-gravel. Two were found near the Cemetery, at a height stated to be 
110 feet above high-water mark, and a mile distant from the beach; the other 
was at a spot considerably higher and more inland. 

+ M. Buteaux, in his very elaborate and careful description of the Somme 
valley, says that in the diluvium of that valley certain rocks are found which 
come from the Tertiary beds of the departments of the Oise and Aisne. Mr. 
Prestwich considers that the quartzite pebbles at Brandon are derived from the 
Boulder-clay series ; but I am not aware that there are any Boulder-clays in the 
pyres the river from which such a mass of these pebbles could have been 
erive , 
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F. Richthofen.—Mittheilungen von der Westktiste Nordamerikas, 1. 
C. Rammelsberg.—Ueber Tellurwismuthsilber aus Mexico, 81. 
—. Ueber zwei Meteoreisen aus Mexico, 83. 
——. Beitrage zur Kenntniss der Constitution mehrerer Silikate, 

106. 
— Websky.—Ueber Epistilbit und die mit ihm vorkommenden 

Zeolithe aus dem Mandelstein vom Finkenhiibel in Schlesien, 
100. 

F, Heidenhain.—Ueber Graptolithen-fiihrende Diluvial-Geschiebe 
der norddeutschen Ebene, 1438 (1 plate). 

A, Kunth.—Beitrage zur Kenntniss fossiler Korallen, 183 (2 plates). 
O, Silvestri—Ueber die vulkanischen Phanomene des Aetna in den 

Jahren 1863-66, 221 (1 plate). 
ae von L, Pflticker y Rico, und von Dicker an H. Hck, 239, 

0. 

——. Sitzungsberichte der Gesellschaft naturforschender Freunde 
zu Berlin im Jahre 1868. 1869. 

— Zenker.—Ueber die Wiiste bei Suez, 82. 
——. Lavastrome am Vesuv, 33. 

Berwickshire Naturalists’ Club. Proceedings. Vol. vi. No. 6. 
From G. Tate, F.GS. 

Bordeaux. Mémoires de la Société des Sciences Physiques et Natu- 
relles de Bordeaux. Tome vi. Nos.1&2. 1868. 

Calcutta. Journal of the Asiatic Society of Bengal. Vol. xxxviii. 
Part. No. de sands Part. 2. No, ae 

——.. Proceedings of the Asiatic Society of Bengal. 1868. No. 12 
(December). 

1869. No. 1 (January) & No. 4 (April). 

T. Oldham.—On the Earthquake of January 10, 1869, 113. 

Canadian Journal of Science, Literature, and History. New Series. 
Vol. xu. -No. 2. April 1869. 

Chemical News. Vol. xix. Nos. 487-499. 
Chemical Society. Journal. Second Series. Vol. vii. April to June 

1869. 

Anniversary Meeting, March 30, 1869. 
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Colliery Guardian. Vol, xvii. Nos. 481-433. 

Dresden. Sitzungsberichte der naturwissenschaftliche Gesellschaft 
Isis. 1869. Nos. 1-3. January to March 1869. 

H. B. Geinitz und T, Reibisch_—Uebher einige fossile oder subfossile 
Saugethierreste von Posneck, 6. 

— Gunther.—Ueber Rudisten, 12. 
— _ KEngelhardt.—Beschreibung einiger tertiirer Thiertiberreste von 

Seifhennersdorf, 31. : 
— Romer.—Ueber die in dem alten und neuen Rom verwendeten 

Baumaterialien, 37, 

East India Association. Journal. Vol. m.. Now2: 

Exeter. Report of the Proceedings of the Teign Naturalists’ Field- 
club for the year 1868. 

Geological Magazine. Vol. vi. Nos. 4-6. April to June 1869. 

G. P. Scrope.—Supposed Internal Fluidity of the Earth, 145. 
N. Plant.—Brazilian Coal-fields, 147. 
W. Carruthers.—The Coal-plants of Brazil, and Notes on Flemingites, 

151 (2 plates). 
J. D. La Touche.— Measurement of River-sediment, 156. 
J. Croll.—On the Influence of the Gulf-stream, 157. 
dig Fe on Continental Geology and Paleontology, 162, 

99, 251. 
R. Tate.—On the oldest British Belemnite, 166. 
H. A. Nicholson.—On the “Skiddaw” Slates &c. of the Lake- 

district, 167. 
R. Owen.—On a Jaw, with teeth, of Strophodus medius, 193 (1 plate). 
G. P. Scrope-—On the Influx of Water as the cause of Volcanic 

Eruptions, 196. 
T,. Thompson.—Discovery of Remains of Hippopotamus in Drift near 

Motcomb, Dorset, 206. 
W. G. Atherstone.—The Discovery of Diamonds at the Cape of 

Good Hope, 208. 
H. A. Nicholson.—On the Geology of the Neighbourhood of Ingleton, 

213. 
H. Woodward.—On Eucladia Johnsont, a new Silurian Starfish, 241 

1 plate). 
iy Gee, Hunt.—On the probable seat of Volcanic Action, 245. 
G. H. Kinahan.—Notes on the Growth of Soil, 263. - 
R. Russell.—On the Flow of Rivers, and the Nature of River-sedi- 

ment, 268. 
S. R. Pattison.—Note on Postglacial Lake-basins in Westmoreland, 

272. 
Igelstrém, Nordenskidld, and Ekman ‘On Organic Remains in Fun- 

damental Gneiss in Sweden,’ noticed, 173. 
‘ Transactions of Edinburgh Geological Society,’ noticed, 174. 
Bristow’s ‘Mines and Miners,’ noticed, 175. 
‘Proceedings of the Bristol Naturalists’ Society,’ vol. iii., noticed, 

LTC 
‘Salt-deposits at Stassfurt, in Prussia,’ noticed, 215. 
‘Paleontographical Society’s Monographs,’ noticed, 217. 
Johnston’s ‘Physical Atlas,’ noticed, 218. 
Leonhard and Geinitz’s ‘ Neues Jahrbuch,’ noticed, 272. 
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Geological Magazine. Vol. vi. Nos 4-6 (continued). 

Carpenter and Brady ‘On Parkeria and Loftusia, noticed, 273. 
Prof. Huxley’s ‘ Address,’ noticed, 275. 
Lartet and Christy? ’s ‘ Reliquize Aquitanice,’ noticed, 277. 
Reports of Proceedings of Societies, 179, 221, 279. 
Correspondence, 188, 236, 286. 
Miscellaneous, 192. 

Giessen. Dreizehnter Bericht der Oberhessischen Gesellschaft fur 

Natur- und Heilkunde. April 1869. 

Glasgow. Transactions of the Geological Society. Vol. iii. Part 1. 
1868. 

W. Thomson. —On Geological Time, L 
J. W. Young. Miscellaneous Notes on Chemical Geology, 28. 
E. Hull—On the Causes which seem to have regulated the Relative 

Distribution of the Calcareous and Sedimentary Strata of Great 
Britain, with special references to the Carboniferous Formation, 33. 

J. Dougall. —Sketch of the Geology of the Falls of the Clyde, the 
Mouse Valley, and Cartland Crags, 44. 

J. Geikie.—On Denudation in Scotland since Glacial Times, 54. 
. On the Order of Succession among the Silurian Rocks of 

Scotland, 74. 
W. Grossart.—On the Upper Coal-measures of Lanarkshire, 96. 
H. W. Crosskey and David Robertson.—The Post-Tertiary Fossili- 

ferous Beds of Scotland, 113 (1 plate). 
J. Thomson.—Note on the Spines of Gyracanthus, 180. 
J. Bennie.—On the Surface-Geology of the District around Glasgow, 

as indicated by the Journals of certain Bores, 133. 
H. W. Crosskey.—On Boulder Clay, 149. 
A. Geikie.—On Modern Denudation, 153. 

Hanau. Bericht der Wetterauischen Gesellschaft fiir die gesammte 
Naturkunde zu Hanau, 14th October, 1863, to 31st December, 
HS67.. 18638: 

Heidelberg. Verhandlungen des naturhistorisch-medizinischen Ver- 
eins. Bandy. No. 1. 

— Fuchs.—Ueber die Circusbildungen in den Pyrenaen, 8. 
——. Ueber rothen Olivin, 11. 
——. Ueber die Vesuvlaven, 12. 

Journal of Travel and Natural History. Vol.i. No. 6. 

— Orton.—Excursions in the South of China. No, 1. A visit to 
Shao-K’ing-fu and the Marble Rocks, 546. 

— Hildebrande.—The Recent Earthquake at Hawaii, 360. 
Collingwood’s ‘Rambles in the China Seas,’ noticed, 363. 

Lausanne. Bulletin de la Société Vaudoise des Sciences Naturelles. 
Vol..xc'+No./61e :Apal 1869: 

Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie, 
und Paliontologie. 1869. Hefte 2 & 3. 

A. Tylor.—Das Amiens-Geroll, 150 (1 plate). ; 
— Goldenberg.—Zur Kenntniss der fossilen Insekten in der Stein- 

kohlenformation, 158 (1 plate). 
C. W. C, Fuchs.—Die Laven des Vesuy. Schluss, 169 (1 plate). 
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Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie 
und Palaontologie. 1869. Hefte 2 & 3 (continued). 

. O. Prolss.—Das Granit-Gebiet von Eibenstock im Erzgebirge, 259. 
E. Sandberger.— Untersuchungen tiber den Wenzelgang bei Wolfbach 

im badischen Schwarzwalde, 290. 
E. Reichardt.—Ueber den Polyhalit im Steinsalze zu Stassfurt, 325. 
A. Kenngott.—Zusammensetzung des Hauyn, 329. 
Briefwechsel, 194, 337. 

Linnean Society. Journal. Vol. xi. Botany. No. 49. 

J. Kirk.—On the Copal of Zanzibar, 1. 7 

London, Edinburgh, and Dublin Philosophical Magazine. Fourth 
Series. Vol. xxxvii. Nos. 249-251. April to June1869. From 

. Dr. William Francis, F.GS. tie 

Prof. How.—-Contributions to the Mineralogy of Nova Scotia, 264. 
S. Haughton.—Comparison of Granites of Cornwall and Devonshire 

with those of Leinster and Mourne, 306. - 
D. Forbes.—Researches in British Mineralogy, 321. 
H. Moseley.—On the impossibility of the descent of Glaciers by their 

weight only, 363. : 
Geological Society’s Proccedings, 309. 

Longman’s Notes on Books. No. 57. 1869. 

Mechanics’ Magazine. No. 2323. April 1869. 

Medical Press and Circular. New Series. Vol. vii. Nos. 12-26. 

Monthly Microscopical, Journal. Nos. 4-6. April to June 1869. 
D. Forbes——On the preparation of Rock-sections for Microscopic 

Examination, 240. 
Carpenter and Brady.—Description of Parkeria and Loftusia, two 

gigantic types of Arenaceous Foraminifera, 299. 

Moscow. Bulletin de la Société Impériale des Nafuralistes de Mos- 
~ cou. Tome xii. Part 1. No.2. 1868. ; 

W. von Middendorff.—Notiz tiber die Vrebreitung und Lagerungs- 
verhaltnisse der Steinkohle in dem Kreise Borowitschi des Gou- 
vernements Nowgorod, 475. 

H. Trautschold.—Die Laterne des Diogenes von Archéocidaris ros- 
sicus, 465 (1 plate). 

Munich. Sitzungsberichte der k6nigl.-bayer. Akademie der Wis- 
- senschaften zu Munchen. 1868. Band u. Hefte 3 & 4. 

Naturalist’s Note-Book. Vol. iii. Nos. 28-80. April to June 1869. 

C. O. Groom Napier.—On the Lowest Lias Beds occurring at Cotham, 
Bedminster, and Keynsham, near Bristol, 161. 

Neuchatel. Bulletin de la Société ae Sciences Naturelles de Neu- 
chatel. Tome vii. No.1. 1868. . 

J. F. W. Herschel.—Sur les causes Astronomiques qui ont une Influ- 
ence sur les Phénoménes Géologiques (traduction), 136. 
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Neuchatel. Bulletin de la Société des Sciences Naturelles de Neu- 
chatel. Tome viii. No. 1 (continued). 

E, Desor.—Présomptions en faveur d’un ancien niveau plus bas oe 
lacs de Neuchatel, Bienne et de Morat, 147. 

Offenbacher Verein fiir Naturkunde. Neunter Bericht. 1867-68. 

Palermo. Giornale di Scienze Naturali ed Economiche, pubblicato 
per cura del Consiglio di perfezionamento annesso al R. Istituto 
Tecnico di Palermo. Vol. iv. Fasc. 4. 1868. 

G. G. Gemmellaro.—Studi Paleontologici sulla Fauna del Caleario a 
Terebratula Janitor del nord di Sicilia, 130 (8 plates). 

Paris. Annales des Mines, Sixiéme Série. Tome xv. Livr. 1. 

. Bulletin de la Société Géologique de France. Tome xxyvi. 
No.1. March 1869. 

— Indes.—Sur la formation des Tufs des environs de Rome, et sur 
une caverne 4 ossements, 11. 

— Mussy.—Roches ophitiques du département de l’Ariége, 28. 

Comptes Rendus hebdomadaires des Séances de I’ Académie 
des Sciences. Tome lxviii. Nos. 5-22. 1869. 

A. Leymerié.—Récit d’une Exploration Géologique de la vallée de 
la Ségre, 550. 

C. de Mortillet.—Essai d’une Classification des cavernes et des 
stations sous abri, fondée sur les produits de l'industrie humaine, 
553. ‘ 

— de Cigalla.—Détails relatifs & l’état actuel du volcan de Santorin, 
555. 

E. Guillemin-Tarayre—Exploration orographique des contrées a 
caines de 1864-67, 595. 

R. Owen.—Apercu de la Géologie du désert d’Egypte, 625. 
J. Garnier.—Note géologique sur l’Océanie, les iles Tahiti et Rapa, 

647. 
— Grand’ Kury.—Observations sur les Calamites et les Asterophyllites, 

705. | 
, =. Sur les foréts fossiles du terrain houiller, 803. 

A. Milne-Edwards.—Nouvelles observations sur la faune ancienne 
des iles Mascareignes, 856. 

— Leymerie.—Sur la non-existence du terrain houiller dans les 
Pyrénées frangaises entre les gites extrémes des Corbiéres et de la 
Rhune, 1042. 

— Daubrée.—Note sur le Kaolin de la Lizolle et d’Echassiéres, dé- 
partement de ]’Allier, et sur l’existence de minerai d’étain qui y a 
été exploité 4 une époque extrémement reculée, 1185. 

H. Mangon.—Expériences sur les limons charriés par les cours d’eau, 
1214. 

Photographic Society. Journal. Nos. 204-206, 

Quarterly Journal of Science. No. 22. April 1869. 
Vesuvius, 188. 
Chronicles of Science, 288. 

Quekett Microscopical Club. Journal. No. 6. April 1869. 
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Revue de Géologie pour les années 1866 et 1867, par MM. Delesse et 
de Lapparent. 8vo. Paris, 1869. 

Royal Agricultural Society of England. Journal. Vols. xv.—xxv. ; 
and Second Series, Vols. i-iy., and Vol. v. Part 1. 

Royal Geographical Society. Proceedings. Vol. xiii. No.2. April 
1869. 

W. Chinn.—Soundings and Temperatures in the Gulf Stream, 92. 
A. G. Findlay.—On the Gulf Stream, 102. j 
J. F. Wilkinson.—Journey through the Gold Country of South 

Africa, 134. 

Royal Horticultural Society. Journal. Vol. ii. Part 6. 

Royal Institution of Great Britain. Proceedings. Vol. v. Part 5 
(No. 49). April 1869. 

Royal Irish Academy. Transactions. Vol. xxiv. Science. Part 11. 
1869. 

W. King.—On the Histology of the Test of the Class Palliobran- 
chiata, 439 (1 plate). 

Royal Society. Proceedings. Vol. xvii. Nos. 110 & 111. 

O. Heer.—Contributions to the Fossil Flora of North Greenland, 329. 
N. S. Maskelyne.—Notice on the.-mineral constituents of the Breit- 

enbach Meteorite, 370. 
W. B. Carpenter and H. B. Brady.—Description of Parkeria and 

Loftusia, two gigantic types of Arenaceous Foraminifera, 400. 
R. Owen.—On Remains of a large extinct Lama (Palauchenia magna, 

Owen), from Quaternary deposits in the Valley of Mexico, 405. 

St. Petersburg. Bulletin de Académie Impériale des Sciences de 
_ St. Pétersbourg. Tome xii. Nos. 1-3. 

P. Kostytschef et O. Marggraf.—Composition chimique des éponges 
fossiles apatites du terrain crayeux de la Russie, 19. 

G. von Helmersen. Coquilles marines trouvées dans les sables de 
Kara-kum, 23. 

Le Duc de Leuchtenberg.—Sur la Kotchoubéite, la Kammerérite et 
la Pennine, 33. 

F, Schmidt.—Communication préalable concernant les résultats 
scientifiques obtenus par l’expédition chargée de la recherche d’un 
Mammuth, 97. 

Scientific Opinion. Vol.i. Nos. 23-30. Vol. ii. Nos. 31-35. April 
to June 1869. 

James Croll.—On the Physical cause of the Motion of Glaciers, 445. 
Anniversary Address to the Geological Society of London, 463, 486, 

505. 
James Croll.—On the Influence of the Gulf Stream, 466, 489. 
Borasc Lake, California, 527. : 
Robert Brown.—On the Coal-fields of the North-Pacific coast, 546. 
David Forbes.—Babingtonite, a British Mineral, 3. 
J. W. Dawson.—On the Coal-field of Eastern Cape Breton, 8. 
William Thomson.—A Reply to Professor Huxley, 41. 
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Society of Arts. Journal. 115th Session. Nos. 854-866. 

J. Campbell.—On Waste Lands in India, 520. 
Mineral Caoutchouc in Australia, 554. 

Student and Intellectual Observer. Vol. iii. Nos. 15-17. April to 
June 1869. 

Stuttgard. Wirttembergische naturwissenschaftliche Jahreshefte. 
Band xxiv. Heft 3. 

M. Neumayr.—Petrographische Studien im mittleren und oberen 
Lias Wirttembergs, 16. 

K. von ChroustchoffiUeber einige neue Keuperpflanzen, 309 (1 
plate). 

Band xxv. Heft 1. 
— Steudel_—Ueber die erratischen Blocke Oberschwabens, 40. 
T. Engel.—Ueber die Lagerungsverhaltnisse des weissen Jura in der 
Umgebung von Herrbach, 57. 

Vienna. Anzeiger der k.-k. Akademie der Wissenschaften in Wion 
1869. Nos. 6-14. 

— Boué.—Ueber den wahrscheinlichsten Ursprung der zehn bis zwolf 
grossen bekannten Salzlagerstiatten, 52. 

F, Unger.—Die fossile Flora von Szénto in Ungarn, 61. 
— Reuss.—Zur fossilen Fauna der oligocanschichten von Gaas in 

Sud-Frankreich, 63. 
A. Auerbach. —Krystallographische Untersuchung des Gélestines, fle 
— Peters.—Wirbelthierreste aus der Kohle von Eibiswald in Steier- 

mark, enthaltend die Sippen Rhinoceros und Anchitherium, 72. 
A. Manzoni und E, Suess.—Ueber die Fauna zweier Ablagerungen 

des oberen Italiens, 92. 
G. Tschermak.—Ueber die mikroskopische Unterscheidung der Mi-, 

neralien aus der Augit-, Amphibol- und Biotitgruppe, 94. 
F. Simony.—Ueber Urgesteinsablagerungen im oberen Traungebiete, 

95 
C. von Ettingshausen, Beitrige zur Kenntniss der Tertiartlora Steier- 

marks, 107. . 

Verhandlungen der k.-k. geologischen Reichsanstalt. 1869. 
Nos. 5-8. 

A. von Groddeck.—Gangthonschiefer in den Erzgangen des nord- 
westlichen Oberharzes, 79. 

T. Petersen. —Ermittelung der Phosphorsaure in den Gesteinen. 
Polyargyrit, ein neues Mineral, 80. . 

E. Bunzel.—Die marinen Tegel vom Portzteich bei Voitelsbrunn, 81. 
H. Wolf.—Die Grundsondirungen der k.-k. priv. Staatseisenbahn- 

gesellschaft im Donauthale bei Wien, 82. 
. Brunnenbohrung in Rudolphsheim, 84. 

R. Pfeiffer.—Steinkohlenvorkommen bei Orlau und Dombrau, 84. 
G. Stache.—Geologische Aufnahmskarten des grossen Klippenzuges 

der Pieniny, 87. 
M. Neumayer.—Dogger und Malm im penninischen Klippenzug, 

87. 3 
E. Marka.—Ueber das Banater Gebirge, 101. 
A. Pichler.—Beitraige zur Geognosie und Mineralogie Tirols, 101. 
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Vienna. Verhandlungen der k.-k. geologischen Reichsanstalt. 1869. 
Nos. 5-8 (continued). 

C. L. Griesbach.—Die Klippen im Wiener Sandsteine, 102. 
M. Grassi.—Ausbruch des Aitna, 102. 

J. Cocchi.—Ksinokalk in der Maremma. Fossilien aus dem Arno- 
thale, 104. 

O. von Petrino.—Vorkommen des Phosphorits bei Uscic und Chu- 
dikovce am unteren Dniester, 104. 

K. Peters.—Verwandtschaft der Chelydropsis von Eibiswald mit 
Platychelys aus dem Jura, 105. 

M. Neumayr.—Ueber jungtertiiire Siisswasserablagerungen in Dal- 
matien und Croatien, 106. - 

H. Wolf.—Die Eisensteinvorkommen im siidwestlichen Theile von 
Mahren zwischen Briinn, Iglau, und Znaim, 106. 

F. von Richthofen.—Schichtgebirge am Yang-tse-kiang, 131. 
T. Oesterreicher.—Sondirungen im adriatischen Meere, 137. 
J. Noth.—Ueber eine beim Abbohren eines Naphtabrunnens in 

Bobrka aufgeschlossene Mineralquelle, 139. 
F. Posepny.—Anhydrit im Steinsalz yon Vizakna in Siebenbiirgen, 

— 140. 
H. Goppert.—Bemerkungen zu von Ettingshausen’s fossiler Flora 

des mahrisch-schlesischen Dachschiefers, 141. 
W. Hulesch.—Brunnenbohrung in Trautmannsdorf, 142. 
U. Schloenbach.—Vorlage der nach den Aufnahms-Arbeiten der 

- JV.Section im Sommer 1868 revidirten Detail-Karte des Boh- 
mischen Kreidegebietes, 145. 

K. von Hauer.—Die Trachyte von Tokaj, 144. 
M. Neumayr.—Ueber eine Hohle mit Resten yon Ursus speleus, im 

Kalke der hohen Tatra, 147. 
F. Foetterle—Vorlage der geologischen Detail-Karte der Umgebung 

von Torna und Szendré, 147. 
— von Hichwald.—Bemerkungen tuber Phosphatkugeln der Krei- 

deschichten Sud-Russlands, 156. 
N. Barbot de Marny.—Ueber die Lagerstatte der Phosphoritkugeln 

des Dnestrufers bei dem Dorfe Ladawa, 156. 
F. Kreutz.—Plutonische Gesteine in der Umgebung von Krzeszowic 

bei Krakau, 157. 
F, Karrer.—Foraminiferen im Hemalser Tegel von Fiinfhaus, 162. 
U. Schloenbach.—Ueber den Brachial-Apparat von Terebratula vul- 

garis, 164. 
F. von Hauer.—Kohlenvorkommen yon Berszaska. Fundstelle der 
Ammoniten yon Swinitza, 167. 

H. Wolf.—Die geologischen Verhaltnisse des Badeortes Hall, 169. 

Jahrbuch der k.-k. eeologischen Reichsanstalt. Band xix. 
No.1. January to March 1869. 

F. von Hauer.—Geologische Uebersichtskarte der osterr. Monarchie. 
Blatt I. & If. Bohemia, 1. 

K. Zittel— Bemerkungen tiber Phylloceras tatricum, Pusch, sp., und 
einige andere Phylloceras-Arten, 59 (1 plate). 

A. Alth.—Ueber Phosphatkugeln aus Kreide-Schichten in Russisch- 
Podolien, 69. 

A. von Kripp.—Chemische Untersuchungen des ost- und westgali- 
zischen Salzgebirges und der dort gewonnenen Hiittenproducte, 
sowie einiger ungarischer und siebenburgischer Steinsalzsorte, 
75. 
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Vienna. Jahrbuch der k.-k. geologischen Reichsanstalt. Band xix. 
No. 1 (continued). 

E. von Mojsisovics.—Ueber die Gliederung der oberen Triasbildungen 
der dstlichen Alpen, 91 (8 plates). 

Bericht tiber die im Sommer 1868 durch die IV. Section der 
k.-k. geologischen Reichsanstalt ausgefuhrte Untersuchung der 
alpinen Salzlagerstatten, 151. | 

C. W. Gimbel.—Ueber Foraminiferen-, Ostracoden-, und mikro- 
skopische Thier-Ueberreste in den St. Cassianer und Raibler 
Schichten, 175 (2 plates). 

Verhandlungen der k.-k. zoologisch-botanischen Gesellschaft 
in Wien. Band. xvii. 1868, 

Zoological Society. Proceedings. 1868. Part 3. 

II. PERIODICALS PURCHASED FOR THE LIBRARY. 

Annales des Sciences Naturelles. Zoologie et Paléontologie. 5° Série. 
Tome xi. Nos. 1 & 2. 1869. 

Annals and Magazine of Natural History. Fourth Series. Vol. iii. 
Nos. 16-18. April to June 1869. 

A. Milne-Edwards.—Zoological Discoveries recently made in Mada- 
gascar by M. Alfred Grandidier, 396. 

A. Pomel.—The Miocene Alcyonaria of Algeria, 398. 
T. P. Barkas.—On the Discovery of a Malar of a large Reptile in the 

Northumberland Coal-Measures, 419. 
O. C. Marsh.—New Reptilian Remains from the Cretaceous beds of 

Brazil, 442. Y 
H. Seeley.—On English Pterodactyles, 465. 

L’Institut. 17° Section. 37° Année. Nos. 1840-1847. 
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III. GEOLOGICAL AND MISCELLANEOUS BOOKS, 

Names of Donors in Italies. 

Ansted, D. T. The Earth’s History, or First Lessons in Geology. 
1869. | 

Barrande, Joachim. Réapparition du genre Arethusina (Barr.) et 
Faune Silurienne des environs de Hof, en Baviére. December 
1868. 

Beaumont, Elie de. Rapport sur les progrés de Stratigraphie. 1869. 
From the French Government. 

Bigsby, J. J. Thesaurus Siluricus. The Flora and Fauna of the 
Silurian Period. 1868. (2 copies.) 

Bolton, John. Geological Fragments, collected principally from 
Rambles among the Rocks of Furness and Cartmel. 1869. 

Brayley, E. W. On the Relations of the Luminous Prominences to 
the Facule of the Sun. 1869. 

Catalogue of the Library of the Chemical Society. 1869. From the 
Chemical Society. 

Cautley, Sir Proby T. Report on the Ganges Canal. 3 vols. and 
Atlas of Plates. Presented by W. TI. Thornton, Esq. 

Chemical Society. Report of Annual Meeting, March 30, 1869. 

Oredner, Hermann. Die Gliederung der eozoischen (vorsilurischen) 
_ Formationsgruppe Nord-Amerikas. 1869. (2 copies.) 

Croll, James. On the Influence of the Gulf-stream. 1869. 

Daubrée, M. Note sur le Kaolin de la Lizolle, et d’Echassiéres, et 
sur l’existence de minerai d’étain qui y a été exploité a une 
époque extrémement reculée. 1869. 

Delesse et de Lapparent, MM. Extraits de Géologie. 1869. 

Fairman, E. St. John. I Petrolii in Italia. Florence, 1869. 

Geological Survey of Sweden (Sveriges Geologiska Undersokning). 
“Sheets 26-30, with 5 Parts of descriptions. Presented by Prof. 
A. Erdmann. 

Geikie, A. Memoir of the late James David Forbes. 1869. 

Gibb, Sir Duncan. Discoveries in Science by the Medical Philoso- 
pher. 1869. 

Haidinger, W. von. Remarks on the Luminous, Thermal, and 
Acoustic Phenomena attending the fall of Meteorites.. 1869. 
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Heller, C. Die Zoophyten und Echinodermen des adriatischen 
Meeres. 1868. 

Henwood, W. J. Address delivered at the Spring Meeting of the 
Royal Institution of Cornwall, on the 18th May, 1869. 

Hopkinson, John. On British Graptolites. 1869. 

Huxley, T. H. An Introduction to the Classification of Animals. 
1869, 

Jaccard, Aug. Matériaux pour la Carte Géologique de la Suisse. 
Sixiéme Livraison. Jura Vaudois et Neuchatelois. 1869. rom 
Prof. B. Studer. 

Lartet, E., and H. Christy. Reliquize Aquitanice. Parts VIII. and 
IX. April and May 1869. rom the Executors of the late H. 
Christy, F.GS. 

Laube, G. C. Ueber Ammonites Aon Minster, und dessen Ver- 
wandte. 1869. 

Liste des Publications des Sociétés Savantes et des Gouvernements, 
ainsi que des Journaux scientifiques, qui se tiennent dans la Biblio- 
théque de la Société Hollandaise des Sciences de Haarlem. Ist 
January, 1869. From the Socety of Sciences of Haarlem. 

Logan, Sir W. HE. Geological Map of Canada. (8 Sheets.) 

Logi, T. On the Material Improvements of India. 1869. 

——. Roads, Railways, and Canals for India. 1869. 

Maack, G. A. Die bis jetzt bekannten fossilen Schildkroten, und 
die im oberen Jura bei Kelheim und Hannover neu aufgefundenen 
altesten Arten derselben. Cassel, 1869. 

Masters,M.T. Vegetable Teratology. 1869. From the Ray Society. 

Mojsisovics, E. von. Bericht tber die im Sommer 1868 durch die 
TV.Section der k.-k. geol. Reichsanstalt ausgefitihrte Mae 
der alpinen Salzlagerstiitten. 1869. 

——. Ueber die Gliederung der oberen PPaapiidieee der dstlichen 
Alpen. 1869. 

Murchison, Sr R. I. Address at the Anniversary Meeting of the 
~ Royal Geographical Society, 24th May, 1869. 

Neilrach, August. Die Vegetationsverhaltnisse von Croatien. 

Oldham, Thomas. Address delivered at the Annual General Meet-. 
ing of the Asiatic Society of Bengal, 20th January, 1869. 

Reports of the Engineer on the Boring Operations at the Crossness 
- Pumping Station, 1869. From the Metropolitan Board of Works. 
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Reports of the Mining Surveyors and Registrars of Victoria, to 31st 
December, 1868. From R. Brough Smyth, Esq., F.G.S. 

Studer, B. Orographie der Schweizeralpen. 1869. 

Trutat et Cartailhac, MM. Matériaux pour Vhistoire primitive et 
naturelle de ’Homme. 1869. 

War Office Library, Index. Presented by the Secretary at War. 

Winkler, T. C. Des Tortues Fossiles conservées dans le Musée 
Teyler et dans quelques autres Musées. 1869. From the Musée 
Teyler. 

Musée Teyler. Catalogue systématique de la Collection 
ao ee Premier Supplément. 1868. From the Musée 
Teyler. 

IV. BOOKS PURCHASED FOR THE LIBRARY. 

Bolsche, W. Die Korallen des Norddeutschen Jura- und Kreide- 
Gebirges. Berlin, 1867. 

Lethza Rossica, ou Paléontologie de la Russie, par E. Eichwald. 
Livr. XII., avec Atlas. 1869. 

Paléontologie Frangaise. Terrain Jurassique. Livraison 15. 1869. 

Quenstedt, F. A. Petrefactenkunde Deutschlands. I. Abth. Band 
Il. Heft 2, with Atlas. 1869. 

Schimper, W. P. Traité de Paléontologie Végétale. Vol. i. and 
Atlas of 50 plates. Paris, 1869. 
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ALPHABETICAL INDEX 

TO THE 

PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

[The fossils referred to are described, and those of which the names are printed 
in italics are also figured. ] 

Abooalagha, hill of, 36, 37. 
Abyssinia, Mr. Blanford on the geo- 

logy of a portion of, 401. 
Acrodont Saurian, new, from the 

lower chalk, 442. 
Acrodontosaurus Gardneri, 444. 
Adams, Mr. F. O., on the coal-mines 

at Kaianoma, in the island of Yezo, 
254. 

Aden series of volcanic rocks in Abys- 
sinia, 405. 

Africa, North, Cretaceous strata of, 
237. 

, South-eastern, auriferous rocks 
of, 169. 

Ain Mousa, 18, 19, 20. 
Aire, gravels of the valley of the, 62, 

66; maps of part of the river, 61, 
62. 

Algeria, Cretaceous beds of, 243. 
Alluvial deposits in Abyssinia, 405. 

of the Hwangho and Yangtse,134, 
136. 

- gold in the Caratal district, 339. 
Alluvium of Wady Ghenneh, 35; of 
Wady Ferran, &c., 35. 

Amara, Wady, 20, 21. 
Amber, in the Cretaceous beds of Pro- 

vence, 248; source of, 3. 
Amphidetus (Echinocardium) virgi- 

nianus, Dr. P. Martin Duncan on 
the anatomy of the test of, 16. 

Angouléme, section through, 240. 
Angoumian stage, 239, 241, 244, 246. 
Anhwei, yellow clays of, 135. 
Anhydrite at Kissingen, 5. 
Ankowan, section through, 121. 
Anniversary Address of the President, 

xxvili-liii. See also Huxley, Prof. 
ips 

Annual Report, i. 
VOL. XXV. 

Anticlinal, carboniferous, in North 
Wales, 180. 

Anticlinal axis of the valley of the 
. Dane, 178. 
Antimonite of Hastings county, Ca- 

nada West, 271. 
Antrim, plant-remains from beds in- 

terstratified with the Basalt in the 
county of, 357. 

Aptian stage, 246; carbonaceous de- 
posits in the, 243. 

Arabia, Nummulitic rocks from, Pro- 
fessor T. Rupert Jones on some 
specimens of, 38. 

Arabia Petra, note on a geological 
reconnaissance made in, in the spring 
of 1868, by Mr. H. Bauerman, 17. 

Ashangi, Lake, 405. 
traps, 404. 

Ashfield, section through, 62. 
Atal, Wady, 24, 25. 
Auriferous rocks of South-eastern 

Africa, Dr. Sutherland on the, 169. 
Auriferous series of Guyana, age of, 

the, 348. 
Australia, Cape-York Peninsula, geo- 

logy of the, 297. 
, formation of the Barrier Keef of, 

303. 
Award of the balance of the proceeds 

of the Wollaston Donation-fund, 
xxviii; of the Wollaston Medal, 
XXVil. 

Axe, river, section through, 155. 
Baba, Wady, 25, 26, 28. 
Babbacombe Bay, section along the 

South Devon cliffs from, to Dow- 
lands Landslip, 155. 

Bacon Hole, Lower gravel at, 74. 
Baily, Mr. W. H., on plant-remains 

from beds interstratified with the 
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Basalt in the county of Antrim, 
162, 357; on Graptolites and allied 
fossils occurring in Ireland, 158. 

Bardsea and Baycliff, Lower Boulder- 
clay between, 420. 

Barn Hill, 21. 
Barrier Reef, Australian, formation of 

the, 303. 
Basalt, plant-remains from beds inter- 

stratified with the, in the county of 
Antrim, 357. 

Basalt dykes of the mainland of India, 
opposite to the islands of Bombay 
and Salsette, 163. 

Bauerman, Mr. H., note on a geolo- 
logical reconnaissance made inArabia 
Petrea in the spring of 1868, 17. 

Bauerman, Mr. H., and Foster, Dr. 
C. Le Neve, on the occurrence of 
Celestine in the Nummulitic Lime- 
stone of Egypt, 40. 

Baycliff and Bardsea, Lower Boulder- 
clay between, 420. 

Bedding of the granite on the eastern 
side of Dartmoor, some of the re- 
sults of the, 273. 

Beer Head, section through, 155. 
Beetles, fossil, from Antrim, 359. 
Belstone ‘Tors, 276, 277. 
Belstone, rocking-stones at, 279. 
Beor, Mr. E. J., on the lignite mines 

of Podernuovo, near Volterra, 260. 
Bequia, floods in the island of, Mr. G. 

M. Browne on, 12. 

Bingley, course of the Aire from, to 
Castleford, 61; to Shipley, 62. 

Bird’s-eye limestone, 264. 
Birket el Faraoun, 23. 
Birkrigg Moor, rockwork of, 419. 
Bismuthie gold, 335. 
Blackcombe, drifts of, 427. 
Blackpool, coast-section of drifts at, 

407 ; origin of the drifts of, 414. 
Black-river Limestone, 264. 
Blanford, Mr. W. T., on the geology 

of a portion of Abyssinia, 401. 
Bolivar, section from, to San Isidore, 

347. 
Bombay, remarks on the Basalt dykes 

of the mainland of India opposite to, 
163. 

Bone-caves, characters of, 75. 
Bos Urus, bones of, at Thetford, 452. 
Boulder-clay, Lower, bet ween Bardsea 

and Baycliff, 420; near Blackpool, 
411. 

Boulder-clay, Upper, 424; at Barrow, 
425; at Blackpool, 409. 

Boulder-clay in the county of Hast- 
ings, Canada West, 263. 

Boulders in the county of Hastings, 
263. 

Boulders, Limestone, of the Lancaster 
drifts, 416; surface, in the Furness 
peninsula, 426. 

Bowerman’s Nose, 277. 
Bradford, Prof. Huxley on a new La- 

byrinthodont from, 309. 
Brandon, flint implements at, 449, 

458. 
Branscombe Mouth, section through, 

155. 
Breccia of Teignmouth, age of the, 

156. 
Brendon Hills, on a peculiarity of the 

spathose-iron-ore veins of the, 255. 
Breynia, Dr. P. Martin Duncan on 

the genus, 16. 
Brick-earths, Lower, of the Thames 

valley, age of the, 212. 
Brighton, sections at and near, 79, 

80. 
Brimham rocks, 294. 
Bristow, Mr. H. W., and Whitaker, 

Mr. W., on the formation of the 
Chesil Bank, Dorset (title only),305. 

Brodie, Rev. P. B., on the occurrence 
of remains of Eurypterus and Pte- 
rygotus in the Upper Silurian rocks, 
in Herefordshire, 235. 

Broomhill, flint implements at, 449, 
458. 

Browne, Mr. G. M., on floods in the 
island of Bequia, 12. 

Budleigh-Salterton, discovery of Hy- 
perodapedon near, 152, 156. 

Budleigh, section through, 155. 
Bukel el Faroun, 23. 
Bunter sandstone at Kissingen, 5. 
Bure, roads of the valley of the, 258. 
Buttermere and Ennerdale, Syenitic 

porphyry between, 437. 
Buxton, apparent lithodomous perfo- 

rations near, 281. 
Calciferous sand-rock, 265. 
Cambay, Gulf of, geology of the 

country surrounding the, 441. 
Campanian stage, 239, 242, 244, 246. 
Canada, graphite of the Laurentian 

of, 406. 
Canada West, geology and mineralogy 

of the county of Hastings in, 261. 
Candelaria, section through, 347. 
Cape-York Peninsula, Australia, geo- 

logical map of the, 299; geology of 
the, 297. 

Callao lode in the Caratal goldfield, 337. 
Carabide, 360. 
Caratal gold-field, Dr. Foster on the, 

336; Mr. R. Tate on the, 345. 
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rien section from Las Tablas to, 
347. 

Carboniferous anticlinal 
Wales, 180. 

Carbonaceous deposits in cretaceous 
rocks, 242, 243. 

Carboniferous rocks, Lower, the evi- 
dence of a ridge of, crossing the 
plain of Cheshire beneath the ‘Trias, 
171, 178; supposed structure of 
the, under the Cheshire plain, 180. 

Carentonian stage, 239, 241, 244, 
246. 

Carnforth and Lancaster, drifts be- 
tween, 415. 

Carrickfergus, flint flakes from, 48. 
a. Hill, decaying granite of, 

275. 
Carrock Fell, felstone-porphyry of, 

438. 
Carruthers, Mr. W., on the structure 

and affinities of Sigillaria and allied 
genera, 248. 

Carstone, 188; fossils of the, 189. 
Cascajo, 339, 340. 
4 cutting, decay of granite near, 

278. 
Castleford, course of the Aire to, from 

Bingley, 61. 
Caves, table of Mammalia from, 195. 
Cayton-gill beds, 294. 
Celestine, on the occurrence of, in the 

Nummulitic Limestone of Egypt,40. 
Cerro de Sal, 256. 
Chagford, spheroidal masses of granite 

near, 278 
Chalk, Lower, new Acrodont Saurian 

from the, 442. 
Chalk, Red, of Hunstanton, 185; and 

gault, comparison of composition of, 
190. 

Chaly, Wady, 26. 
Chamilé, Wady, 31, 32. 
Charente, Cretaceous rocks of the, 

239; section of the Cretaceous beds 
of the, 240. 

Cheesering, 279. 
Chehkiang, Tungting series in, 181. 
Cheshire, on the evidences of a ridge 

of Lower Carboniferous rocks cross- 
ing the plain of, beneath the Trias, 
171, 178; section through the cen- 
tral plain of, 181. 

Chile lodes in the Caratal gold-fields, 
338. 

China, notes on the geology of, with 
more especial reference to the pro- 
vinces of the Lower Yangtse, 119 ; 
superficial deposits of, 134. 

Chinese cosmogony, 134. 

in North 

Chung-shan, iron-ore in the, 127 ; sec- 
tion of, near Nanking, 130. 

Chung-shan series, 129. 
Cinn-preas Burn, occurrence of gold 

in, 322. 
Clacton, age of the deposit at, 212. 
Clare, Graptolites occurring in, 160. 
Clark, Mr. G. T., on the basalt-dykes 

of the mainland of India opposite to 
the islands of Bombay and Salsette, 
163. 

Climate, glacial, Mr. Murphy on the 
nature and cause of the, 350; post- 
glacial, 214. 

Coal-beds at Pah-hwei-miau, section 
of, 124. 

Coal-mines of Kaianoma, in the island 
of Yezo, 254. 

Coal of the Tungting series, 126; of 
the Chung-shan series, 130. 

Cognac, section through, 240. 
Combe rock at Brighton, 79. 
Concan, basalt dykes of the, 164. 
Congleton, section across the anticlinal 

of the river Dane near, 178. 
Coniacian stage, 239, 241, 246. 
Conocoryphe bufo, 52. 

applanata, 53. | 
? humerosa, 54. 

Consumption death-rate, connexion 
of the geological structure and phy- 
sical features of the south-east of 
of England with the, 431. 

Contorted sand and gravel near Ulver- 
stone, 421; in the Furness penin- 
sula, 422. 

Copper-ores of Hastings county, Ca- 
nada West, 271. 

Copper works at Nasb, 29. 
Coquand, M. H., the Cretaceous strata 

of England and the north of France 
compared with those of the west, 
south-west, and south of France 
and north of Africa, 237. 
ee lode in the Caratal gold-field, 

337. 
Cottingley Beck, section at, 65. 
Crask Bridge, granite and trap in 

mica-schist above, 320. 
Crayford, lower brick-earth, at, 212. 
Crayford pit, sections in, 90, 91, 92, 

93, 94. 
Cretaceous rocks of Arabia Petrza, 

36 ; of Sinai, fossils from the, 44. 
Cretaceous strata of England and the 

north of France compared with those 
of the west, south-west, and south 
of France and north of Africa, 237. 

Crystals, pseudomorphous, of chloride 
of sodium in the ‘ Waterstone 
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Beds” of the Keuper in the coun- 
ties of Somerset and Devon, 50. 

Cumberland, Mr. Mackintosh on the 
drifts of part of, 407. 

Cupressites MacHenrii, 359, 361. 
Dakosawus from the Kimmeridge 

clay of Shotover Hill, Mr. J. Wood 
Mason on, 15, 218. 

Dakosaurus, identity of, with Steneo- 
saurus, 397, 399. 

Dane, river, section across the anti- 
clinal of the valley of the, 178. 

Dartmoor, results of the bedding, 
joints, and spheroidal structure of 
the granite of the eastern side of, 273. 

Davidson, Mr. T., note on Terebratula 
diphya and its allies, 306. 

Dawkins, Mr. W. Boyd, on the distri- 
bution of British Postglacial Mam- 
mals, 192. 

Dawlish, section through, 155. 
Dawson, Prof. J. W., on the graphite 

of the Laurentian of Canada, 406. 
Deer, remains of, at Shrub Hill, 452. 
Dehemi, Peak of, 32. 
Deltaofthe Hwangho and Yangtse,136. 
Deltas, formation of, Mr. A. Tylor on 

the, 7 
Denudation, aqueous, of the Tungting 

limestones, 122; in Abyssinia, 405; 
Mr. Mackintosh on, 417. 

Devon, on pseudomorphous crystals 
of chloride of sodium in the “ Wa- 
terstone Beds” of the Keuper in, 
50; on the succession of beds in 
the “ New Red” on the south coast 
of, 152. 

Dicotyledonous plants from Antrim, 
309. 

Dicynodon strata, 169. 
Djebel Osmer, section through, 245. 
Donations to the Library, viii, 101, 

221, 363, 461. 
Dordonian stage, 239, 242, 244, 246. 
Dorset, large Saurian humerus from 

the Kimmeridge clay of the coast of, 
386. 

Downlands Landslip, section along 
the South-Devon cliffs from, to 
Babbacombe Bay, 155. 

Drewsteignton Logan, 279. 
Drift, granitic, direction and derivation 

of the flow of, in North-west Lan- 
cashire, 429. 

Drift of the county of Hastings, Ca- 
naca West, 263. 

Drifts of North-west Lancashire and 
part of Cumberland, Mr. Mackin- 
tosh on the, 407; between Lancas- 
ter and Carnforth, 415. 

Duncan, Dr. P. Martin, on the anato- 
my of the test of Amphidetus (Hchi- 
nocardium) virginianus, Forbes, and 
on the genus Breynia, 16; on the 
Echinodermata, bivalve mollusca, 
and some other fossil species from 
the Cretaceous rocks of Sinai, 44. 

Dunnerholme, drift-capping of, 425. 
Du Noyer, Mr. G. V., on flint flakes 

from Carrickfergus and Larne, 48. 
Durham, Permian beds of, 176. 
Hagberg Rockery, 411. 
East Mill Tor, 276. 
Echinodermata from the Cretaceous 

rocks of Sinai, 44. 
Egerton, Sir P. Grey, on two new 

species of Gyrodus, 379. 
Egypt, Nummulitic rocks from, Prof. 

T. Rupert Jones on some speci- 
mens of, 38. 

, nummulitic limestone of, on the 
occurrence of Celestine in, 40. 

Elephas primigenius, teeth of, at Thet- 
ford, 452. 

El Lageam, 24. 
Endogenous plants from Antrim, 359. 
* Hnd-slant,” 256. 
England, Cretaceous strata of, 237. 

, fossil myriopods of the Coal- 
formations of, 441. 

, south-east of, connexion of the 
geological structure and physical 

_ features of the, with the consump- 
tion death-rate, 431. 

Ennerdale and Buttermere, Syenitic 
porphyry between, 437. 

Eozoonal rock, Prof. W. King and 
Dr. T. H. Rowney on the so-called, 
115. 

Erith pit, sections in, 86, 87, 88. 
Erith, section of the Cyrena-pit at, 85. 
Escarpments, drift, origin of, 418. 
Eurypterus, occurrence of,in the Upper 

Silurian rocks i in Herefordshire, 235. 
Exmouth, section through, 155. 
Fagus, 359. 
Fuhkien, porphyry in, 124. 
Felstone of Venezuelan Guyana, 340. 
Felstone-porphyry of Carrock Fell, 

438. 
Feltwell, flint implements at, 451. 
Ferran, Wady, 24, 36, 37, 44. 
Flemingites, 253. 
Flint flakes from Carrickfergus and 

Larne, Mr. G. V. Du Noyer on, 48. 
Flint implements, distribution of, in 

the drift, 272, 449. 
Flitcham, gault at, 190. 
Floods in the Island of Bequia, Mr. 

G. M. Browne on, 12. 
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Flower, Mr. J. W., on the distribu- 
tion of flint implements in the drift, 
with reference to some recent dis- 
eoveries in Norfolk and Suffolk, 
272, 449. j 

Fossils, land and freshwater Mol- 
lusca, from gravels, table of, 99. 

Fossils from the Menevian group, 51; 
. from the Red Chalk, 187; from 

the Carstone, 189; from the Upper 
Tungting grits, 121; of the Cre- 
taceous beds of Algeria, 244; from 

_ the Cretaceous rocks of Sinai, 44; 
of the Tungting Limestones, 126. 

Foster, Dr. C. Le Neve, on the Ca- 
ratal gold-field, 336. 

Foster, Dr. C. Le Neve, and Mr. H. 
Bauermann, on the occurrence of 
Celestine in the Nummulitic Lime- 
stone of Egypt, 40. 

France, Cretaceous strata of, 237. 
Freshwater Gate, Isle of Wight, sec- 

tion of cliff east of, 82. 
Furlong, spheroidal masses of granite 

at, 278. 
Furness, map of drifts of the penin- 

sula of, 409. 
Fur Tor, 276. 
Fuveau, section of the freshwater 

Upper Cretaceous beds of, 242. 
Gabbro, 337. 
Galena, associated with gold in the 

. “Nuggetty Reef,” 335; occurrence 
of, in Hasting’s County, Canada 
West, 271. 

Gardonian stage, 239, 241, 246. 
Gault and Red Chalk, comparison of 

composition of, 199. 
Gault in Provence, 241, 244, 246. 
Gavial-like Saurian from Kimme- 

ridge Bay, Mr. J. W. Hulke on 
a, 390. 

Geological structure of North-western 
Siberia and Russia in Europe, com- 
parison of the, 1. 

Geology of a portion of Abyssinia, 
Mr. Blanford on the, 401 ; of China, 
M. T. W. Kingsmill on the, 119; 
of Guyana, in Venezuela, 343, 350 ; 
of the Cape-York peninsula, Au- 
stralia, 297; of the country sur- 
rounding the Gulf of Cambay, 441 ; 
of the county of Hastings, Canada 
West, 261; of Venezuela, 336. 

Geosaurus maximus, 399. 
Gharabi, 39, 31, 36, 37. 
Gharandel, Wady, 21, 22, 23, 25, 30, 

36, 38. 
Ghauts, Wstern, basaltic dykes of 

the, 164. 

Ghenneh, Wady, 32, 35, 36. 
Gigantosaurus megalonyx, 389. 
Glacial climate, Mr. Murphy on the 

nature and cause of the, 350. 
Glacial period, changes in the sea- 

level during the, Mr. A. Tylor 
on, 7. 

Glaciation in the county of Hastings, 
Canada West, 263; near Ulver- 
stone, 4.20. 

Glacier of the second order, existence 
of a, during the Quaternary period 
in the “cirque” of the valley of 
Palhéres, 46. 

Glamorganshire gravels, 66-74. 
Glen Loth, geological structure of, 

321. 
Glen Roy, Prof. James Nicol on the 

origin of the parallel roads of, 282. 
Gneiss of Venezuelan Guyana, 346. 
Gneiss, granitiform rock in decom- 

posed, in Suisgill, 319. 
Gold, occurrence of, in Hastings 

county, Canada West, 266; bis- 
muthic, 335. 

Gold-field, Caratal, Dr. Foster on the, 
336; Mr. R. Tate on the, 345. 

Gold-field of Sutherland, 314. 
Granite, in mica-schist at Kil-Donnan 

Lodge, 319, 320; of the eastern 
side of Dartmoor, results of the 
bedding, joints, and spheroidal struc- 
ture of the, 273; of the Mount- 
Tarrangower gold-field, 328. 

Granites of Kwantung and Kiangsi, 
125. 

Granite-veins in the “ Nuggetty Reef,” 
328. 

Granitic drift, direction and deriva- 
tion of the flow of, in North-west 
Lancashire, 429. 

Granitiform rock in decomposed gneiss 
in Suisgill, 319. 

Grantham, Mr. R. B., on the Broads 
of Kast Norfolk, their origin, posi- 
tion, and formation in the valleys 
of the rivers Bure, Yare, and Wa- 
veney, 258. 

Graphite of the Laurentian of Ca- 
nada, 406. : 

Graptolites and allied fossils occur- 
ring in Ireland, 158. 

Gravel Hill, Brandon, flint implements 
at, 449, 458; plan of, 450. 

Gravels, fossiliferous, land and fresh- 
water Mollusca from, 99; quater- 

_ nary, Mr. A. Tylor on, 57. 
Grays, sections at, 83, 96. 
Grays Thurrock, Lower Brick-earth 

at, 212. 
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Great Urswick, apparent Lithodomous 
perforations near, 280. 

Greda, 337, 340, 341. 
Greensand, Upper, at Hunstanton, 

eek. 
Guasipati, section through, 347. 
Guyana, in Venezuela, Mr. R. Tate on 

the geology of, 343, 358. 
Gyrodus, Sir P. Grey Egerton, on 

two new species of, 379. 
Gyrodus Gower, 381. 

coccoderma, 383. 
Hematite in the Tungting series, 

127; of Hastings county, Canada 
West, 270. 

Hammam Faraoun, 24. 
Hampsfell, apparent Lithodomous per- 

forations on the east side of, 280; 
rock-work of, 419. _ 

Harmer, Mr. F. W., and Mr. Searles 
V. Wood, jun., on a peculiar in- 
stance of intraglacial erosion near 
Norwich, 259, 445. 

Hastings, county of, Canada West, 
geology and mineralogy of the, 261. 

Hauwaistream (N.Z.), section through, 
14. 

Hawaii, voleanic phenomena of, 432. 
Herefordshire, occurrence of remains 

of Eurypterus and Pterygotus in 
the Upper Silurian rocks in, 235. 

Hey Tor, 275, 276. 
Hicks, Mr. H.,and Mr. J. W. Salter, 

on some fossils from the ‘ Mene- 
vian Group,” 51. 

High Peak, South Devon, view of, 
153; section through, 155. 

High Willhayse, 276. 
Higher Belstone Tor, 274. 
Hippopotamus, remains of, at Leeds, 

64. 
Hippurite limestone in Sinai, 45. 
Hirwain Common, section of surface 

of Lower Carboniferous series at, 
73; section of Coal-seams squeezed 
into drifts on, 74. 

Holbeck, section at, 65. 
Honey-bag Tor, 277. 
Hornblendes of Venezuelan Guyana, 

346. 
** Hornkalk” at Kissingen, 5. 
Horse, remains of, at Shrub Hill, 452. 
Hound Tor, 274, 276, 277. 
Hulke, Mr. J. W., on a large Saurian 

humerus from the Kimmeridge Clay 
of the Dorset coast, 386 ; on some 
fossil remains of a gavial-like Sau- 
rian from Kimmeridge Bay, esta- 
blishing its identity with Cuvier’s 
Deuxiéme Gavial d Honfleur, Téte 

a2 museau plus court, and with 
Quenstedt’s Dakosaurus, 390. 

Hull, Mr. E., on the evidences of 
a ridge of Lower Carboniferous 
rocks crossing the plain of Cheshire 
beneath the Trias, and forming 
the boundary between the Permian 
rocks of the Lancashire type on 
the north, and those of the Salopian 
type on the south, 171. 

Hunan, Coal-field of 182. 
Hunstanton Cliff, section of, 185. 
Hunstanton, on the Red Chalk of, 185. 
Husseid, Wady, 23, 36. 
Hutton, Capt. F. W., description of 

Nga Tutura, an extinct volcano in 
New Zealand, 18. 

Huxley, Prof. T. H. (President), Ad- 
dress on handing to Mr. H. C. 
Sorby the Wollaston Medal, xxvii ; 
address on handing to Mr. W. Car- 
ruthers the balance of the Wollas- 
ton Donation Fund, xxviii; An- 
niversary Address, February 19, 
1869, xxvii; Obituary Notices of 
Deceased Fellows:—the Rev. 8. 
W. King, xxix; M. J. Boucher de 
Crévecceur de Perthes, xxx; M. A. 
Morlot, xxxi; Prof. J. D. Forbes, 
xxx; Sir David Brewster, xxxv; 
Dr. Eugéne Francfort, xxxvi; Dr. 
H. Porter, xxxvi; the Rev. J. G. 
Cumming, xxxvii; Review of thepre- 
sent state of geological speculation, 
XXXVlil. 

Huxley, Prof. T. H., on Hyperoda- 
pedon, 1388; on the upper jaw of 
Megalosaurus, 311; on a new La- 
byrinthodont from Bradford, 309. 

Hyperodapedon, on the locality of a 
new specimen of, 152. 

Hyperodapedon, left palato-maxillary 
of, 145. 

Hyperodapedon, Prof. T. H. Huxley 
on, 138. 

Hwangho, alluvial deposits of the, 
134, 136. 

Heese coal-beds of the, 127. 
Igneous rocks, intrusive, of the lake- 

district, Dr. Nicholson on some of 
the, 435. 

Tguanodon Mantelli, supposed skull 
of a young, 313. 

Ilford, Lower Brick-earths at, 212. 
Implements, flint, distribution of, in 

the drifts, 272, 449. 
India, basalt dykes of the mainland 

of, opposite to the islands of Bom- 
bay and Salsette, 163. 

Insects, fossil, from Antrim, 359, 
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Intraglacial erosion, peculiar instance 
of, near Norwich, 259, 445. 

Intrusive igneous rocks of the lake- 
district, Dr. Nicholson on some of 
the, 435. 

Intrusive rocks of Guyana, 348. 
Ireland, postglacial mammals of, 207. 
Treleth, section of drifts obtained by 

boring at, 425. 
Tron of the Tungting series, 127. 
Tron-ores, occurrence of, in Hastings 

county, Canada West, 26). 
Iron-ore veins, spathose, of the Bren- 

don Hills, on a peculiarity of the, 255. 
Isle of Wight, section near Knighton 

mill, 97 ; section on Brading Down, 
98; section of cliff at Freshwater 
Gate in, 82. 

Itacama mountains, section through 
the, 347. 

Jebel el Tih, 25, 26. 
Jebel Sudder, 21. 
Jet in the Cretaceous beds of Pro- 

vence, 243. 
Joass, Rev. J. M., on the Sutherland 

gold-field, 314. 
Joints of the granite on the eastern 

side of Dartmoor, some of the re- 
sults of the, 273. 

Jones, Prof. T. Rupert, on some spe- 
cimens of Nummulitic rocks from 
Arabia and Egypt, 38. 

Judd, Mr. J. W., on the origin of 
the Northampton sand (Title only), 
235. 

Kaianoma, Coal-mines at, in the Island 
of Yezo, 254. 

Kawa (N. Z.), section through, 14. 
Kerridge, section through, 178. 
Kestor, 274, 276. 
Keuper, on the “ Waterstone Beds” 

of the, containing pseudomorphous 
erystals of chloride of sodium, 
in the counties of Somerset and 
Devon, 50. 

Khalig, Wady, 28. 
Kiangsi, Coal-mines of, 132; gra- 

nites of, 125; section of the Sui- 
chang Hills in, 121. 

Kiangsu, section of the Kiukiang dis- 
trict in, 122 ; superficial deposits of, 
135. 

Kil-Donnan, section of alluvial depo- 
sits in, 324. * 

Kil-Donnan Burn, gold-washings in, 
323. 

Kil-Donnan Lodge, section showing 
granite in mica-schist at, 319, 320. 

Kimmeridge Bay, Mr. Hulke on a 
Gavial-like Saurian from, 390. 

Kimmeridge Clay, large Saurian hu- 
merus from the, 386; of Shotover 
Hill, Dakosaurus from, Mr. J. 
Wood Mason on, 15, 218. 

King, Prof. W.,and Dr. J. H. Rowney, 
on the so-called ‘‘ Eozoonal”’ rock, 
115. 

Kingsmill, Mr. T. W., on the geology 
of China, with more especial re- 
ference to the provinces of the Lower 
Yangtse, 119. 

Kintse-schan Pass, 121. 
Kissingen, section of a well at, 4. 
Kiukiang district, section of the, 122. 
Kiukiang, laterite of, 135. 
Knaresborough, beds of supposed Roth- 

liengende age near, 291. 
Knighton Mill, Isle of Wight, section 

near, 97. 
Kwantung, granites of, 125 ; porphyry 

in, 128. 
La Bédoule, section through, 240. 
Labyrinthodont, Prof. Huxley on a 

new, from Bradford, 309. 
Lacustrine Cretaceous beds of Pro- 

vence, 242. 
Lake-basins, origin of, in drifts, 417. 
Lake-district, Dr. Nicholson on some 

of the intrusive igneous rocks ot 
the, 435 ; map of the north-western 
portion of the, 435. 

Lakenheath, flint implements at, 450, 
458. 

Lancashire, North-west, apparent Li- 
thodomous perforations in, 280. 

Lancashire, North-west, Mr. Mackin- 
tosh on, 407. 

Lancashire type, Permian beds of the, 
distribution of, 175; mineral cha- 
racters of, 175. 

Lancaster and Carnforth, drifts be- 
tween, 415. 

Langstone Point, section through, 155. 
Larne, Flint Flakes from, 48. 
Las Tablas, section from, to Caratal, 

347. 
Laterite of Kiukiang, 135. 
Laurentian limestones of Canada, gra- 

phite in the, 406. 
Laurentian rocks of the county of 

Hastings, Canada West, 265. 
Le Beausset, section from, to Mar- 

seilles, 240. 
Lechian, Wady, 30. 
Leeds, beds underlying the Magnesian 

Limestone from the east of, north- 
wards, 292. 

Leeds, remains of Hippopotamus at, 
64. 

Leigh Bridge, granite masses at, 279. 
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Leign Tor, 274, © 
‘Lepidostrobus, 253. 
Ligerian stage, 239, 246. 
Lignites, cretaceous, of Provence, 242. 
Lignite Mines of Podernuovo, near 

Volterra, 260. 
Limerick, Graptolites occurring near, 

160. 
Limestone, white, of ArabiaPetreea, 36. 
Limonite, accuwulations of, in Guy- 

ana, 349. 
Lithodomous perforations, apparent, 

in North-west Lancashire, 280. 
Littoral deposits of Great Britain, 

Mr. A. Tylor on the, 7. 
Llanos of Guyana, detrital deposits of 

the, 348. 
Lodes in the Caratal Gold-field, 337. 
Logan stones, 279. 
London Basin, quaternary strata of 

the, 60. 
Lozére, on the existence during the 

Quaternary period of a glacier occu- 
pying the “ cirque”’ of the valley of 
Palhéres, in the western part of the, 
46. 

Lui-shan, hematite near, 127. 
Lungtan-chén, coal and iron near, 127. 
Lu-shan, section through, 122. 
Lustleigh Cleave, Logan in, 279. 
Lustleigh Station, granite near,275,278. 
Mackintosh, Mr. D., on apparent Li- 

thodomous perforations in North- 
west Lancashire, 280; on the cor- 
relation, nature, and origin of the 
drifts of North-west Lancashire and 
a part of Cumberland, with remarks 

- on denudation, 407. 
Macrochelys, 389. 
Magdala traps, 404. 
Maghara, Wady, 26, 32, 33. 
Makeo (N. Z.), section through, 14. 
Maldonite, 335. 
Malseje Ghaut, basalt dykes of the, 

164, 168. 
Mammals, British Postglacial, on the 

distribution of the, 192. 
Manganese-bed of Nasb, 27. 
Map, Geological, of the Cape-York 

peninsula, Australia, 299 ; of drifts 
in parts of Lancashire and Cum- 
berland, 408; of drifts of the pe- 
ninsula of Furness, 409 ; of part of 
Lancashire, Cheshire, and Shrop- 
shire, 183; of the North-western 
portion of the Lake-district, 435. 

Maps of part of the river Aire, York- 
shire, 61, 62; of part of the river 
Taff, 67. 

Marcha, plain of the, 24, 25, 37. 

Marotapu (N. Z.), section through, 14. 
Marseilles, section from, to Le Beaus- 

set, 240. 
Martins, M. Charles, on the existence 

during the Quaternary period of a 
glacier of the second order occupy- 
ing the “cirque” of the valley of 
Palhéres, in the western part of the 
granitic “‘ Massif” of the Lozére, 46. 

Mason, Mr. J. Wood, on a new Acro- 
dont Saurian from the Lower Chalk, 
442, ; on Dakosaurus from the Kim- 
meridge Clay of Shotover Hill, 15, 
218. 

Megalosaurus, upper jaw of, 311. 
Metamorphic series of Venezuelan 

Guyana, 344. 
Metriorhynchus, 397. 
Menevian group, fossils from the, 51. 
Miall, Mr. L. C., on the locality of 

Pholiderpeton, 310. 
Mica-schist, granite in, at Kil-Donnan 

Lodge, 319, 320. 
Middleton, 276. 
Mill Hill, eranite of, 275. 
Minerals associated with gold in the 

Nuggetty Reef, 334. 
Mineralogy of the county of Hastings, 

Canada West, 261. 
Mines, old, at Nasb, 28. 
Mississippi, delta of the, 7. 
Mistor, Great, 276. 
Moco de hierro, 340, 342. 
Mokiuttub, Wady, 32, 36. 
Mollusca, bivalve, from the Cretaceous 

rocks of Sinai, 44; Land and Fresh- 
water, of fossiliferous gravels, table 
of, 99. 

Morgans, Mr. M., on a peculiarity of 
the Brendon Hills spathese-iron- 
ore veins, 255. 

Mornasian stage, 241, 244, 246. 
‘Moses’s Wells, 18, 19, 20, 21. 
Mount-Tarrangower gold-field, 326. 
Murchison, Sir R. I., on the Suther- 

land gold-field, 314; note comparing 
the geological structure of North- 
western Siberia with that of Russia 
in Europe, 1. 

Murphy, Mr. J. J., on the nature and 
cause of the Glacial climate, 350. 

Musk-Ox found near Salisbury, 78. 
-Myriopods, fossil, of the Coal-forma- 

tions of Nova Scotia and England, 
441, 

Nagb el Bedra, 27, 36, 44. 
Nanking district, section of Coal-beds 

at Pah-hwei-miau in the, 124. 
Nanking, section of Chung-shan near, 

130. 
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Nasb, Wady, 26, 27, 28, 29, 30. 
Natal, auriferous rocks of, 169. 
New Zealand, description of Nga Tu- 

tura, an extinct volcano in, by Capt. 
F. W. Hutton, 13. 

** New Red,” on the succession of beds 
in the, on the south coast of Devon, 
152. 

Nga Tutura, an extinct volcano in 
New Zealand, description of, by 
Capt. F. W. Hutton, 18. 

Nicholson, Dr. H. A., on certain of the 
intrusive igneous rocks of the Lake- 
district, 435; on the British spe- 
cies of the genera Climacograpsus, 
Diplograpsus, Dicranograpsus, and 
Didymograpsus (Title only), 254. 

Nicol, Prof. James, on the origin of 
the parallel roads of Glen Roy, 282. 

Nisnee cha Dara, 166. 
Norfolk, East, broads of, 258. 
Norfolk, flmt implements in the drift 

of, 272, 449. 
Northampton Sand, Mr. J. W. Judd, 

on the origin of the (Title only), 
235. 

Norwich, peculiar instance of intra- 
glacial erosion near, 259, 445. 

Nottinghamshire, Permian beds of, 
176. 

Nova Scotia, fossil myriopods of the 
Coal-formations of, 441, 

Nueva Providencia, section through, 
347. 

“Nuggetty Reef,” 326. 
Nummulitic Limestone of Egypt, 

occurrence of Celestine in the, 40. 
Nummulitic rocks from Arabia and 

Egypt, Prof. T. Rupert Jones on 
some specimens of, 38. 

Nutcracker, 279. 
Omongraf, Wady, 32. 
Om Riglaine, peak of, 30. 
Opuheke (N. Z.), section through, 14. 
Orinoco, section from, at Las Tablas, 

to Caratal, 347. 
Ormerod, Mr. G. W., on some of the 

results arising from the bedding, 
joints, and spheroidalstructure of the 
granite on the eastern side of Dart- 
moor, Devonshire, 273; on the 
*« Waterstone beds” of the Keuper, 
containing pseudomorphous crystals 
of chloride of sodium, in the eoun- 
ties of Somerset and Devon, 50. 

Otehe Point (N. Z.), section from, to 
the Waikato River, 14. 

Otter, river, section through the, 155. 
Pah-hwei-miau, Coal-beds near, 124, 

127, 130. 

Palhéres, on the existence during the 
Quaternary period of a glacier of 
the second order, occupying the 
“cirque” of the valley of, 46. 

Paokiang-yan, iron-ore near, 127. 
Paradoxides Aurora, 54. 

Hicksti, 55. 
Parallel Roads of Glen Roy, origin of 

the, 282. 
Permian rocks, of the Lancashire and 

Salopian types, evidence of a ridge 
separating the, 171; Salopian type, 
Permian beds of the, distribution of, 
172; mineral characters of, 174: 

Pendle system of disturbances, 178. 
Pendle Hills, diagrammatic section 

through the, 181. 
Peru, lode in the Caratal gold-field,337. 
Pharaoh’s Baths, 24, 38. 
Philippeau, section through, 240. 
Pholiderpeton scutigerum, 310. 
Pinel, 420, 421, 423. 
Pinus plutonis, 358, 360. 
Plant-remains from beds interstratified 

with the basalt in the county of 
Antrim, 357. 

Platanal, section through, 347. 
Plattendolomit at Kissingen, 4. 
Pleistocene Mammalia, on the distri- 

bution of the British, 192. 
Pliocene fossils of China, 134. 
Plumbago, occurrence of, in Hastings 

county, Canada West, 271. 
Plumpton grits, 291. 
Podernuovo, lignite mines of, 260. 
Poikilitic period, 149. 
Porfido, 339. 
Porfiro, 339. 
Porphyry, felstone, of Carrock Fell, 

438. 
Porphyry in Kwangtung and Fuhkien, 

125. 
Porphyry, syenitic, between Enner- 

dale and Buttermere, 437. 
Postglacial climate, 214. 
Postglacial depositsnearBlackpool,413. 
Postglacial mammals, British, on the 

distribution of the, 192. 
Potsdam Sandstone, 265. 
Posttertiary deposits of the county 

of Hastings, Canada West, 263. 
Preglacial, relation of, to postglacial, 

mammals, 210. , 
Prehistoric mammals, relation of, to 

postglacial, 211. 
Provence, Cretaceous formation of, 

239. 
Provencian stage, 239, 241, 244, 246. 
Pseudomorphous crystals of chloride 

of sodium in the ‘“ Waterstone 
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Beds” of the Keuper in the coun- 
ties of Somerset and Devon, 50. 

Pterygotus, occurrence of, in the Up- 
per Silurian rocks in Herefordshire, 
235. 

Pycnodonti, 379. 
Pyrites, iron, arsenical, magnetic, and 

copper, associated with gold, in the 
“Nuggetty Reef,” 334. 

Pyrrhotine, 273. 
Quaker’s yard junction, the river Taff 

near, 66. 
Quartzites of Venuzuelan Guyana, 

346. 
Quaternary gravels, Mr. A. Tylor on, 

57 
Quercus, 359. 
Quinté gold-mining district, 266. 
Ramleh, plain of, 25, 26, 31. 
Rattray, Dr. A., on the geology of the 

Cape-York peninsula, Australia, 
297. 

Reef, Barrier, of Australia, formation 
of the, 303. 

*Regur” in Abyssinia, 405. 
Rhamunus, 359. 
Rhondda valley, transverse section of, 

76; section of pit in, 77. 
Rhotomagian stage, 239, 241, 244, 246. 
Rippon Tor, rocking-stone at, 279. 
River-beds, table of Mammalia from, 

195. 
Rocking-stones, 279. 
Rock-surfaces, smoothed, 418. 
Rodentia of the Somerset caves, 444. 
Rogers, Mr. A., on the geology of the 

country surrounding the Gulf of 
Cambay, 441. 

Rothliegende, supposed beds of, 291. 
Rottingdean, section of the cliff east of 

the gap at, 81. 
Rowney, Dr. T. H., and Prof.W. King, 

on the so-called ‘* Eozoonal”’ rock, 
115. 

Ruschhaupt, Mr. F.,on the salt-mines 
of Saint Domingo, 256. 

Rushton Spencer, Permian outlier at, 
178. 

Russia in Europe, geological structure 
of, compared with that of North- 
western Siberia, 1. 

Rutile, occurrence of, in Hastings 
county, Canada West, 271. 

Rye-loaf Hill, section through, 63, 
Saaou, Wady, 30, 31. 
Saint Domingo, salt-mines of, 256. 
St. John, syenite of the vale of, 435. 
Salcombe Mouth, section through, 155. 
Salisbury, section of gravels near, 78 ; 

musk-ox found near, 78. 

Salles, section through, 240. 
Salsette, basalt dykes of, 164, 168. 

basalt dykes of the mainland 
of India opposite to, 163. 

Salter, Mr. J. W., and Mr. Henry 
Hicks, on some fossils from the 
“ Menevian group,” 51. 

Salt-mines of Saint Domingo, 256. 
Sandberger, Dr. F., on a section of a 

well at Kissingen, 4. 
Sandford, Mr. W. A., on the rodentia 

of the Somerset Caves, 444. 
Sandringham, Red Chalk at, 190. 
Sandstone, “Nubian,” in Arabia Pe- 

treea, 27. 
Sangatte cliff, section of, from the 

beach, 82. 
San Isidore, section from, to Bolivar, 

347. 
Santonian stage, 239, 242, 244, 246. 
Sarabut e Gammal, 25. 
Sarabut el Khadem, 26, 31. 
Saurian, gavial-like, from Kimmeridge 

Bay, Mr. J. W. Hulke on a, 
390. 

Saurian, humerus of a, from the Kim- 
meridge Clay of the Dorset coast, 
386. 

Saurian, new Acrodont from the 
Lower Chalk, 442. 

Scarrey Tor, 274. 
Scheick, Wady el, 37. 
Schists, Talcose, of Venezuelan Guy- 

ana, 345. 
Schonborn Well, at Kissingen, 4. 
Scotland, Postglacial Mammals of 

207. 
Scudder, Mr. S. H., on the Fossil 
Myriopods of the Coal-formations 
of Nova Scotia and England, 441. 

Sea-level, changes in the, during the 
Glacial period, Mr. A. Tylor on, 7. 

Seaton, section through, 155. 
Section to illustrate the position 

of the supposed axis of elevation, 
and its relations to the Triassic and 
Permian rocks under the Plain of 
Cheshire, 181 ; of Hunstanton Cliff, 
185; of the Cretaceous Beds of the 
Charente, 240; of the Cretaceous 
Beds of the coast of Provence be- 
tween Le Beausset and Marseilles, 
240; of the freshwater Upper Cre- 
taceous beds of Fuveau, 242; of 
the Cretaceous beds of Algeria, 245; 
transverse, of a vein of spathose- 
iron-ore in the Brendon Hills, 255 ; 
longitudinal, of a vein of spathose- 
iron-ore in the Brendon Hills, 
256; showing granite in mica- 
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schist at Kil-Donnan Lodge, 319 ; 
showing granitiform rock in decom- 
posed gneiss in Suisgill, 319; show- 
ing granite and trap in mica-schist 
above Crask Bridge and near Kil- 
Donnan Lodge, 320; of alluvial de- 
posits in Kil-Donnan, 324; plan, 
of the “Nuggetty Reef,’ 329; 
cross, showing a bend in the “‘ Nug- 
getty Reef,” 329; showing bars of 
granite in the “Nuggetty Reef,” 
329, 330, 331, 332; of quartz and 
“porphyry” lodes in the Caratal 
district, 339; of alluvial digging 
near Nueva Providencia,340; show- 
ing the formation of “Tierra de 
flor” from “ Moco de hierro,” 342 ; 
from the Orinoco at Las Tablas to 
Caratal, 347 ; from Bolivar to San 
Isidore, 347; of drift to the north 
of Uncle Toim’s Cabin, 413; of 
drift from near the French College 
to about a mile beyond Uncle 
Tom’s Cabin (Blackpool), 414; 
near Ulverstone, 422; across the 
Yare Valley at Trowse, 446; on 
the coast (of New Zealand) from 
the Waikato River to Otehe Point, 
14; of the celestine-bearing strata 
of Mokattam, near Cairo, 4.2; of the 
valley of the Aire through Ashfield, 
62; of the valley of the Aire through 
Rye-loaf hill, 63; at Holbeck, 65; 
at Cottingley Beck, 65; of the val- 
ley of the Taff, 67; of gravel-de- 
posit near Quaker’s yard station in 
the valley of the Taff, 68; across 
the Taff-valley railway, 68; along 
cuttmmg of the Taff-valley railway, 
70; of surface of Lower Carboni- 
ferous series at Hirwain common, 
73; showing Coal-seams squeezed 
into drift during the deposition of 
the lowest gravel on Hirwain com- 
mon,74; across Rhondda valley, 76; 
of pit in Rhondda valley, 77; near 
Salisbury, 78; about half a mile 
east of Sussex Square, Brighton, 79; 
at Brighton, 79 ; vertical, of Brigh- 
ton cliff, 80; of the cliff east of the 
gap, Rottingdean, Sussex, 81; of 
cliff east of Freshwater Gate, Isle 
of Wight, 82; of Sangatte Clif, 
from the Beach, 82; at Grays, 
Essex, 83 ; of the Cyrena-pit, Erith, 
85; Erith-pit, 86,87, 88; in Cray- 
ford pit, 90-94; of part of the 
Cyrena-bed, Crayford, 93; in Stoke 
Newington pit, 95; at Grays, illus- 
trating the rearrangement of Pipes 

in the Chalk, 96; near Knighton 
Mill, Isle of Wight, 97 ; on Brad- 
ing Down, Isle of Wight, showing 
blocks of chalk in gravel, 98; of the 
Suichang hills, Kiangsi, 121; of the 
Kiukiang district, Kiangsu, 122; 
of Coal-beds at Pah-hwei-miau in 
the Nanking district, 124; of Si 
Tungting-shan, 125; of Chung- 
shan, near Nanking, 130; along the 
South-Devon cliffs, from the Dow- 
lands Landslip to Babbacombe Bay, 
155; across the anticlinal of the 
river Dane, near Congleton, 178. 

Sequoia Du Noyeri, 358, 361. 
Severn, valley of the, diagrammatic 

section through, near Shrewsbury, 
181. 

Shéng Kia-Kiu, section through, 121. 
Shénlung pass, hematite in the, 127. 
Shipley, course of the Aire to, from 

Bingley, 62. 
Shotover Hill, Dakosaurus from the 

Kimmeridge Clay of, 15, 218. 
Shrub Hill, Feltwell, Flint Imple- 

ments at, 451, 458; remains of 
Deer and Horse found at, 452. 

Siberia, North-western, geological 
structure of, compared with that 
of Russia in Europe, 1. 

Sidmouth, section through, 155. 
Sidreh, Wady, 32, 33, 36. 
Sigillaria, Mr. Carruthers on the 

structure and affinities of, 248. 
Silurian rocks, Lower, of the county 

of Hastings, Canada West, 264. 
strata of Natal, 170. 

, Upper, of Herefordshire, occur- 
rence of remains of Eurypterus 
and Pterygotus in the, 235. 

Sinai, convent of St. Katherine in, 37; 
fossils from the Cretaceous rocks 
of, 44. 

Si Tungting-shan, part section of, 125. 
Sodium, chloride of, pseudomorphous 

crystals of, in the ‘ Waterstone 
Beds” of the Keuper, in the counties 
of Somerset and Devon, 50. 

Somerset Caves, Rodentia of the, 444. 
Somerset, on pseudomorphous crys- 

tals of chloride of sodium in the 
“Waterstone Beds” of the Keuper 
in, 50. . 

Spherodus gigas, vomer of, 385. 
Spheroidal structure of the granite on 

the eastern side of Dartmoor, some 
of the results of the, 273. 

Steneosaurus rostro-mimor, 390. 
Stoke Newington Pit, section in, 95. 
Straight Point, section through, 155. 
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Strathbrora, occurrence of gold in, 221. 
Strath Ullie, occurrence of Gold in, 

322. 
Stratification, indications of, in Lower 

Boulder-clay between Bardsea and 
Baycliff, 420. 

Streptospondylus, 397. 
Structure, spheroidal, of the Granite 

of the eastern side of Dartmoor, 
some of the results of the, 273. 

Sudder, Wady, 21. 
Suez, the Desert near, 18; raised 

beach near, 18. 
Suffolk, Flint Implements in the 

Drift of, 272, 449. 
Suichang district, coal of the, 128. 
Suichang-hien, section through, 121. 
Suichang Hills, section of the, 121. 
Suisgill, granitiform rock in decom- 

posed gneiss in, 319; occurrence 
of gold in, 322. 

Suoug, Wady, 30, 31. 
Sutherland, Dr., on the auriferous 

rocks of South-eastern Africa, 169. 
Sutherland, gold-field of, 314. 
pace eae origin of, in Drift, 

417. 
Syadree Range, basalt dykes of the, 

164. 
Syeh Sidreh, 32. 
Syenite, of the vale of St. John, 435. 
Syenitic porphyry between Ennerdale 

and Buttermere, 437. 
Table of British Postglacial Mamma- 

lia, 195. 
Taff, river, map of part of the, 67; 

section of the valley of the, 67. 
Taibe, Wady, 24, 37. 
Taihu lake, section through, 125. 
Talcose schists of Venezuelan Guyana, 

345. 
Taragi, Wady, 21. 
Tarrangower, Mount, the “ Nuggetty 

Reef” in the Gold-field of, 326. 
Tate, Mr. R., on the Geology of Guy- 

ana, in Venezuela, 343. 
Tawney, Mr. H., on the occurrence of 

Terebratula diphya in the Alps of 
the Canton de Vaud, 305. 

Tébessa, section through, 245. 
Teignmouth, age of the Breccia of, 

156 ; section through, 155. 
Tenoukla, section through, 245. 
Terebratula diphya, on the occurrence 

of, in the Alps of the Canton de 
Vaud, 305. 

, Mr. Davidson on, 306. 
diphyoides, figured, 308. 

Thames valley, age of the Lower Brick- 
earths of the, 212 ; gravels of the, 83. 

Thetford, Elephas primigenius and 
Bos Urus at, 452. 

Thirlstone, 277. 
Thornworthy, rocking-stones at, 279. 
Tien Chi Pagoda, 122. 
Tierra de Flor, 337, 340, 342. 
Tih, Djebel el, 25, 26. 
Tipperary, Graptolites occurring in, 

161. 
Tools, old mining, in the Wady Mag- 

hara, 33. 
ee of the eastern side of Dartmoor, 

274. 
Trap dyke in mica-schist above Crask 

Bridge, 320. 
Traps, Ashangi, 404, 

, Magdala, 404. 
Trenton limestone, 264. 
Trias, evidence of a ridge of Lower 

Carboniferous rocks crossing the 
plain of Cheshire beneath the, 171, - 
178. 

Triplosporites, 253. 
Trowse, section across the Yare valley 

at, 446. 
Tungting series, 120. 
Tungting-shan, Si, Part section of, 

125. 
Turonian chalk in Sinai, 45. 
Turquoise-miners of Wady Maghara 

and Sidreh, 32. 
Tylor, Mr. A., on Quaternary gravels, 

57; on the formation of Deltas; 
and on the evidence and cause of 
great changes in the Sea-level during 
the Glacial period, 7. 

Ullrich, Dr. G. H. F., on the “ Nug- 
getty Reef,’ Mount Tarrangower 
Gold-field, 326. 

Ulverstone, contorted sand and gravel 
near, 421; section near, 422; Gla- 
ciated rock-surfaces near, 420. 

Uncle Tom’s Cabin, coast-section of 
Drift near, 413. 

Upata, section through, 347. 
Valley-plains in Drift, origin of, 418. 
Valongian Stage, 246. 
Vaud, Canton de, occurrence of Tere- 

bratula diphya in the Alps of the, 
305. 

Venezuela, geology of Guyana in, 348, 
350. 

, geology of, 336. 
Voleanic phenomena of Hawaii, 432. 
Volcanic rocks, Aden series of, in 

Abyssinia, 405. 
Volterra, Lignite mines of Podernuovo 

near, 260. 
Wady Amara,20,21; Atal, 24,25; Baba, 

25, 26, 28; Chaly, 26; Chamilé, 31, 
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32; el Scheick, 32, 33, 36; Fer- 
ran, 24, 36, 37, 44; Gharandel, 21, 
22, 23, 25, 30, 36, 38; Ghenneh, 32, 
35, 36; Husseid, 23, 36; Khalig, 
28; Lechian, 30; Maghara, 26, 32, 
33; Mokiuttub, 32, 36; Nagb el 
Bedra, 27, 36, 44; Nasb, 26-30; 
Omongraf, 32; Saaon, 30,31; Sid- 
reh, 32, 33,36; Sudder, 21; Taibe, 
24, 37; Taragi, 21. 

Waikato river (N. Z.), section from 
the, to Otehe Point, 14. 

Waikawau (N. Z.), section through, 
14. 

Wales, North, carboniferous anticli- 
nal in, 180. 

Wallbridge, Mr. T. C., on the Geology 
and Mineralogy of the county of 
Hastings, Canada West, 261. 

Ward, Mr. J. Clifton, on beds of 
supposed Rothliegende age, near 
Knaresborough, 291. 

Waterford, Graptolites occurring near, 
159. 

“Waterstone Beds” of the Keuper, 
on the, containing pseudomorphous 
erystals of chloride of sodium, in 
the counties of Somerset and Devon, 
50. 

Wattern Tors, 276, 277. 
Waveney, Broads of the valley of the, 

258. 
Weevils, 360. 
Weston Mouth, section through, 155. 
Wexford, Graptolites occurring in 

160. 
Wharfe, valley of the, Geology of the, 

293. 
Whicham valley, Drifts of, 427. 
White Cliff, section through, 155. 
White Deer Grotto, 122. 

Whitaker, Mr. W., on the connexion 
of the geological structure and 
physical features of the South-east 
of England with the Consumption 
Death-rate, 481; on the succession 
of beds in the “ New Red” on the 
South coast of Devon, and on the 
locality of a new specimen of Hy- 
perodapedon, 152; on a Raised 
Beach at Portland Bill (Title only), 
305; and Bristow, Mr. H. W., on 
the formation of the Chesil Bank 
(Title only), 305. 

Williamson, Rev. C. G., on the Vol- 
canic phenomena of Hawaii, 432. 

Willistone Rocks, 279. 
Wiltshire, Rev. T., On the Red Chalk 

of Hunstanton, 185. 
Wood, fossil, from Antrim, 359. 
Wood, Mr. Searles V., Jun., and Mr. 

F. W. Harmer, on a peculiar in- 
stance of intraglacial erosion near 
Norwich, 259, 445. 

Wu-lao-féng, section through, 122. 
Yangtse, alluvial deposits of the, 134, 

136. 
, Lower, Geology of the provinces 

of the, 119. 
Yare valley, section across the, at 

Trowse, 446. 
Yare, Broads of the valley of the, 258. 
Yes Tor, 276. 
Yezo, coal-mines at Kaianoma, in the 

island of, 254. 
Yishan, coal at, 129. 
Yorkshire, beds underlying the Mag- 

nesian Limestone in, 292; Permian 
beds of, 176. 

Yuruari, section across the river, 347. 
Zinc-blende, associated with Gold in 

the “‘ Nuggetty Reef,” 335. 

THE END. 
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On Jurassic Deposits near Vienna. By Herr C. Grrespace: 

[ Proceed. Imp. Geol. Institute, Vienna, February 4, 1868. ] 

Tue Jurassic series from theRhetic formation up to the Neoco- 
mian has been found well represented in a circumscribed area near 
St. Veit, about 24 miles north-west of Vienna. The Koessen strata 
are well developed and very fossiliferous; but their stratigraphical 
relations with the remainder of the Lias could not be ascertained. 
The Dogger is represented by the zones of Ammonites Sauzeanus, A. 
Humphriesianus, and A. Parkinsoni. These deposits strike N.E. 
and 8.W., dipping N.W., and form, as it were, an island in the un- 
conformable Upper Jurassic deposits. 

The Klaus beds may possibly be represented by a fine red lime- 
stone containing Crinoids, and occurring in two localities, as it yields 
a Terebratula very similar to 7. Roveredana, Benecke. This and 
another red limestone, the latter containing Aptychi, strike from E. 
to W., and dip S., overlying the Dogger unconformably, but they are 
conformably succeeded by the white Neocomian limestone, which 
yields Aptychus Didayi, Cog. The former has afforded Aptychus 
levis, A. latus, A. gibbosus, A. lamellosus, A. ESS TES Belemnites 
hastatus, and B. canaliculatus. 

[Count M.] 

ooo 

On Microscopic Prants and ANIMALS in ErvptivE Rocks. 

By Dr. Gustav Jenzscu. 

Ueber eine mikroskopische Flora und Fauna krystallinischer Massengesteine Pp y g 
(Eruptiongesteine), von Dr. Gustav Jenzsch. Leipsig, Engelmann, 1868.] 

In this preliminary pamphlet the author announces a remarkable 
discovery that he has made, namely, that various “ eruptive” rocks, 
such as the melaphyre of Zwickau and the Thiiringerwald and the 
porphyry of Halle, contain the microscopic remains of organisms 
imbedded in thin crystalline constituents, and not merely in the 
calcite and other materials by which spaces in the rock have been 
filled up. His observations were made upon cut and polished sec- 
tions of the rocks, taken not from the surface (where weathering | 
might interfere), but usually from quarries. 

The organic forms detected by Dr. Jenzsch in these rocks are cha- 
racteristic of standing fresh water. No Diatomacez have occurred 
to him ; and of the Carapaced Infusoria, only afew Arcelle have been 
met with. Of plants, he says that he has met with entire well- 
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preserved Multicellular Alge, in some of which he could even detect 
the lateral extrusion of zoospores. In the melaphyre of Zwickau 
these Alge are coloured green by Delessite, and produce exactly the 
impression of living plants. One species, found in abundance in 
the milky quartz of the melaphyre of Zwickau, possesses bristle- 
like terminal cells, which might easily be mistaken for the spi- 
cules of Spongilla. The same quartz contains layers of algal 
cells, which are remarkably intersected by straight spaces, look- 
ing as if they had been sawn out. As the individual cells were 
often cut through, the author supposed that these spaces were the 
work of some animal; and he at last succeeded in finding an Infu- 
sorian with its extended proboscis applied to a place which had 
already been attacked. To this Infusorian he gives the name of 
Rhynchopristes melaphyrt. With these occurred a great quantity 
of Rotatoria, which he refers to the neighbourhood of Schrank’s 
genus Limnias, but places in a new genus, Z'rekolos, to be cha- 
racterized in a larger work. Of this he distinguishes two species, 
T. melaphyri and T. thuringie. 

From his observations the author infers, not that the so-called 
“eruptive rocks” are really sedimentary in their nature, but that 
these microscopic organisms actually live in the moisture perme- 
ating these eruptive rock-masses, and that they become imbedded 
and fossilized in a medium produced by the weathering of the 
rocks and infiltration of water,—in other words, that the primordial 
condition of the rock-masses in question has been subjected, and 
is still subject, to a process of metamorphism in the humid way. 

[W.S. D.] 

On the Fryscx of the NortHERN Marern of the Catcarnous ALps be- 
tween the Laxrs of Traun and Lavpacn (UppEer Austria). By 
Dr. E. Moysisovics and Dr. W. Scui@yBacu. 

[ Proceed. Imp. Geol. Instit. Vienna, June 30, 1868.] 

THE succession of deposits along a north and south line from the 
river Traun to Traunstein is as follows :—(1) moraines, (2) terraces 
of glacial drift, (3) Flysch, (4) Eocene green sandstones, (5) Upper 
Cretaceous marls, (6) conglomerates, (7) Liassic sandstones, and (8) 
ancient limestones and dolomites of the Traunstein. The valley 
called Gschliefgraben is evidently the result of the action of water 
on the soft and easily decomposable shaly Cretaceous marls, which 
are of a light-grey or rarely reddish tint, and alternate frequently 
with more compact layers. These marls are very similar in petro- 
logical character to Strombeck’s North-German Upper Planer. The 
lower portions abound in Jnocerami, Baculites, Hamates, Scaphites, 
and Ammonites ; while Echinoderms, such as Ananchytes, Micraster, 
Holaster, &c., prevail in the upper parts. The facies is Upper Cre- 
taceous (Planer of Giimbel), quite distinct from that of the true 
Gosau strata, and bears a close resemblance to the South-Alpine 
“Scaglia,” or to the West-Alpine “ Sewer-strata.” The fauna is 
probably a compound of those of several paleontological horizons. 



MOYSISOVICS AND SCHL@NBACH——FLYSCH OF UPPER AUSTRIA. 3 

The dip is at a high angle, in a southerly direction, towards the 
Traunstein. The soft nature and inclined position of these marls 
cause slips; and the effect of these local disturbances is more or less 
perceptible at the present time. 

Olive-green qnartzose glauconitic sandstones appear to te north 
of the marls, abounding with Nummulites and other Eocene organ- 
isms. Still further north, the Grunberg is entirely composed of 
alternations of greyish-blue limestone containing fucoids, with 
Vienna sandstones which contains the characteristic vermiform 
markings whose nature is still undetermined. 

The depression between the Grinberg and the Traunstein con- 
tains detrital matter evidently of glacial origin. It may be traced 
as far as the Laudach Lake, the north-eastern end of which it bor- 
ders as a range of low undulating hills, evidently the remains of 
terminal moraines. Blocks of limestone from the Gschliefgraben lie 
scattered about, brought into their present position either by run- 
ning water or by landslips. Moraines are also seen upon a terrace 
of glacial drift on the northern side of the Griinberg. The fine- 
grained calcareous and micaceous sandstones which are seen im situ 
on the west-south-western bank of the Lake of Laudach, between 
the Cretaceous marls and the Lower Lias, may possibly be concealed 
beneath these gravels and moraines. The sandstones in question 
are distinctly stratified, and dip southwards at a steep angle beneath 
the mass of the Traunstein. They rest immediately on, and pass 
into, a conglomerate composed of fragments of primitive rocks and 
rolled polished pebbles of white quartz, bound together by a ferrugi- 
nous cement which is locally decomposed into rust-coloured matter. 
Organic remains are not rare, but they are usually so imperfectly 
preserved as not to admit of determination. The most abundant 
fossil is an Ostrea, strikingly resembling O. (Gryphea) obliqua ; 
impressions ‘of Zima and Pecten are also found. The Belemnites, 
which are probably derived from older rocks, have a decidedly 
Liassic facies. If the Belemnites are really derived from, and the 
Ostrea is identical with, O. obliqua, these conglomerates belong to 
the Lower Tertiaries ; if this be not so, they must be placed either 
with the upper part of the Lower Lias or the lower division of the 
Middle Lias. 

The calcareous sandstones above mentioned are lithologically iden- 
tical with those of the upper region of the Gschlief ravine, which 
Mr. Stur placed in the lower division of Quenstedt’s Lias 6, on ac- 
count of the evidence afforded by such typical fossils as Ammonites 
obtusus, Sow., A. stellaris, Sow., A. oxynotus, Quenst. (?), Ostrea 

— (Gryphea) obliqua, Goldf. sp., Pecten Hehli, P. textorius, Lima gi- 
gantea, Terebratula cor, Lam., &e. 

In the same ravine are found blocks of splintery, occasionally 
schistose, grey limestone, containing isolated dark spots similar to 
those of the “spotted marls,” and specimens of Ammonites mar- 
garitaceus, thus representing the middle subdivision of the Las. 

The above facts seem to prove that an inversion of the strata has 
taken place between the Lakes of Traun and Laudach, as has been 
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shown in many other localities in the Alps. The Liassic rocks seem 
to lie beneath the more ancient limestones and dolomites of the 
Traunstein ; then in descending order come the Upper Cretaceous 
deposits; next follow the Eocene Nummulitic green sandstones, and 
lastly the Flysch of the Grunberg, which is uncouformably overlain 
by the Glacial drift. The whole of the Vienna sandstone of this 
locality is evidently newer than the Kocene Nummulitic green sand- 
stones, and consequently corresponds to the Flysch of the Swiss 
geologists. [Count M. ] 

On a Pat from the Brown-coat of HIBISwALD, m STYRIA. 
By D. Srvr. 

| Proceed. Imp. Geol. Instit. Vienna, July 31, 1868. ] 

Tuts fossil is the central portion of a large leaf. The rhachis, which 
is flattened by compression, bears fifteen pinne, but shows no trace 
of spines; its length is 14 inches, its breadth 4 inch. Three other 
pinnee lie on the same block in such a position as to place their 
former connexion with the rhachis beyond doubt. ‘The pinne on 
the left side are preserved to a length of from 3 to 4 inches, those 
on the right side to a length of from 10 to 15 inches; but in all 
eases the apices are wanting. The distance from pinna to pinna is 
from 14 inch to 2 inches; the upper ones are alternate, and the 
lowest pair nearly opposite. They are linear-lanceolate in shape, 
the lowest pinna measuring 2 inches in its widest part. The chief 
nerve ig prominent, with three secondary nerves on each side, of 
which the central one is somewhat stronger than the other and more 
delicate intermediate nerves. The margin of the pinna is fringed 
with little spines of about 1 inch,in length. The whole bears a 
striking resemblance to the Silhetan species Calamus erectus, Roxb., 
and may be provisionally placed in the genus Calamus, L., under the 
name Calamus Mellingi, n. sp., in honour of its discoverer, Mr. 
Melling, the Superintendent of the Eibiswald coal-mines. 

[Count M. | 

On the OtpER Brown-coaL Frora of the Werrerav (N. W. Ger- 
many). By Prof. C. von ErrinesHavsen. 
[Proceed. Imp. Acad. Vienna, April 30, 1868.] 

THERE are six different localities of this flora, which contains 229 
species (104 being peculiar), and represents 60 natural orders and 
123 genera. The greater number of Miocene forms is met with 

_ at Miinzenberg, where the Australian types prevail over the Cupres- 
sinece, Ulmacee, and Juglandec. The tropical forms of the Aqui- 
tanian period are represented by the genera Lygodium, Musophyl- 
lum, Araliophyllum, and Cesalpina. 

At Salzhausen these tropical forms are mixed with a greater pro- 
portion of species characteristic of the warm temperate zone, and 
with some few forms of the Giningen and Lausanne deposits. 

[Count M. } 
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On the Foss Fiona of the Turrs of Czexnnaza (N. Houneary). 
By Herr H. Wotr. 

[Proceed. Imp. Geol. Instit. Vienna, August 31, 1868]. 

THE species represented in this flora, as determined by Professor 
Unger, are :— 

Ainus rostratum, Ung. Juglans acuminata, Ung. 
Castanea Kubinyi, Kovacs. Rhamnus Oeningensis, Heer. 
Quercus deuterogena, Ung. Andromeda tristis, Ung. 

Nimrodis, Ung. Banksia helvetica, Heer. 
Sapindus Erdoben yensis, Kov. Populus latior rotundata, Heer, 
Zelkowa Ungeri, Kov. (= Planera Acer decipiens, Heer. 

Ungeri). Ficus tilizfolia, Ung. 
Phragmitis Oeningensis, Heer. Grewia tiliacea, Ung. 
Caulinites dubius, Heer. Sterculia tenuinervis, Heer. 
Podogonium Knorrii, Heer. Handtkeni, Ung. 

latifolium, Heer. Salix varians, Heer. 
Arundo Goepperti, Heer. Lastrea dalmatica, Hitingsh. 
Carpinus grandis, Ung. 

In the immediate vicinity, a kind of Menilitic shale includes re- 
mains of plants and fishes, and, in beds of a tripoli-like substance, Dia- 
tomacez and insects. A new locality of freshwater quartz abounds 
in silicified stems of trees, with some few impressions of leaves and 
minute shells of terrestrial Mollusca. [Counr M. ] 

On the Grotoey of Texas. By Herr A. R. Rozsster. 

[ Proceed. Imp. Geol. Instit. May 31, 1868.] 

Tre territory of Texas offers a complete series of deposits from 
the Paleozoic Potsdam Sandstone up to the highest Tertiaries. 
A bed of genuine bituminous coal is known to exist near Fort 
Belknap. The Carboniferous formation has been stated to ex- 
tend over 5000 square miles of surface, and to be 350 feet in 
thickness. The thickness of the Cretaceous deposits probably ex- 
ceeds 1500 feet; they are distinctly stratified, generally fos- 
siliferous, coralline limestones, particularly well developed in the 
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Comanche-summit (Johnson County), 650 feet above the level of the 
Rio Brazos, where they appear under the form of white hippurite 
limestones, overlying a bed of grey limestones, whose strata extend 
about 70 yards westward and form a low slope; they are filled to 
the depth of 30 feet with Ewogyra Texana, Holaster simplex, Lima 
Wacoénsis, and other organic remains. They alternate frequently 
with accumulations of Gryphea Pitchert and Ewogyra Texana, and 
the total thickness of this group is 75 feet. On the south side of 
the hill, the Gryphza-beds are 200 feet thick. The upper portions 
of the hill include a small quantity of Kxogyra Texana, Janira occi-: 
dentalis, Lima Wacoénsis, Holaster sumplex, and a Towaster. The 
limestones above these strata abound in Hippurites, Caprotune, &e. 
The Texan Tertiaries consist of sandstones and limestones, the 
former frequently impregnated with a large proportion of oxide of 
iron. Remains of Zeuglodon cetoides have been found in the hill- 
range of the Rio Colorado, and bones of Mastodon giganteus and 
Elephas primigenius and other large quadrupeds on the banks of the 
Rio Brazos. 

The calcareous sandstones and dolomitic limestones of the Pots- 
dam period are of frequent occurrence in the western region of the 
State. They are rich in silica, and furnish marbles of superior 
quality. 

The Azoic rocks include extensive beds of magnetic iron-ore. 
Enormous loose masses of this ore are spread over the surface about 
Johnson’s Creek (Llano County); a hill, rising 45 feet above the 
level of the River Llano, is one solid mass of iron-ore; its ex- 
tension in depth is still unknown. The ores, very analogous to those 
of the Iron Mountain of Missouri, are partly magnetic, partly spe- 
cular oxide of iron; they contain on an average 96-890 per cent. of 
per- and protoxide of iron, with 2°818 per cent. of insoluble sili- 
ceous substances, and give 74:93 per cent. of metallic iron. This 
iron region is surrounded on all sides by ridges of granite, intersected 
by veins of quartz and associated with red felspar, gneiss, tale, and 
chloritic slates. Wood abounds in the environs, and limestone and 
steatite may be easily procured in abundance, the extreme in- 
dolence of the inhabitants, who find an easy and profitable employ- 
ment in breeding cattle, sheep, and horses, being the only obstacle to 
the establishment of extensive iron-works. 

Superficial indications of the existence of great quantities of 
petroleum below the surface are not unfrequent in the environs of 
the “ Four Lakes” (Harding County). ‘The acidulated waters of the 
lakes, and those of the springs surrounding them, are impregnated 
with carburetted hydrogen gas and petroleum. ‘This locality belongs 
to the Miocene period, forming a zone 50—75 miles in breadth and 
extending several hundred miles in length along the coast. Mr. 
Roessler has brought from the sources of the Rio Brazos a block of 
meteoric iron weighing 315 lbs. [Count M.] 
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On the Cuirr-Limestonrs (Kiippenxatk) of the Norruern Carpa- 
THIAN Rance. -By Dr. G. Stacuz and Dr. M. Neumayr. 

[Proceed. Imp. Geol. Instit. Vienna, August 31, 1868.] 

Evipent and extensive foldings of strata have been observed in the 
Pieniny mountain-group, which is essentially composed of Jurassic 
limestones and Neocomian yariegated marls and limestones, as also 
in the cliffs of Middle and Upper Jurassic limestones north-west of 
Lublau. The inferior Crinoidal limestones (Dogger) are steeply over- 
vaulted by the red limestone strata of Czorstyn. Between Szczawnica 
and the valley of Lipnik, even compact older Tertiary strata, which 
may be supposed to offer more constant resistance to destruction and 
decomposition (Nummulitic limestones and Eocene conglomerates 
with calcareo-dolomitic cement), show the outlines of cliffs rising 
from amidst red and grey Neocomian marls, Eocene nummulitic 
sandstones, and loose conglomerates. Several eruptions of a trachyte 
with sanidine, oligoclase, and amphibole amidst the cliff-region are 
met with near Szczawnica, proving that the action of the grand 
trachytic eruptions between Tokaj and Eperies (North Hungary) ex- 
tended in the direction of the cliff-range and beneath the Carpathian 
sandstones running parallel to it. These facts lead to the following 
conclusions :—T hese cliffs are the remains of a system of complicatedly 
folded hard and resisting strata. This folding was caused by the 
powerful pressure of a great eruption, which, in its progress beneath 
the range of Carpathian sandstones, found no issue upwards, and 
affected the whole of the older deposits then accumulated between its 
chief line of wpheaval and the compact granitic mass of the Tatra. 
A final upheaval of this mass may have coincided with this trachytic 
eruption at the beginning of the Neogene period. The softer mate- 
rials overlying the more compact calcareous strata have been partly 
destroyed in the course of the catastrophe. The Carpathian sand- 
stones and older Tertiary sandstones and marl-shales which are 
conspicuously developed along the northern and southern limits of 
the cliff-region appear generally in but slight development close 
to the limit of the red, grey, and variegated inferior Cretaceous 
marls from among which the cliff-ranges rise. A general destruc- 
tion and removal by water of the deposits above the Neocomians is 
not admissible, except on the supposition that this range was re- 
peatedly and for a long time, during the Cretaceous and Tertiary 
periods, the coast-limit of a continental region. Under the cir- 
cumstances just described, a powerfnl trachytic eruption must 
necessarily have given rise to uncommonly frequent and diver- 
sified derangements and foldings of the whole system of strata. 
In some places broken or burst portions of the inferior more com- 
pact limestone beds have pierced through the softer deposits above 
them, while these last have been compressed between the foldings 
and the fissures of the more resistant calcareous materials. The 
red Crinoidal limestones contain Ammonites recte -lobatus, Tere- 
bratula curviconcha, and some other species from the Klaus-strata 
(Bathonian), together with Ammonites alternans, y. Buch, and 
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several other forms peculiar to strata of less remote age. In one 
place near Lublau forms from the Klaus-strata are found exclu- 
sively characterizing the lowermost beds of the red Crinoidal lime- 
stone next to the white limestone. The dark-red nodular limestones 
of Czorstyn include in their upper horizon a fauna similar to that of 
the Acanthicus-strata, and in their inferior one Terebratula diphya 
and genuine Tithonian Ammonites. The species found in them 
are :— 

Ammonites compsus, Opp. Ammonites isotypus, Ben. 
iphicerus, Opp. # quadrisulcatus, @’ Orb, 
torti-sulcatus, d@’ Orb, montanus, Opp. 

*——. Kochi, Opp. Achilles, @’ Orb. 

**K 

> Calypso, d’ Orb. hoplizus, Opp. 
as Ruppelensis, @’ Ord. Aptychus lamellosus. 
**_____ Oegir, Opp. Echinoderms. 

The species marked * are Tithonian ones, those marked ** are cha- 
racteristic of Acanthicus-strata. The Rogoznik strata include nu- 
merous Brachiopods, among which are Terebratula diphya, Col., of 
unusual size, and 7’. Bouéi, Zeuschn., together with various Cephalo- 
pods, such as Ammonites carachtheis, Zeuschn., A. imcultus, Opp. (non 
Beyrich), A. rasilis, Opp., A. Rogoznicensis, Zeuschn., A, Stasiczi, 
Zeuschn., and an undoubtedly Tithonian flexuose form standing next 
to A. compsus. Further west clear flesh-coloured limestones with 
A. semisulcatus, V@Orb., A. Calypso, d’Orb., A. senew, Opp., &e., 
appear as the probable equivalents of the genuine Rogoznik breccias. 
The limestones of Czorstyn include A. acanthicus, several other forms 
of the subdivisions fimbriatc and Planulat:, and a probably new 
species, flattened, much involute, with a broad triangular back, and 
its sides adorned with a great number of sharp, much curved, and 
frequently dichotomizing ribs. The presence of A. alternans in the 
red Crinoidal limestone seems to indicate this deposit to be equivalent 
to the Bath, Kelloway, and lowermost Oxford strata. [Count M.] 

Marine SHELLS found in the Sanps of the Dusmrr of the Karna-Kum. 
By G. von HELMERSEN. 

[ Proceed. Imp. Acad. St. Petersburg, March 5, 1868.] 

THe sand investigated by the author contained well-preserved 
specimens of Cardiwm edule and Dreissena polymorpha, both of which 
still live in the Aral and Caspian Seas. The shells, especially those 
of Dreissena, are remarkable for their small size. The occurrence 
of these shells near Ssapak, from which place part of the sand was 
brought, indicates the former extension of the Aral Sea to a distance 
of 30 wersts to the east of its present limits; and the author ex- 
presses his belief that the entire country from the Aral to the 
lakes Telekulj-Ata and Karakulj, and beyond these up the River 
Tschu to the sandy deserts of Majun-kum and Akkum, is an old 
sea-bottom. | [W. 8. D.] 

eee 



FUCHS—-MOLLUSCA OF THE UPPER TERTIARIES. S 

On the Lavas of VEsuvIvs. By Professor Fucus. 
[Proceed. Nat. Hist. and Med. Soc. Heidelberg, January 22, 1869.] 

Tue author states that the chemical composition of the Vesuvian lavas 
is nearly the same from the oldest to the most recent. Soda is the 
only very variable constituent ; it ranges from 14 to 5 per cent. This 
variation is due to secondary chemical processes taking place before 
the outpouring of the lava. The three most essential mineral consti- 
tuents are leuzite, augite, and magnetic iron. With these are asso- 
ciated; but often only in small quantities or in particular lavas, 
olivine, mica, hornblende, garnet, sodalith, felspar (triclinic and 
sanidine), nepheline, and apatite. Only asmall portion of the leuzite 
is in well-developed crystals, an indication that after its formation 
it was partially altered by the high temperature of the surrounding 
lava mass. Similar alterations appear to have been produced ina 
great part of the constituent minerals of the lava. The lava, con- 
taining both crystalline and amorphous mineral substances, must 
haye consisted at the time of its outflow of a fused mass in which 
crystals and fragments of crystals swam. ‘The author has repeated 
and extended the investigations of Forchhammer and Rogers upon 
the action of hot water under strong pressure upon the silicates of 
which the lava is composed. ‘This action is particularly energetic 
when the water contains carbonic, hydrosulphuric. sulphurous, or hy- 
drochloric acid; and it is to it that the author attributes the changes 
produced in the chemical constitution of the lava. [Wes ee] 

Moxtzvsca of the Upper Trrtrarties of the VIcENTINE. By 
Herr T. Fucus. 

[ Proceed. Imp. Acad. Vienna, July 23, 1868.] 

THE whole number of species recorded by the author is 214 (among 
which 71 are new), distributed as follows through the stratigraphical 
subdivisions :—Castel’ Gomberto strata 118, Laverda strata 12, 
Sangonini strata 119. Of these 214 species, 128 are known to 
occur in other localities, viz. 70 in the Inferior Kocene (Sables 
inférieurs, Calcaire grossier, Sables moyens, Barton Clay, and their 
equivalents), 91 in the Upper Eocene (Oligocene). Only 24 species 
are common to the upper and inferior Vicentine Tertiaries, from 
which last about 300 species are known, so that the limit between 
the upper and inferior deposits is far more distinctly traced than it is, 
for example, in the Hampshire basin, where, according to Prof. von 
Koenen, 22 species, identical with those of the Barton Clay, are met 
with among the 54 species of the Oligocene Fauna of Brockenhurst. 
There is not one single species among the 300 just mentioned which 
is, at present, known to occur exclusively in the Upper Kocenes. No 
trace is found at Ronca of the comparatively far more recent spe- 
cies erroneously ascribed to this locality, but in reality imbedded in 
Castel’ Gomberto strata or in the basaltic tufts of Sangonini, while 
Ronea offers many new forms associated with a surprising abun- 
dance of beautiful Calcaire grossier forms. In consequence, the 
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strata of Castel’ Gomberto, Laverda, and Sangonini may safely be 
ranked in the group now generally named “ Oligocene,” although, 
with regard to the geological constitution of the Alpine region, the 
denomination of ‘‘ Upper Eocene” may be preferred. The fauna of 
Gomberto offers the most striking analogies with the fauna of the 
blue marls of Gaas and Lesbarritz ; it contains an abundance of large 
species of Strombus, Cassis, and Natica; Cerithia and Trochide are, 
however, predominant. The fauna of Laverda, especially of the 
marls, includes some few species of Sinupalliate Bivalves, and is com- 
pletely concordant with those of Oberburg (Styria) and Polschiza 
(Carniolia). 

The basaltic tuffs of Sangonini, near Lugo, abound in Canaliferous 
Gasteropods, especially of the genera Fusus, Plewrotoma, Murex, and 
Tritonium: their fauna is strikingly analogous to the Eocene fauna 
of England ; 20 species of it are common to the Inferior Oligocene 
fauna of N. Germany (Latdorf, Unseburg, Wolonirsleben, Helmstadt, 
&e.). The molluscan Upper-Kocene fauna of the Vicentine shows 
a remarkably tropical type, especially in the Gomberto strata, in this 
respect contrasting with the equivalent deposits of North Germany. 

[Count M.] 

On the Jurassic and Cretacnous Dzpostts of the CENTRAL APENNINES. 
By Dr. C. A. Zrrret. 

[Proceed. Imp. Geol. Inst. December 15, 1868.] 

Tre Tithonian and Lias group are particularly well developed. The 
Roman Apennines show important Inferior Cretaceous beds, but only 
scanty traces of Jurassics (“‘ Dogger’). The succession of horizons 
is as follows in ascending order :— 

1. Inferior Iias. Large masses of white limestones, with no or- 
ganic remains except, in some few localities, imperfectly preserved 
Brachiopods, Gasteropods, and Avicula janus, Menegh. 

2. Middle Inas. Light-coloured stratified limestones, with a great 
variety of organic remains (most of them new species), such as Am- 
monites Davor, A. Ragazonit, A. Algovianus, A. Lavinianus, abundant 
Brachiopods, stems of Crinoids, &ce. 

3. Upper Laas, with abundance of Amunonites bifrons, A. Comensis, 
A. serpentinus, A. radians, &c., Phylloceras heterophyllum, P. Nilssona, 
Terebratula Erbaénsis, and qT. Rozzoana. 

4. Inferior Dogger. Yellowish marly limestones, with Ammonites 
fallax, A. scissus, A. Murchisone, and Phylloceras ultramontanum. 

5. Aptychian Shales, with Aptychus punctatus and A. latus. 
6. Tithonian horizon. Light-coloured marble-like limestones, with 

abundant Cephalopods, generally identical in species with those of 
Rogoznik in Galicia and of South Tyrol. 

7. Neocomian white limestones, with Ammonites incertus, Phyllo- 
ceras mfundibulum, &e. 

8. Rose-coloured limestones, with Fucoidal shales in their lower- 
most horizon. 

9. Scagha, as in 8. Tyrol. [Count M.] 
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On the Cretaceous Frora of Motzrern, Moravia. By Dr. O. Hzrr. 

[Proceed. Imp. Geol. Instit. Vienna, April 21, 1868.] 

EIe¢HtEEn species have been determined from these beds, namely, 
one Fern, Gleichenia Quenstedti, Heer; one Palm, Palmacites horridus 
Heer (petiole only); four Abietez, Sequoia Reichenbachi, Gein., sp. ; 
S. fastigiata, Sternb., sp.; Cunninghamites elegans, Corda, and Pinus 
Quenstedti, Heer; two Mores, Ficus Mohliana, Heer, and F. Krausi- 
ana, Heer; one doubtful Polygonean, Credneria macrophylla, Heer ; 
two Laurinee, Daphnophyllum Fraasi and D. crasstmervium, Heer. 
The other species are Aralia formosa, Heer; Chondrophyllum 
grandi-dentatum, Ung., sp.; Magnolia speciosa, Heer; M. amplifolia, 
Heer; Myrtophyllum (Eucalyptus?) Gewtzu, Heer; M. Schubleri, 
Heer, and Juglans crassipes, Heer. This flora is remarkable from 
being the earliest in which Dicotyledonous plants are conspicuously 
represented ; two-thirds of the species belong to this class, which is 
not represented in the Wealden, and but sparingly in the Gault and 
Neocomian. The families to which these species belong are in no 
way related to the Lower Cretaceous flora of Europe generally ; 
among them the Magnolias and Myrtles hold a high position in the 
vegetable scale. The fossil plants of Moletein are in an excellent 
state of preservation, and the leaves are of large size, although it 
might have been expected that the Dicotyledons next following the 
Conifers in time would be small-leaved forms. [Count M.] 

On the Fosstt Fiora of the Arctic Reeions, by Dr. O. Huzr. 

[ Proceed. Imp. Geol. Instit. Vienna, April 21, 1868.] 

Pror. Heer has just published a description of this flora illustrated 
by fifty plates, Dr. Ch. Cramer, of Zurich, contributing the descrip- 
tion of the fossil woods. The Carboniferous flora is represented only’ 
on Melville Island*; the Cretaceous only in North Greenland. 
Miocene deposits with vegetable remains exist in North Greenland 
(with fossil insects), Banks’ Land, Mackenzie, Iceland, and Spitz- 

* The Swedish expedition of last year detected Carboniferous strata both in 
Bear Island and in Spitzbergen, and in the latter fossil remains of animals of 
Triassic and Jurassic. forms. 
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bergen. The Carboniferous flora numbers 12 species, the Cretaceous 
14 species, some of which are identical with those in HKuropean 
strata. The Miocene flora numbers 162 species, of which 112 are 
new, while very few are referable to forms actually living in those 
regions. Central and South European, Japanese, and especially 
Asiatic and American types are found. Tawxodiwm dubium, Sequoia 
Langsdorfu, Alnus Kefersteini, Fagus Deucalionis, and Platanus ace- 
roides, are the prevailing forms. Palms, fine-leaved Leguminosae, 
and Cinnamomum are absent. It may be concluded from the general 
character of this flora that the mean annual temperature of the 
Arctic regions was not lower than 48° Fahr. 

The deposits of this period are in these regions intimately con- 
nected with the eruptive rocks and their tuffs. The sandstones, 
with large plates of mica, m Greenland and Iceland, and their 
yellowish-white tuffs, call to mind the tuffs of Gleichenberg, and 
other German trachytie and rhyolitic tuffs in which Palms do not 
occur. Several Arctic forms, as Sequoia Langsdorffi, Phragmites 
Gningensis, Salix macrophylla, Betula prisca, Fagus Deucahonis, 
Planera Unger and Platanus aceroides are characteristic of the Con 
gerian and Sarmatian strata. A petiolate Proteacean leaf mentioned 
by Mr. D. Stur as allied to Hakea Erdobenjensis, a Hungarian Mio- 
cene species, may possibly be referable to MacClintockia Lyell. The 
lower beds of the Vienna and Hungarian basins include few eruptive 
rocks and tuffs, but they are everywhere connected with strata con- 
taining the remains of Palms. The entire absence of Palms from 
the Arctic and European Sarmatian tuffs is far from being certain, 
and until the presence of Castanea Kubinyt and Parrotia pristima in 
the Polar regions has been established, no comparison can be made 
between the Arctic tuffs and those of the Sarmatian horizon. 
Possibly, sedimentary rocks of older date than the Miocene may be 
completely absent from the Polar regions, as they are in the grand 
valley of Hungary. ‘This supposition admitted, the American and 
European floras may have been connected during the older Miocene 
period without the intervention of a hypothetical Atlantis. 

Peis! [Count M.] | 

On the Grotoey of the Atrat Mountains. 
By Prof. Bernuarp von Corta. 

[Proc. Imp. Geol. Institute, Vienna, March 2, 1869.] 

Proressor Cotta, who visited the Altai group during the summer of 
1868, at the request of the Russian Gevernment, with the special 
object of investigating the metalliferous deposits of those mountains, 
gives the following account of their geology. The principal rocks 
of the Altai are :— 

1. Crystalline slates. 
2. Silurian slates. 
3. Devonian limestone. 
4, Carboniferous limestones, shales, and sandstones. 
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. Granites. 
. Euritic porphyries. 
. Metalliferous deposits. 
. Greenstones. 
. Diluvial deposits. 

10. Recent deposits. 

The absence of the entire series of sedimentary rocks between the 
Dyas and the Diluvium leads to the conclusion that during the 
whole of this long period the region of the Altai was dry land, and 
that during the Diluvial period it was covered with water as far as 
the foot of the mountains. At this time an ocean, extending from 
the Glacial sea to the Ural, the Altai, and the Caspian and Black 
Seas, seems to have formed a boundary between Europe and the 
south and east of Asia. The absence of traces of glaciers, and, in- 
deed, generally, of any vestiges of a glacial period, such as are so 
frequently observed in Europe, may be accounted for by the suppo- 
sition that a current of warm sea-water, passing from the Mediter- 
ranean to the Glacial sea, took its course along the then existing 
Altaic coast. The Mammoths, remains of which have been found in 
some of the caves of the Altai, may have lived upon large flat islands 
rising out of the Diluvial sea. This sea having been removed, either 
by the upheaval of the land or by the draining off of its waters, left 
behind it numerous lakes, some of which still consist of salt water, 
and the climate acquired its present continental type. No traces of 
Tertiary, or Post-tertiary eruptions have been met with. The most 
recent eruptive rocks are Greenstones, which have broken through 
all the deposits, up to the metalliferous. Everywhere the old sedi- 
mentary strata are considerably upheaved and disturbed, but the 
periods at which these upheavals took place cannot at present be as- 
certained. 

The metalliferous deposits in the west Altai are essentially uni- 
form in type.. They consist of sulphate of baryta or quartz, with a 
great diversity of metallic sulphurets, the products of the decompo- 
sition of which usually occupy the higher levels. The form of these 
deposits is very irregular, and they probably owe their origin to the 
filling up of fissures. They occur especially in the crystalline and 
sedimentary slates, and also in porphyry, but never in granite or 
greenstone ; indeed, the last-mentioned rock has broken through a 
number of them. The metalliferous deposits of the low mountain- 
chain of Salair, in which granite is almost entirely deficient, form 
‘irregular beds in a talcose slate, but are evidently of later date than 
the rock in which they are imbedded. ee of baryta predo- 
minates among their constituents. [Count M.] 

CO CO NT Od O1 

On Cuetonta from ErsiswaLp, mm SryRia. 
By Prof. C. Prrmrs. 

[Proc. Imp. Geol. Institute, Vienna, April 6, 1869.] 

ProressoR PEerers compares his new genus Chelydropsis, from Hibis- 
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wald, with the Jurassic Chelonians from Soleure (“ Etage Strombien”), 
Kehlheim (Solenhofen), and Hanover (Kimmeridge). Those from 
Kehlheim were described, under the name of Platychelys Oberndorferi, 
in 1853, by Prof. A. Wagner, and by H. von Meyer in 1860. 
Other similar forms from the Swiss Jurassic deposits, and from the 
English Wealden and Purbeck strata, described by M. Pictet and by 
Prof. Owen, prove that the series of Chelydroid Chelonians, charac- 
terized by the peculiar structure of their marginal plates, persisted 
from the Jurassic to the Tertiary period. Prof. Riitimeyer showed 
(1868) the close analogies existing between the living Chelydra 
serpentina and Platychelys Oberndorfert, and also such fossil forms 
as C. Murchisoni, H. von Meyer, from Cningen, C. Decheni, H. von 
Meyer, from the Rhenish laminated coal, and the incomplete remains 
from Kibiswald described by Prof. Peters (1850) as “‘ Chelydra, sp.” 
These analogies are especially evident in the dorsal carapace, which 
has served for the. establishment of the genus Chelydropsis. Its 
double row of marginal plates, such as at present occurs only in the ~ 
American Chelonura Temmincki, Holbr., exactly reproduces the type 
of the above-mentioned Jurassic forms, and would probably be still 

_more conspicuous in young individuals. The Hanoverian fossil forms 
‘lately described by Dr. Maak in his great work on the systematic 
arrangement of the Chelonia, exhibit the same type, although less 
distinctly, and also present remarkable instances of the combination 
of osteological types which have been completed and differentiated 
in subsequent periods. The family of the Chelydrians thus pre- 
sents a continuous series of osteological transformations, the origin 
of which has been traced by Professor Riitimeyer in young indi- 
viduals of Chelydra and Platychelys. [Counr M.] | 

The Brrozoa of the Tertiary Deposits of KischENEW, in BussaRABIA. 
By Prof. Reuss. 

[Proc. Imp. Acad. Vienna, June 17 , 1869.] 

TuEsE deposits belong to the Sarmatian stage, the remains of Bryo- 
zoa from which have been but little studied. In the Vienna basin 
they are rare and indistinct, but several species have been obtained 
from Hungary and Transsylvania. The rock at Kischenew, a lime- 
stone consisting chiefly of shells cemented together, contains many 
specimens of Bryozoa, which, however, are more abundant in indi- 
viduals than in species. The author recognizes only four species, 
namely :—Tubulipora conferta, Lepraha verruculosa, sp. n., Hemi- 
eschara variabilis, and Diastopora corrugata. The last two species 
present much diversity of form, which has misled Eichwald, who, 
in his ‘ Letheea Rossica,’ describes Hemieschara variabilis under the 
names of Céellepora syrinz, C. tineahs, Vincularia teres, and V, tris- 
toma; and Diastopora corrugata as Pustulopora promagenaa, fruticosa, 
and curta. | [W.S. D.] 
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The Ecurnoia of the Upper Tertianies of Ausrria and Huneary. 
By Dr. G. C. Lavuss. 

[Imp. Geol. Institute, Vienna, June 30, 1869.] 

In a memoir on this subject, prepared for publication in the ‘ Ab- 
handlungen ’ of the Imperial Geological Institute of Vienna, Dr. 
Laube describes the following fossil Echinoida from the Upper Ter- 
tiaries of Austria and Hungary :— 
Cidaris Schwabenaw, sp.n. Long, rod-like spines, with granular 

spinules directed forwards in narrow parallel rows. Vienna 
basin. 

Psammechinus Serres (Desmoul. sp.). Vienna and Hungary. 
morabilis (Nicol. sp.), Vienna basin. 
monilis (Desmar. sp.), Vienna basin. 
Ducier (Wright), Vienna basin. 

Echinus dux, sp.n. Flattened, with ten rows of warts in the in- 
terambulacral and four inthe ambulacral areas. Vienna basin. 
hungaricus, sp.n. Large, hemispherical warts of equal size 

in the ambulacral and interambulacral areas, ten rows in the 
latter and four in the former. Hungary. 

Echinocyamus transylvanicus, sp.n. Small, differing from Z. ovatus 
(Goldf. sp.) by its more pointed summit and more regular peta- 
loidal star. 

Amphiope perspicillata (Ag.) and A. elliptica (Desor). Vienna 
basin. 

Scutella vindobonensis, sp.n. Large, with a sharply angular, pro- 
minent rostrum,.and peculiarly inflated between the posterior 
petaloidia. Vienna basin and Hungary. 

Clypeaster scille (Desmoul.), C. crassicostatus (Ag.), C. portentosus 
(Desmoul.), Hungary; C. acuminatus (Desor), Vienna basin 
and Hungary; C.gibbosus (Risso), C. pyramidalis (Michel.), C.. 
partschi (Michel.), C. intermedius (Desmoul.), and C. latirostris - 

_ (Ag.), Vienna basin. 
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Echinolampas hemasphericus (Lamk. sp.), vars. Linkw (Goldf.) and 
rhodensis (Laube), the latter distinguished by its smaller size 
and less oval form. Vienna basin and Hungary. 
Laurillards (Ag.). Vienna basin and Hungary. 
angustistellatus, sp.u. Nearly circular, slightly pecan be- 
hind; petaloidia narrow, highly arched. Vienna basin. 

Conoclypus plagiosomus (Ag.). Vienna basin. 
Pericosmus affinis, sp.n. Very like P. latus (Desor), but with a 

narrower frontal furrow — shorter posterior petaloidia. 
Vienna basin. 

Hemaster rotundus, sp.n. Like H. acuminatus (Miinst.), but of a 
more rounded form, and with the anterior declivity steeper. 
Vienna basin. 

—— kalkburgensis, sp. n. Like H. acumimatus (Minst.), but 
with the petaloidia different and the frontal furrow longer 
and narrow; more cordiform than H. rotundus. Vienna 
basin. 

Schizaster leithanus, sp.n. Large, cordate, vertex very excentric, 
frontal furrow long and deep. 
Parkinsom (Defr.). Vienna basin. 
Karrert, sp.n. Of moderate size, ovate, deeply emarginate in 
front ; distinguished from S. Parkinsoni by its more excentric 
vertex and straight petaloidia. Hungary. 
scillee (Desmoul.). Baden. 
Desort (Wright). Vienna basin. 

———, sp. Upper Austria. 
Brissomorpha, g.n. Intermediate between Brissus and Prenaster, 

differing from the former in the shape of the petaloidia and 
front, from the latter in size and covering. 
Fuchsi, sp.n. Vienna basin. 

Spatangus euglyphus (Laube). Vienna basin. 
austriacus, sp.n. Large; differing from S. regine (Forbes) by 

its broader petaloidia and several spinose warts placed in zig- 
zag between the petaloidia; and from S. pustulosus (Wright) 
by its deeper frontal furrow and its more rounded form. 

[Counr M.] 

On the Lavas of Mount Vusuvius. By Herr H. Wotr. 

[ Proc. Imp. Geol. Institute, Vienna, February 16, 1869. | 

Tess lavas, according to the author, are all Leucite-porphyries of a 
homogeneous, slag-like,;* porous, and nearly pumicose structure. 
Their fundamental constituent is a greenish vitreous substance, con- 
taining microscopic crystals of Plagioclase, Sanidine, and Leucite,— 
the last predominating both as to size and quantity. Pyroxene and 

' magnetic protoxide of iron have also been observed. Smail plates 
of magnesian mica occur very rarely. [Count M.] 

it7 



PAUL—-NORTH-HUNGARIAN DEPOSITS. LZ 

On the Succession of the Uprmr Triassic, Ruzxric, and OLpER 
Liasstc Deposits near Hommona in Nortu Huneary. By M. 
PavL. 

[Proc. Imp. Geol. Institute, Vienna, 31st July, 1869.] 

The succession of these deposits in descending order is as fol- 
lows :— 

White-veined Limestones, occasionally dolomitic, constantly asso- 
ciated with layers of quartz. 

Grey Marly Shales, alternating with compact Limestone-beds, 
containing Pentacrinites, Zima (?), and other indistinct organic 
remains (24-28 feet). 

Limestone with Plicatula intus-striata, Ostrea Haidingeriana, Pecten, 
&c. (6-12 feet). 

Limestone, with large Megalodon sections (3-4 feet). 
Limestone, with Terebratula gregaria (6-12 feet). 
Dolomitic Marl (3 feet). 
Limestone, with Lithodendra (9 feet). 
Limestone, with abundance of Terebratula gregaria, which is asso- 

ciated in the deeper nodular layers with Cephalopods and Gas- 
teropods (24-30 feet). 

Marly Limestones, with Plicatula intus-striata, Ostrea Haidingeriana 
and Pecten (6 feet). 

Soft dark Shales (3 feet). 
Dolomitic Marls, more compact (3 feet). 
Soft Marls, alternating with more compact beds (8 feet). 
Dark red, very crumbly Marl-shales (12-18 feet). 
Quartzite and coarse Quartz-sandstone, very like that occurring in 

the Lias (30-36 feet). 
Dark Shales, with distinct, compact beds, which are sometimes 

quartzitoid (36-48 feet). 
Variegated Marls in thin layers, somewhat dolomitic (120-180 

feet). 
? Dolomitic Breccia. 

The white-veined Limestones are overlain by Dolomites contain- 
ing Belemnites, and these by Limestones with hornstone and traces 
of Crinoidal Limestone, which may represent the superior Jurassic 
deposits. 

This section proves that the white-veined Limestone, so widely 
spread in the Carpathians, and generally referred to the Trias, 
belongs, with its subordinate Dolomites and Quartzite-beds, to the 
Lias. It is not, however, the lowest stage of that formation, as is 
proved by the Quartzites of the Little Carpathians, between which 
and the Kossen beds a great deposit of dark-coloured Limestone is 
intercalated. This section reveals another fact of interest with 
regard to the Kossen beds, namely, that Bivalves and Brachiopods 
may alternately predominate repeatedly, so that they do not stand 
to each other in the relation of constant stratigraphical horizons. 

[Counr M.] 
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Aue enclosed in Diamonps. By Dr. Gorrrrr. 

[Abhandl. Schles. Ges. fiir vaterl. Cultur, 1868.]_ © 

Tur author was led by his observations upon bodies enclosed in 
diamonds to conclude .that they are of Neptunian origin, and he 
considers that this opinion is supported by the fact that the primary 
clay-slate and gneiss in which diamonds are found are now known 
to contain organic remains.. He notices especially Eozoon canadense, 
the organic particles found by H. Rose in smoky topaz, the Old- 
hamic of Forbes, and the occurrence of nitrogen and organic mate- 
rial in many minerals, as demonstrated by Delesse. The author 
now described a diamond containing dendrites, such as occur in 
chaleedony, jasper, and other minerals of aqueous origin. Another, 
weighing 263 milligrms., in the Berlin Museum, contains a quantity 
of round, uniformly green corpuscles, precisely resembling those of 
Protococcus pluvalis in size and form. A third specimen, weighing 
345 milligrms., and also belonging to the Berlin Museum, contains a 
quantity of green corpuscles of a more elongated form, often ad- 
hering together in the form of a chain. These most closely resemble 
the living Palmoglea macrococca. ‘The author describes these forms 
as Alge, under the names of Protococcus adamantinus and Palmo- 
gleites adamantinus. (From the Report of the Imp. Geol. inert 
Vienna, August 31, 1869). 

[W. S. Nae 
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The Trias in SprrzBercen. By Dr. G. C. Lavss. 

[Proc. Imp. Geol. Institute, Vienna, 3lst July, 1869. ] 

Prorsesson Norprensxiorp has lately brought a great quantity of 
Triassic fossils from Spitzbergen to Stockholm. The partially bitu- 
minous shales, to which the author gives the name of “ Halobia- 
shales,” present a striking resemblance to the Alpine “ Wengen 
shales;” and above these are strata containing Cephalopods very 
like those of the St.-Cassian beds. Nautilus Nordenskioldi (Lind- 
strom) exactly resembles a Nautilus from the Hallstatt limestone. 
Nautilus trochleceformis is an Arcestes closely approaching A. eymb:- 
forms; Ammomtes Gaytand is also an Arcestes, approaching A. Bar- 

_vandei (Laube). Ceratites Blomstrandi is exactly like A. Wengensis 
(Klp.). Brown strata, supposed by Prof. Nordenskiéld to be Jurassic, 
contain Halobie, and also two small Gasteropods, a Chemnitza and 
a Loxonema, both undoubtedly having the character of St.-Cassian 
species. Among the specimens sent are fragments of black shales 
from the Ice-fjord, with numerous impressions of Halobia Lommah 
(Wissm.), which cannot be distinguished from the true “ Wengen 
shales ;” the fragments from Cape Thordsen, containing Halobia 
rugosa (Giimb.)=H. Hauert (Stur) and a much compressed Am- 
monite (A. floridus 2) present an equal resemblance to Stur’s 
‘‘ Reingraben shales.” [Count M. } 
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